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Abstract 

Highway projects in developing countries (and specifically in Nigeria) are beset with 

numerous implementation challenges, including delivery within the contracted budget. 

This particular problem can be attributed to poor understanding of the contextual 

interactions and overall dynamics of the factors which contribute to cost overrun. To 

overcome this challenge, efforts have been made to understand the drivers of cost overrun, 

but to date there has been insufficient focus on the intricate interactions and dynamics of 

the driving factors. Therefore, this study set out to assess how system dynamics approach 

could improve our understanding of the driving factors of cost overruns in highway 

projects in Nigeria, by developing a computer-based system dynamics model that 

incorporates the intricate and contextual dynamic processes of the drivers. Using a case 

study research strategy, a four-stage interview process was adopted. Firstly, 16 interviews 

with relevant stakeholders were conducted and analysed using a formulated data 

compatible coding framework to inform model conceptualisation. Secondly, 9 interviews 

were conducted to validate the developed conceptual model. Thirdly, 9 interviews were 

conducted to elicit the values of the parameters used in the formal modelling process. 

Lastly, 6 interviews were conducted to validate the simulation model by presenting the 

simulation results and the accompanying algorithms and documentation. The findings 

revealed that, amongst the numerous driving factors, the most significant were: delay in 

progress of work, political instability, adverse weather, social issues, modification of 

project scope, and delay in payment to contractors. Additionally, the multiple drivers 

were shown to exhibit causal relationships, which formed the basis for the development 

of a conceptual model, supported by identified causal relations from literature sources 

and a model evaluation process with the stakeholders. The results from the conceptual 

model indicated that the feedback structure of the contextual system is governed by seven 

feedback loops (3 reinforcing (positive) and 4 balancing (negative)), demonstrating the 

complexity and dynamics of the contextual system. Accordingly, key parts of the 

conceptual model (Loops R3 and B4) which described the dynamic interactions inherent 

in a typical highway infrastructure development in Nigeria were converted, expanded and 

numerically structured in terms of stock and flow diagram, and simulated in a 240-month 

time period. The simulation results suggested that the model is useful for its purpose and 

is consistent with the system’s observed contextual reality. As well as the business as 

usual (BAU) scenario, which assumed the status quo in contextual behavioural trends, 

three alternative scenarios were designed and simulated in order to assess their impact on 

improving the cost performance of highway projects in Nigeria. The results showed that 

scenario four (combination of all policies) would provide the maximum cost performance 

benefit, by ensuring that the delivery period of key economic projects improved by 15%. 

The evaluation results indicated that the processes and their outputs are vital instruments 

for enhancing and promoting a better understanding of the intricate and contextual 

dynamics of cost overrun drivers in highway projects. This new model will be of use to 

decision makers in the highway sector of the Nigerian construction industry, facilitating 

informed and pragmatic decisions regarding policies that will ensure cost effective 

delivery of highway projects. 
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Chapter 1: Introduction 

This chapter begins with an introduction to the context of the study, its rationale, and the 

current gap in knowledge. It further presents a synopsis of the methodology adopted, an 

overview of the research process, and the research study’s contribution to knowledge. 

Accordingly, it is divided into 11 sub-sections, which include: the study background, the 

research problem, the rationale for the study, the research question, the research aim and 

objectives, the scope of the study, an overview of the research methodology, an outline 

of the structure of the thesis, and finally the chapter summary. 

1.1 Background of the Study 

The construction sector, particularly highways, has been distinctive and dynamic in 

nature, continually dealing with uncertainties and teams from diverse cultural 

backgrounds, yet contributing significantly to the economic growth of many countries, 

including Nigeria (Johnson and Babu, 2018). According to data from the Nigerian Bureau 

of Statistics in 2017, the construction sector contributed about 3.12% to the overall Gross 

Domestic Product of Nigeria. Thus, highways are significant in terms of utilizing the 

potential of emerging countries such as Nigeria, by harnessing diverse clusters of 

economic activities. As the major and most popular means of transportation in most 

emerging countries, Federal highways account for the movement of about 95% of freight, 

vehicles and persons in Nigeria, despite only accounting for about 18% of the total 

national highway network (Muhammad and Sebastian-Dauda, 2017). Yet, highway 

infrastructure construction remains one of largest areas of construction investment in 

Nigeria. For example, about 229 highway projects, worth over ₦2.361 trillion, are 

currently on-going across Nigeria (FMW&H, 2019). Notwithstanding the importance of 

highways to the Nigerian economy, they are beset with significant cost performance 

challenges, because cost performance involves expressing performance in monetary 

terms (Amadi and Higham, 2017, Anigbogu et al., 2019). Hence, estimating the final cost 

of a project can be extremely challenging, because of the need to consider the series of 

complex cost-influencing elements such as: instability in the costs of materials, possible 

changes in design and scope, ground conditions, project duration, project size, tendering 

method, type of client. However, due to insufficient amounts of information at the project 

development conception stage, it becomes difficult to consider most of these factors when 

setting cost targets and estimates; thus ignoring them could eventually lead to serious 

consequences, such as disputes within the project team, that could result in the termination 
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or abandonment of projects in extreme situations (Ahiaga-Dagbui and Smith, 2014b, 

Shehu et al., 2014).  

Nevertheless, the unique, dynamic, and increasingly complexity of highway projects, and 

the highly competitive and fragmented nature of the construction industry, have resulted 

in construction projects (and highway projects in particular) facing continual uncertainties 

that render cost management very difficult, and thus lead to poor cost performance. 

Hence, poor cost performance has been regarded as one of the most serious issues during 

the implementation of publicly funded highway projects (Flyvbjerg et al., 2003, Ahiaga-

Dagbui and Smith, 2014a).  

Cost overrun is considered a universal and ubiquitous problem in construction projects, 

and particularly highway  projects, regardless of the size of the project or its geographic 

location (Johnson and Babu, 2018), with Flyvbjerg et al. (2018) concluding that cost 

overruns are evident and pervasive in highway projects, and thus most highway projects 

record significant cost overruns. However, the trend is more prominent in emerging 

countries, partly due to issues related to dishonest practices, which sometimes result in 

projects almost doubling their costs (Durdyev et al., 2012). This consequently affects the 

socio-economic development of a country, because it deters significant investment in new 

publicly funded projects by the respective governments (Ahmad et al., 2019). 

In practice, cost overruns occur in most highway projects, and the magnitudes 

significantly vary with geographical context, empirical studies and individual projects 

(Famiyeh et al., 2017). In total, Flyvbjerg et al. (2003) analysed 258 infrastructure 

projects (including 167 highway projects) covering a range of countries across North 

America, Europe and Japan, with 9 in every 10 projects unsuccessfully delivered within 

budgetary provision; only 10 out of 142 highway projects in the Federal Capital Territory, 

Nigeria, were completed within the contracted budgetary provision (Anigbogu et al., 

2019).  

There is substantial evidence of cost overruns in highway projects, with magnitudes of 

cost overrun ranging from 7.9% to over 450% (Flyvbjerg et al., 2003, Odeck, 2004, Okon, 

2009, Cantarelli et al., 2012c, Locatelli et al., 2017, Anigbogu et al., 2019). For instance, 

Okon (2009) quoted extremely high cost overrun of 500% associated with some 

completed highway projects in the region of Niger Delta, Nigeria; a modest average cost 

overrun of 54.62% was reported in executed highway projects in the Federal Capital 

Territory, Abuja (Anigbogu et al., 2019). Unfortunately, the cost performance of 
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individual projects across Nigeria is at a very low ebb, with significant cost overruns in 

excess of 180% (FMW&H, 2019). Accordingly, there is a particular need to ensure that 

the financial resources are efficiently, effectively, and economically invested, and thus 

understanding the contextual attributable triggers of cost underperformance is essential 

in order to improve the development and management of highway projects in Nigeria. 

1.2 Problem Statement 

Infrastructures including transport, water, information and communication technology, 

and energy have become the largest investments for many governments, international and 

regional financial institutions, such as the World Bank Group and the African 

Development Bank Group, with significant financial commitments worth billions of 

dollars (Kyte et al., 2015, Ncube et al., 2010). Among these infrastructures, particularly 

in Nigeria, transportation (and highway transportation specifically) has received much 

attention and financial commitment due to its economic and social importance (Anigbogu 

et al., 2019). Yet, managing highway projects requires the coordination of a multitude of 

resources (human, organisational, technical, and natural). More so, the complexities of 

such projects are overshadowed by a series of challenges (technical, economical, societal 

and political) (Ahmad et al., 2018, Boateng et al., 2017, Loosemore and Cheung, 2015, 

Torp et al., 2016, Steyn, 2009), and these many challenges influence the costs and are 

factors that managers of highway infrastructure projects are often least prepared to 

appreciate. Within the transportation infrastructure sector (highway), project cost 

overruns have attracted the attention of academics worldwide and stakeholders at all 

levels of government (Shane et al., 2009, Ahiaga-Dagbui and Smith, 2014a). 

Globally, considerable effort has been directed towards understanding why and how 

construction projects exceed their estimated costs, but most of the studies carried out 

concentrated on general construction and transport infrastructure in general (Love et al., 

2011, Love et al., 2015a). Although, highway construction cost overruns contribute to 

significant financial risks, in most of the studies, which are largely survey-oriented, 

highway construction cost overruns, especially in Nigeria are under studied (Anigbogu et 

al., 2019).  

Several comprehensive studies within the domain of the highway sector in Nigeria have 

attempted to understand the key reasons for this underperformance, as demonstrated by 

the works of Mansfield et al. (1994), Amadi and Higham (2017), Leo-Olagbaye and 

Odeyinka (2018), and Anigbogu et al. (2019) among others.  



Chapter 1- Introduction       

4 
 

A number of studies (from a conventional statistical methodological orientation) across 

the developing world, including Nigeria, have established that there are multiple triggers 

influencing cost overruns in highway projects, as documented by the works of: Mansfield 

et al. (1994), Amadi and Higham (2017), Leo-Olagbaye and Odeyinka (2018) and 

Anigbogu et al. (2019) in Nigeria; Kaliba et al. (2009) in Zambia; Nasir et al. (2011), 

Zafar et al. (2016) and Sohu et al. (2017b) in Pakistan; Hazim and Abusalem (2015) and 

Al-Hazim et al. (2017) in Jordan; and Pai et al. (2018) in India among others. However, 

little attempt has been made to incorporate the dynamic and complex nature of these 

driving factors, which have been established to have complicated interactions with one 

another due to a multiplicity of feedbacks, delays and nonlinear relationships (Mahmud 

et al., 2020a). 

It is evident that a significant effort has been made to understand the causes of cost 

overruns globally, and these causes have been found to be sensitive to their geographic 

location. However, most of the studies, including the few conducted in Nigeria, which 

are based on a specific state or region, such as Mansfield et al. (1994), Omoregie and 

Radford (2006), Amadi and Higham (2017), Leo-Olagbaye and Odeyinka (2018) and 

Anigbogu et al. (2019), have used a survey-based approach towards data collection i.e. 

questionnaire surveys and project documents, though with occasional use of interviews 

and statistical approaches to data analysis (index and regression analysis based methods). 

Evidently, these studies disregard the contextual circumstances in which these factors 

take place, as well as the dynamic and complex nature of these factors, as explicated by 

Mahmud et al. (2020b). Ahiaga-Dagbui et al. (2015) submits that cost overrun research 

to date has been primarily oriented towards identifying the drivers from a survey-oriented 

perspective, and thus there has been limited research into understanding cost overrun 

triggers contextually. To support this assertion, Ahiaga-Dagbui et al. (2015) described the 

bulk of research on cost overrun as replicative, stating that, “ it is argued that 

questionnaires alone may not be suitable for investigating complex and systemic 

problems like cost overrun on construction projects… it is no surprise that the same 

factors seem to come top of the list most of the time…”. It is evident that the studies 

adopted methodologies that often inferred cause and effect relationships between factors, 

but disregarded the dynamic and complex nature of the contributors to the cost overrun 

phenomena.  

Therefore, the foregoing discussion indicates that cost overrun triggers are systemic, 

intricate, and dynamic, and thus need to be studied and understood with tools and 
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techniques that acknowledge these characteristics, so that the requisite measures can be 

taken to address the contextual problems. In light of this, this study will explore how the 

key driving factors of cost overruns in highway projects interact dynamically, through the 

lens of system dynamics (SD). This is vital, as it will inform the development of the 

conceptual and formal SD model, capturing the overall dynamics of the key driving 

factors. This can guide stakeholders in understanding the complex and contextual 

dynamics of the key drivers, and indeed the system, through acknowledging the intricate 

feedback system that determines the systems’ dynamic behaviour, thereby assisting 

stakeholders in making pragmatic decisions regarding policy leverages about improving 

cost performance in highway projects provision in the Nigerian highway sector of the 

construction industry. 

1.3 Research Questions 

Based on the foregoing discussion, the following research questions have been developed. 

RQ1. How do the driving factors of cost overruns in highway infrastructure projects in 

Nigeria differ from other countries? 

RQ2. How are these explored factors interrelated? 

RQ3. How can the interrelationship that exists between the factors be modelled? 

1.4 Research Aim 

The study aims to assess how system dynamics approach could improve our 

understanding of the driving factors of cost overruns in highway projects in Nigeria.  

1.5 Research Objectives 

1. To critically evaluate the existing knowledge of cost overruns in general 

construction (and specifically in highway projects) from global and contextual 

perspectives. 

2. To assess the effectiveness of the methodological approaches currently adopted 

in the study of cost overruns in highway projects. 

3. To explore the contextual drivers that contribute to cost overruns in highway 

infrastructure projects in Nigeria. 

4. To examine and simulate the intricate interdependencies and key feedback effects 

of the drivers of cost overruns. 

5. To develop a model that can provide an insight into and better understanding of 

the various drivers of cost overruns and thus guide stakeholders in making 

pragmatic policy decisions. 
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1.6 Rationale of the Research Study 

Highway construction activities are an index of the socio-economic progress of a country, 

and managing these projects unavoidably entails dealing with uncertainties that 

significantly contribute to cost overruns, and mistrust amongst project stakeholders and 

the general public from technical, societal and political perspectives (Flyvbjerg et al., 

2003, Love et al., 2015b, Akoh, 2018). The highway sector of the construction industry 

has been at the forefront of underperformance, and thus branded with significant delays 

and cost overruns (Akoh, 2018). In fact, Mahmud et al., (2020c) has cited Nigeria as a 

perfect illustration of emerging countries with significant numbers of highway projects 

that have overrun their budgets. Anigbogu et al. (2019), FMW&H (2019) and Mahmud 

et al., (2020c) reaffirmed that Nigerian highways suffered from significant cost overruns. 

However, one of the major reasons for such underperformance can be a lack of 

understanding and acknowledgement of the intricate and dynamic nature of the causal 

triggers (Mahmud et al., 2020a). 

The rationale for this research study is to expand the understanding of the dynamic 

interactions of the key triggers of cost overruns in infrastructure construction projects, by 

focusing on the dynamics of projects in the highway sector of the Nigerian construction 

industry. This understanding is captured in a SD model of the key triggers at play in 

highway projects. The newly developed model will be employed to derive key leverages 

that are likely to improve the cost performance of highway projects in Nigeria. 

1.7 Scope and Focus of the Research Study 

Prior to selecting a methodology for the research study, it was considered prudent to 

clarify the extent and emphasis of the research study early in the process, to ensure that 

the outcome of the research would be appropriate to the context. The study scope is 

constrained to Nigeria, specifically the highway sector of the Nigerian construction 

industry, as data collection and case study have been extracted from the highway sector 

of the construction industry through engagement with key stakeholders responsible for 

highway projects development. However, the research outcome might be able to be 

applied and adapted to other contexts, and emerging countries with similar governance 

characteristics, facing similar cost performance challenges. In particular, the research 

focused on understanding the key driving factors of cost overruns in highway projects, 

by incorporating the intricate and dynamic characteristics of the triggers, with a view to 

improving the contextual problematic behaviour that has been persisting in the provision 

of highways in Nigeria. The research incorporates the perspectives of the key players and 
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stakeholders involved in the development of highway projects in Nigeria, specifically 

from public client, contractor, and consultant organisations. 

1.8 Synopsis of the Research Methodology 

Methodology, in a research endeavour, is primarily the approach to discovering new 

knowledge in a particular field, with numerous techniques, to achieve research aims and 

objectives. The specific method employed for this research study, in order to fulfil the 

stated research objectives, is illustrated in Figure 1-1. According to Wing et al. (1998), 

the selected research methods must be appropriate to achieve the objectives of the 

research study. Thus, the adopted process consists of three distinct stages, which support 

the attainment of the overall research goal as presented below. 

Stage One- Literature Review: As revealed by Creswell (2009), literature review refers 

to the process of finding and summarising existing studies about a particular topic. The 

literature sources include empirical literature (e.g. journal papers, conference papers, and 

PhD theses) and grey literature (e.g. project documents, newspaper articles, and reports), 

although higher precedence is accorded to empirical sources because of the rigorous peer 

review process and their representation of the extent of research achievements in a 

particular field. However, De Castro and Salinetti (2006) reiterated the need to consider 

other sources of data in research (such as newspaper articles and government documents) 

that are not empirically rooted or evidence based, and thus revealed that newspaper 

articles often contain highly valuable and unique information that is rarely found 

elsewhere (Smith, 2009, Lawrence, 2012, Tanacković et al., 2014). The review stage was 

used to: establish the research gaps, understand the concept and triggers of cost overruns 

in highway projects, understand the methodological approaches adopted by the 

contemporary literature, and to extract information about the contextual causal relations 

of some key triggers. Also, the review provided the knowledge and foundation of the SD 

technique, which is the methodological foundation for the modelling process. Therefore, 

the literature review satisfies the first and second objectives. 

Stage Two- Field Work and Analysis: This knowledge gap (identified in the literature 

review), in which the key drivers of cost overruns in highway projects in Nigeria, is 

identified and analysed. To achieve this, a qualitative case study approach was adopted, 

utilizing a semi-structured interview process with 16 stakeholders involved in the 

development of highway projects in Nigeria, complemented by literature sources and 

project documents to identify the contextual drivers and the causal relationships which 

inform the development of the conceptual and formal SD models. The qualitative 
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interview data was analysed, based on a data compatible formulated coding framework, 

to extract the key drivers and their causal relations. Therefore, fieldwork and analysis 

satisfy the third objective of the research study. 

Stage Three- Model Development, Testing and Policy Evaluation: The findings of the 

empirical study, buttressed by literature sources, informed the identification and 

establishment of the causal relationships. This was used to develop the conceptual model, 

and thus the structures of the conceptual model that describes a typical construction 

management system were selected and numerically structured in terms of formal stock 

and flow diagrams (SFD), which ensure that a model on the cost performance of highway 

projects was developed. The parameter values used in the SFD were obtained through 

discussions with 9 stakeholders from the client, contractor, and consultant organisations. 

Also, the tests conducted and the 2-stage evaluation process (conceptual and formal 

models) with 9 and 6 stakeholders respectively, ensure that the developed model is robust 

and useful for its purpose, and also that the policies developed are effective in improving 

the cost performance challenges facing key highway infrastructures in Nigeria. Therefore, 

the model development satisfies the fourth and fifth objectives. 
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Figure 1-1: Research objectives vs Research methods 

1.9 The Research Process 

The overall research process in conducting this study is presented in Figure 1-2. As the 

main goal of this study is to develop a SD model representing the context of highway 

projects performance in the Nigerian construction industry, the activities are logically 

carried out to achieve the outcome of the study. The process commences with the review 

of relevant empirical and grey literature. This is followed by methodology which justifies 

the adoption of the methodological framework of SD. In particular, findings from the 

literature and results from the qualitative data analysis of interviews and the evaluation 

process are used for model conceptualisation, which permits the development of the 
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formal system dynamics model for this research study. Finally, the model was used to 

perform policy experiments resulting in some policy recommendations. 

 

Figure 1-2: Research process 

1.10 Contribution to Knowledge 

The value and contribution of this research study emerged after revealing the limitations 

of the existing conventional reductionist models in understanding cost overrun triggers in 

highway projects. This study has contributed to knowledge about how we can incorporate 

the contextual circumstances of the evolution of cost overrun triggers, and their intricate 

and dynamic nature, to enhance the understanding of these triggers. Consequently, this 

study will shed light on the interactions and interdependencies of the contextual triggers 

which inform the development of models that aim to guide key policy makers in making 

informed and pragmatic decisions, ultimately enhancing the cost-effective delivery of 

highway projects in Nigeria. 
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1.11 Structure of the Thesis 

The structure of the thesis is presented in Figure 1-3. The research is organised into ten 

chapters which are briefly presented below. 

 

Figure 1-3: Structure of the thesis 

Chapter One: Introduction to the Study 

This chapter introduces the context of the study, discussing the background and stating 

the research problem. It identifies the aim of the research, the research objectives, and the 

research questions. It also presents the motivation for the study, and the research study 

scope. Furthermore, it concludes with an overview of the research methodology, the 

contribution to knowledge, and the structure of the thesis. 
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Chapter Two: Concept of Cost Overruns in General Construction and Highway 

Projects 

This chapter presents an overview of highway transportation infrastructure and how it is 

procured within the Nigerian context. It then examines previous studies on drivers of cost 

overruns in construction projects in general, and highway infrastructure in particular, 

from a global perspective and the Nigerian context. The chapter also highlights the 

methodological approaches, adopted by contemporary literature, which established the 

basis for considering an alternative approach of SD. 

Chapter Three: System Dynamic Modelling Methodology 

This chapter elucidates the foundation for the modelling approach adopted for this 

research. It presents a brief description of models and some of the available modelling 

tools and techniques, and the justification for the selection of SD as a suitable technique 

in this research study. Finally, the chapter concludes by presenting the application of SD 

to the research study. 

Chapter Four: Research Design and Methodology 

This chapter presents a detailed and explicit account of the research design and 

methodology adopted to gather information and address the proposed research aim and 

objectives raised in chapter one. The research methodology and design employed are also 

justified. The chapter concludes by presenting an analysis of the case study and a brief 

summary of the main sub-models of the conceptual model of key influencing drivers of 

cost overruns. 

Chapter Five: Development of a Coding Framework 

This chapter presents and discusses the procedures adopted for the formulation of the 

coding framework that is used to analyse the interview data and establish the model causal 

relationships. In addition, the chapter explains and justifies the existing coding 

frameworks adopted, and the key elements of those frameworks which informed the 

formulation of the alternative coding method. 

Chapter Six: Data Collection Procedure 

This chapter presents a detailed description of the various data collection techniques 

utilised in this research study, such as interviews, empirical sources, and the reviews of 

project reports. The chapter also presents the justification for the adoption of the selected 

sources of data collection (primary and secondary) and the field trip element of the data 

collection process. 
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Chapter Seven: Data Analysis 

This chapter presents the rigorous process for the analysis of the qualitative data, along 

with the two-phase analysis and discussion of the interview findings. The chapter also 

describes the analysis of comments obtained from validation interviews, as a way of 

enhancing the preliminary conceptual model with relevant stakeholders. 

Chapter Eight: Model Development and Description 

This chapter presents the development and description of the conceptual and formal 

models, built upon the empirical findings of the qualitative interviews and literature, 

based on the proposed SD framework and the steps in the modelling process. This chapter 

also presents the simulation behaviour of the model under the baseline situation, 

illustrating the dynamic behaviour of the model. 

Chapter Nine: Model Testing, Analysis, Policy Evaluation and Discussion 

This chapter presents the relevant verification tests, and describes the processes applied 

in performing each test. Likewise, the chapter presents the simulation results of the 

validation of the model. This chapter also evaluates the effectiveness of the policies in 

terms of addressing cost performance challenges facing highway projects in Nigeria and 

tests the behaviour of the model using a variety of scenarios. 

Chapter Ten: Conclusion and Recommendations 

This chapter discusses the main conclusion and recommendations of the research study. 

It also presents how the research objectives were accomplished, and the original 

contribution to knowledge as well as the limitations of the research study. 

Summary  

This chapter has presented a high-level synopsis of the overall research process of the 

study, and its potential contribution to knowledge. The next chapter will present a 

literature review of the concept of cost overrun and its driving factors in general 

construction projects (and specifically highway projects), from global and contextual 

perspectives. 
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Chapter 2: Concept of Cost Overruns in General Construction and 

Highway Projects 

2.1 Introduction 

Chapter 1 introduced the background of the research, knowledge gaps, and the rationale 

for the study. Firstly, this chapter presents an overview of highway transportation 

infrastructure and how it is procured within the Nigerian context. It also reviews previous 

studies on drivers of cost overruns in construction projects in general (and highway 

infrastructure in particular), from the global perspective and the Nigerian context. 

Furthermore, the methodological approaches adopted by the contemporary literature are 

reviewed, which establishes the basis for considering the alternative approach of SD, 

described in chapter 3. Chapter 2 fulfils objectives one and two of this research study, and 

thus sets the foundation for further exploration into the contextual drivers of cost overruns 

in highway projects in Nigeria. This chapter and chapter 3 form the literature review of 

this study.  

2.2 Highway Transportation Infrastructures 

Transport infrastructure is a basic physical infrastructure that every country needs to 

operate. It has been described by Jerome (2008) as part of a group of vital economic 

infrastructures (under the umbrella of civil engineering infrastructure projects), 

constructed and operated to provide economic growth to a country. It includes: highways, 

bridges, tunnels, railways, airports, mass transit, and seaports/maritime infrastructure, as 

shown in Figure 2-1 (Ng and Loosemore, 2007, Deng, 2013). Regarded as the cornerstone 

of civilisation globally, due to the role it plays in human and economic activities, 

transportation is very relevant as societies and economic organisations becomes more and 

more complex (Onolenemen, 2013). The impact of the construction industry, and 

particularly transportation infrastructure, on the Nigerian economy cannot be 

overemphasised, as it plays a key role in its socio-economic development. According to 

data from the Nigerian Bureau of Statistics in 2017, the construction sector contributed 

about 3.12% to the overall GDP of Nigeria (NBS, 2017).  
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Figure 2-1: Classification of civil engineering infrastructure projects 

Source: (Ng and Loosemore, 2007, Deng, 2013) 

 

Highway transportation plays a major role in global economic development, but 

particularly in developing nations such as Nigeria, because a large proportion of its 

economic activity is dependent on an efficient highway network. A report on highway 

infrastructure development in Nigeria by Onolememen (2013) underlined the correlation 

between transportation infrastructure, and particularly highway transport infrastructure, 

and economic development. The report advocates that socio-economic development can 

be catalysed by the presence of reliable and efficient infrastructure. More so, highway 

infrastructure has been identified as a major factor for the economic growth and 

development of any country (Onolememen, 2013). Highways are means of transporting 

raw materials, finished goods and people from one place to another on land (Potter and 

Lalwani, 2008, Onolememen, 2013). Its importance was buttressed by a report on 

Nigerian infrastructure development, which revealed that the budgetary allocation for 

highway infrastructure between 2015 and 2017 was N460.26 billion, representing about 

2.5% of the total government budgetary provision over the three-year period (Detail 

Commercial Solicitors, 2017). 

A highway can be described as an identifiable thoroughfare, route, or way between two 

places (i.e. interstate, non-interstate or municipality linkage), which has normally been 

upgraded to permit travel by some conveyance, including a horse, cart or motorised 

vehicle. Traditional highways were simply recognisable paths without any proper 

construction or maintenance, whilst modern highways are typically smoothed, paved, or 

otherwise prepared, to allow effortless travel on land (Adetola et al., 2013). 
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Land transportation, specifically highways, has been the major and most popular means 

of movement in Nigeria, a country with a landmass of 924,770 km2 and a population of 

over 194 million, comprising of 774 local government areas in 36 states plus the Federal 

Capital Territory, Abuja. Among the various means of transportation, highway transport 

is regarded as the most important, partly due to the ineffectiveness and insufficiency of 

other means such as rail, air and sea (Onolememen, 2013). In terms of vastness of road 

network, Nigeria tops the list of countries in sub-Saharan Africa, based on statistics from 

the International Road Federation (IRF) (Onolememen, 2013), and leads in the whole of 

West Africa. There are an estimated 200,000 kilometres of highway, connecting urban 

and rural areas of the country with the Federal highway network, and carrying over 90% 

of freight, vehicles, and people in Nigeria (Onolenemen, 2013, Muhammad and 

Sebastian-Dauda, 2017, Ogbu and Adindu, 2019).  

2.2.1 Highways Classification in Nigeria 

The foremost features considered in the classification of Nigerian highways appear to be 

the authority responsible for the highway, or the ownership, location, and functions of the 

highway. In this respect, the Nigerian road system is classified into three broad categories: 

Trunk A, Trunk B, and Trunk C, as presented in Figure 2-2 showing the map of the road 

network across Nigeria.  

 

Figure 2-2: Map of Federal road network of Nigeria 

Source: Muhammad and Sebastian-Dauda (2017) 
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Nigeria has about 200,000 km of highways spread all over the country; these highways 

are made up of around 36,000 km of Federal roads (spread over the thirty six states and 

the Federal Capital Territory, Abuja), about 32,000 km of state roads, and about 132,000 

km of local government roads, which constitutes 18%, 16% and 66% respectively, as 

shown in Figure 2-3 (Onolenemen, 2013, Muhammad and Sebastian-Dauda, 2017, Ogbu 

and Adindu, 2019). 

 

Figure 2-3: Ownership structure of Nigerian highway network 

Source: Onolenemen (2013), Muhammad and Sebastian-Dauda (2017) and Ogbu and 

Adindu (2019) 

 

➢ Trunk A Category 

Trunk A category constitutes the major highway network around which other types of 

highways are constructed and forms the skeleton of the national grid. This category of 

roads runs the length and breadth of the country, connecting economic hubs such as ports 

and capitals of various states, and linking other neighbouring countries to Nigeria, as 

shown in Figure 2-2. They are typically characterised as dual carriageway flexible 

pavement. Prominent examples are: Lagos-Ibadan Highway, Sagamu-Ijebu Ode-Benin 

Highway, Abuja-Kano Highway, Kano-Maiduguri Highway, Abuja-Lokoja Highway, 

and Lagos-Badagry Republic of Benin highway. This class of roads is financed, 

constructed, managed, and owned by the Federal government. They constitute 18% of the 

total national highway network, as shown in Figure 2-3 (Adetola et al., 2013, 

Onolenemen, 2013, Muhammad and Sebastian-Dauda, 2017, Ogbu and Adindu, 2019). 

➢ Trunk B Category 

Trunk B category are the highways within the states, which connect vital towns and cities 

of the various states and connect the cities to Federal highways. This class of roads is 

financed, developed, maintained, and owned by the state governments. Examples are: Eti 

Osa-Lekki-Epe highway, Nsukka highway, Abubakar Tafawa Balewa highway, and 

Obafemi Awolowo highway. This category of highways constitutes 16% of the total 
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national highway network, as shown in Figure 2-3 (Adetola et al., 2013, Onolenemen, 

2013, Muhammad and Sebastian-Dauda, 2017, Ogbu and Adindu, 2019). 

➢ Trunk C Category 

Trunk C category are local feeder roads that link the various villages and communities 

within a district or local government area, and also connect remotes areas to the state 

highway. This class is under the ownership and management of the local government; 

hence they are commonly referred to as local government roads. Examples are: Agbede 

road, Etsako west, Edo state, Isawo road, Ikorodu, Lagos state, and Hunkuyi road, Kudan, 

Kaduna state. This category of highways constitutes 66% of the total national highway 

network, as shown in Figure 2-3 (Adetola et al., 2013, Onolenemen, 2013, Muhammad 

and Sebastian-Dauda, 2017, Ogbu and Adindu, 2019). 

2.2.2 Characteristics of Highway Infrastructure Projects 

Most highway projects in developed and developing countries like Nigeria can be 

regarded as “megaprojects” due to the incorporation of other projects along sections of 

the highway, such as bridges and plazas, and the fact that they span many towns and 

villages with complex geological and environmental characteristics, take a long time to 

complete, and require significant commitments of financial resources and political 

interests. According to Capka (2004), Boateng (2015), and Biesenthal et al. (2018), 

megaprojects are “large infrastructure or major projects that often cost between 

$500million to over $1billion” or “project of a significant cost 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”. Most of the Trunk ‘A’ highway projects 

in Nigeria, such as Lagos-Ibadan, Kano-Maiduguri and Abuja-Lokoja Highways, can be 

regarded as megaprojects because they can be characterised under both definitions, and 

also exhibit similar characteristics to global highway megaprojects. Megaprojects are 

often characterised by a series of challenges during development, with the view that these 

projects are complex due to the myriad of challenges exhibited during the project 

development process. Boateng (2015) revealed notable features associated with 

megaprojects which are also peculiar to most Federal highway projects in Nigeria: 1. 

extreme complexity, 2. lengthy project duration, 3. enormous amounts of human and 

financial resources, 4. public entities’ involvement and public spending, 5. rooted in a 

web of public interest, 6. multiplicity of stakeholders, 7. technological challenges, 8. 

uniqueness, and 9. high impact on society and the general public. 
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2.3 Procurement Strategies Used in Highway Projects Delivery 

Highway projects are important in the socio-economic growth of most developing 

countries, including Nigeria. Their importance cannot be overemphasized, as a country’s 

sustainable growth hinges on the cost-effective delivery of highway infrastructure 

(Adamu et al., 2015). Project procurement is the process of designing and constructing a 

facility from inception to completion, and sometimes extends to operations and 

maintenance of the asset (Adamu et al., 2015, Bansal, 2012). The roles and 

responsibilities of all stakeholders involved are clearly defined so that the effective 

delivery of the project within its budgeted cost is achieved. However, the delivery of most 

highway projects in Nigeria has relied almost entirely on the public sector to provide 

funds that are sourced through either budgetary allocation or loans and grants accessed 

both locally and internationally (Abiodun, 2017, Adamu et al., 2015). The overburden on 

the public finances, and non-performance of most of the publicly funded highway 

projects, has resulted in a call to shift from the public sector financed model (known as 

the traditional model) to a more inclusive, collaborative, innovative and private sector 

driven model called the public private partnership (PPP) (Adamu et al., 2015, Abiodun, 

2017, Muhammad et al., 2015, Babatunde et al., 2010). Therefore, the two most widely 

used approaches in highway construction are the traditional (e.g. Design, Bid and Build) 

and non-traditional (e.g. PPP) approaches. 

2.3.1 Traditional approach 

Traditionally, highway projects are delivered and fully financed by the public sector, 

particularly in developing countries like Nigeria. The process involves sequentially 

disaggregating the stages of design, bidding and construction, and the public entity is 

solely responsible for financing the whole process of project delivery (Bansal, 2012, 

Abiodun, 2017). It is clear that the concentration of highways provision in the hands of 

the public sector client has not yielded positive results in relation to cost performance. 

Most publicly funded projects have faced (and are still facing) significant challenges, 

which has further caused the public sector to be overstretched in terms of sourcing funds 

to deliver these projects. Oyedele (2012) and Muhammad et al. (2015) revealed that the 

problem of cost overruns could be attributed to the government’s reliance on adopting the 

traditional approach, because of inadequacy of funds, weakness in institutional structures, 

political interference, and dishonest practices, which has resulted in non-transparent and 

inefficient delivery of the projects. In support, Udofia et al. (2015) opined that flagrant 

abuse of the necessary procedure adopted in Nigeria for awarding contracts, continuous 
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alteration of designs, poor release of funds, lack of transparency, competence-based 

competition as the sole criterion for awarding public contracts, and deliberate inflation of 

contract costs, characterized the traditional approach used by most developing countries. 

Furthermore, Abiodun (2017) found that the traditional approach has failed primarily due 

to shortage of necessary funding to execute major highway projects, because the 

performance of the projects is solely dependent on the public sector’s ability to provide 

the funding (Abiodun, 2017). It is thus argued that the fragmented nature of the approach, 

and the over reliance on government funding, have enabled unjustified practices to 

develop, which affect the performance of most projects. Ojo et al. (2006) affirmed this by 

revealing that this segregation often increases the duration of a project from conception 

to project closeout, which increases the project cost. 

2.3.2 Public private partnership approach 

The failure and criticism of the traditional method to provide cost effective and 

sustainable highway project delivery has resulted in consideration of alternative 

approaches capable of accommodating these constraints (Abiodun, 2017, Ojo et al., 2006, 

Bansal, 2012). Research has shown that the performance of the projects in terms of cost 

effectiveness will be improved by bundling the overall process and finding an alternative 

way to finance the projects (Abiodun, 2017, Adamu et al., 2015, Babatunde et al., 2010). 

This can be achieved by involvement of the private sector because the burden of funding 

on the public sector will be relieved. It is thus emphasized that the evolution of PPP will 

result in improved cost performance of highway projects (Babatunde et al., 2010). PPP is 

an approach to project delivery which is based on the full participation of the private 

sector, where the bundling of the process (and sometimes operation and maintenance 

functions and the inclusion of the finance element) is at the core of the philosophy 

(Adamu et al., 2015, Abiodun, 2017, Ojo et al., 2006, Bansal, 2012). Hardcastle and 

Boothroyd (2003) defined PPP as a “contractual agreement between a public sector 

agency and private sector concern, whereby resources and risks are shared for the purpose 

of delivering a public service or for developing public infrastructure”. In utilizing PPP in 

highway construction, the private sector consortium (which involves one or more entities 

working together) is described as a “special purpose vehicle” (SPV). The SPV provides 

the functions of designing, building, financing and operating the highways on behalf of 

the public sector, with the mode of recouping the investments dependent on the 

contractual agreement (Olugbenga and Taiwo, 2016, Abiodun, 2017). It was further 

asserted that one of the main benefits of adopting this model is the sufficiency in funding 
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which has been reported to be one of the main obstacles hindering successful project 

delivery under the traditional model (Adamu et al., 2015).  

The PPP approach has been successfully adopted globally. For example in Australia, 

Europe, North America, and South Africa. It was first introduced in the United Kingdom 

(UK) in 1992, with the aim of ensuring private sector involvement and sustainable 

highway project delivery (Olugbenga and Taiwo, 2016). Bansal (2012) revealed that the 

key elements that separates the traditional and PPP models are the finance element and 

the operation and maintenance of the facility by the private sector entity for a certain 

contractual period. However, despite the successes of PPP in highway project delivery 

globally, many projects have had a record of non-performance. In Nigeria, even though 

the first PPP highway project (Lekki-Epe highway) financed by Lagos state government 

was deemed a tremendous success (mainly due to political support of the enforcement of 

the regulatory and institutional frameworks governing PPP), projects at the Federal 

government level have failed to achieve the much needed benefits of this innovative 

model. Abiodun (2017) revealed that the Nigerian Federal government has failed to 

provide a single highway project using this approach. The most economically important 

highway project in Nigeria (the Lagos-Ibadan highway project), which was initially based 

on a PPP agreement, was regarded as a failure due to numerous challenges from both 

public and private sector stakeholders (Ekott, 2012, Agande, 2012, Makinde, 2018, 

Olowoopejo and Akoni, 2018). 

2.4 Overview of the Concept of Cost Overrun in Construction Projects: General 

Construction Projects 

Cost overrun remains one of the serious problems that is facing the construction industry 

all over the world, irrespective of geographical location, though with slight differences in 

the magnitude and attributable causes (Flyvbjerg et al., 2018, Anigbogu et al., 2019). 

Developing countries, including Nigeria, are more vulnerable, partly due to dishonest 

practices which have a great effect on the initial estimates of projects and account for 

about 10-30% of the value of a single construction contract, based on a report by the 

World Bank (World Bank, 2012). This also affects the socio-economic development of a 

country, because it hampers governments’ ability to invest in new public projects (Ahmad 

et al., 2019), and thus and jeopardises public confidence in the ability of governments to 

deliver critical infrastructure projects (Flyvbjerg et al., 2003, Love et al., 2015b). The 

inability to achieve the cost target can affect project team members and thus create 

mistrust among them (Anyanwu et al., 2017). In the UK construction industry, one of the 
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most commonly referenced reports on the cost performance of the construction sector (the 

Egan Report of 1998) showed that over 50% of projects exceeded their initial projected 

budget (Egan, 1998). Also, as reported in the United States of America (USA) by the 

General Accounting Office 1997, 77% of construction projects exceeded their budget and 

thus experienced significant cost overruns (GOA, 1997). Furthermore, a report by the 

National Audit Office 2012, revealed that the cost of the London Olympic Stadium 

increased significantly: from £2.4 billion in 2005 to about £8.9 billion in 2010 (NOA, 

2012). Some of the most notable cases of extreme cost overruns documented in 

construction projects in the UK and Australia, as recounted by Ahiaga-Dagbui and Smith 

(2014c), are presented in Table 2-1. 

Table 2-1: Notable cases of extreme cost overrun in construction projects 

Project Location Estimated Cost 

(in millions) 

Final Cost 

(in millions) 

% 

Overrun 

Sydney Opera House Australia A$7 A$102 1357 

NatWest Tower UK £14 £115 667 

Scottish Parliament UK £195 £414 113 

British Library UK £142 £511 260 

Source: Ahiaga-Dagbui and Smith (2014c) 

Cost overrun has been described by several researchers (such as Flyvbjerg et al. (2003), 

Gkritza and Labi (2008), Cantarelli et al. (2012c), Ahiaga-Dagbui and Smith (2014b), 

Love et al. (2015a), Anyanwu et al. (2017), and Flyvbjerg et al. (2018)) as the discrepancy 

between the final actual cost and the original contract cost of a project. However, the 

fundamental distinction in the definition is the baseline of the initial estimate considered 

by the authors within the project implementation process i.e. baselines at the time of the 

formal decision to build, project definition, or contract award. 

Ahiaga-Dagbui and Smith (2014b) defined cost overrun as the difference between the 

final cost at project completion and cost at project definition. They argued that many 

changes take place and more information becomes available between the conception stage 

and project definition stage, due to the long delays that large public projects are subjected 

to before project approval.  

A more realistic definition was provided by Gkritza and Labi (2008), Love et al. (2015a), 

Anyanwu et al. (2017), and described cost overrun as the difference between the contract 

value (i.e. the contract amount agreed by the client and the contractor during the signing 

of the contract) and the actual construction cost at the practical completion of the project.  
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Accordingly, Flyvbjerg et al. (2003) described cost overrun as the variation in cost 

between the final detailed cost estimate that was available at the time a decision is made 

to build, and the total cost at the time the project was completed. Similarly, Cantarelli et 

al. (2013b) described cost overrun as the difference between the actual construction cost 

and the projected cost, expressed as a percentage of the projected cost. Cantarelli et al. 

(2013b) further remarked that actual cost is the overall cost of construction when the 

project is completed, and estimated cost is the projected cost at the time the decision is 

made whether or not to implement the project, based on the information available to the 

decision makers. Flyvbjerg et al. (2003) refer to it as the “Time of formal decision to 

build” or “Decision date” or “Go decision”. However, it was argued by Love et al. (2013) 

that availability of limited information about the project at the decision to build stage, as 

advocated by Flyvbjerg et al. (2003), will result in inaccurate budgets and subsequent 

changes in scope. Furthermore, using the initial budget will certainly be misleading and 

consequently lead to a cost which is overinflated and that cannot account for the new 

project’s characteristics and the changed scope (Love et al., 2013). Based on the definition 

provided by Flyvbjerg et al. (2018), “cost overrun is the amount by which actual cost 

exceeds estimated cost, with cost measured in the local currency, constant prices and 

against a consistent baseline”.   

Moreover, Cantarelli et al. (2013b) opined that changes in project costs vary with stages 

of the project development. They described cost overrun during the various project 

development phases and explained that cost overrun at the pre-construction stage is 

measured as the variation between the forecasted cost at the start of construction and 

forecasted cost at the decision date, expressed as a percentage of the forecasted cost at the 

decision date. On the other hand, cost overrun in the construction stage is measured as 

the variation between the final construction cost and the forecasted cost at the time of 

start of construction, expressed as a percentage of the forecasted cost at the start of 

construction. Figure 2-4 presents the process of determining cost overrun based on the 

different stages of project development. 
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Figure 2-4: Development process of infrastructure construction projects: How to 

determine cost overrun 

Adapted from Love et al. (2013) 

Most cost overruns occur at the earlier stages of project development, due to erroneous 

decision making and disregard for valid and well-defined scope. Lundman (2011), 

Cantarelli et al. (2013b) and Torp et al. (2016) reported that crucial decisions are usually 

made at the early stages on the type of project, source of project finance, and procurement 

strategy to be used in project delivery. This was further buttressed by the findings of 

Lundberg et al. (2011) and Lind and Brunes (2015), that most cost overruns occurred at 

the early planning stages, despite minor cost overrun at the later stages of procurement 

and construction. Similarly, Flyvbjerg et al. (2004), Ahiaga-Dagbui and Smith (2014b) 

and Torp et al. (2016) reiterated the importance of the early stages, as major decisions 

that define the project are made and they are very difficult to reverse once the project has 

been approved and is underway.  

2.5 Drivers of Cost Overruns in General Construction Projects: Global 

Construction Industry 

There are a number of different ways in which countries can be classified. The most 

broadly conventional term for classifying countries is as either developed or developing 

(United Nations Development Programme), but other terminologies are also used, such 

as: emerging and advanced economies (World Bank), and high income and low/ middle 

income countries (International Monetary Fund) (Gbadamosi, 2018). The World Bank’s 

classification of countries is based on estimates of gross national income (GNI) per capita. 

Previous World Bank publications might have referred to this as gross national product, 

or GNP. The GNI is gross national income converted to international dollars, using 
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purchasing power equivalence rates. An international dollar has the same purchasing 

power over GNI as a US dollar has in the United States. The GNI per capita is also used 

as input to the Bank’s operational classification of economies, which determines their 

lending eligibility. The most current World Bank Income classifications by GNI per 

capita are as follows: $1,005 or less for low income economies; lower middle income 

with GNI per capita of $1,006 to $3,955; upper middle income with $3,956 to $12,235; 

and high-income economies with a per capita income of $12,476 or more (World Bank, 

2018). 

2.5.1 Developed Countries  

The earliest study on assessing the performance of transportation projects was conducted 

by Wachs (1989). The study was based on a desk study with stakeholders such as 

consultants, planners, and government officials involved in transportation planning in the 

US, in order to identify the reasons why cost overruns persist. The findings revealed a 

systematic pattern of highly erroneous and misleading estimates, which is beyond 

technical inefficiency or honest mistakes. Wachs (1989) argues that estimates were 

systematically distorted in order to gain support and funding for most transportation 

projects, and thus concluded that forecasters intentionally underestimate and misrepresent 

the cost of projects in order to secure approval and funding from the decision makers; 

Wachs (1989) did consider the possibility of technical errors, scope changes, inflation, 

and delay. However, Flyvbjerg et al. (2018) discounted this claim and argued that 

technical issues such as scope changes are a consequence of cost underestimation due to 

deceitful and dishonest behaviour of project sponsors. Similar findings were reported in 

a study of 91 infrastructure projects (58 rail and 33 fixed link projects) by Flyvbjerg et al. 

(2003) and Flyvbjerg (2007), which suggest that cost overrun is primarily caused by 

strategic misrepresentation (deception) and optimism bias (delusion). Also, a study of 23 

rail projects in the Netherlands by Cantarelli et al. (2012c) reported similar findings, and 

found cost overrun to be prevalent at the pre-construction stage; they argued that the cost 

estimates used by decision makers to obtain project and funding approval are misleading 

and erroneous. Furthermore, it was found that project size, project type, geographic 

location, and length of implementation phase all influenced the significant cost overruns 

experienced in the projects (Flyvbjerg et al., 2003, Flyvbjerg et al., 2004, Cantarelli et al., 

2012c, Cantarelli et al., 2012a).  

Lovallo and Kahneman (2003) attribute the systemic cost overruns to a psychological 

phenomenon called “planning fallacy”, which is a form of cognitive bias whereby people 
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make decisions based on delusional confidence rather than on reasonably weighting the 

gain, losses and probabilities attached to a project. In such a situation, due to the 

availability of limited resources (which creates a competitive environment and pressure 

from within the organisation), people underestimate costs and overestimate benefits. They 

reluctantly generate scenarios of success and overlook the potentials for mistakes and 

miscalculations. Thus, the stakeholders responsible for planning and promoting projects 

pursue projects that are unlikely to come in on budget or on time, or even to deliver the 

expected returns. However, faced with a serious challenge of limited available resources, 

an optimistic short-term forecast is usually favoured and prevails over an accurate long-

term forecast. Furthermore, Lovallo and Kahneman (2003) explicated that most people 

tend to exaggerate their professional and personal attributes and abilities (talent, skills 

and abilities), and quickly take credit for positive outcomes of events, while attributing 

failure of projects to unforeseen external events such as inflation or unfavourable weather.  

Lee (2008) carried out a study of 23 completed social overhead capital projects in South 

Korea, based on available project data, which comprised 16 rail, 2 airport and 5 port 

projects, and revealed scope change, construction delays, unreasonable estimation and 

adjustment of project costs, and no practical use of earned value management systems as 

the causes of the cost overruns.  

A study of social infrastructure projects identified that design errors contribute greatly to 

increased project costs, due to the presence of errors termed ‘pathogens’ in the project 

environment. These become evident when significant mistakes occur, and result in 

omission errors, which may lead to rework and/ or safety incidents which can contribute 

significantly to cost increases of construction projects (Love et al., 2012). It was further 

revealed that errors in design, and omissions that are usually contained within contract 

documents, contribute as much as 50% of a construction project’s cost overrun (Love et 

al., 2013). Despite being critical of Flyvbjerg et al. (2003) and Flyvbjerg (2007), they 

acknowledge that biased human behaviours may lead to the development of the latent 

pathogens, because of flawed decision making by top management earlier in the project 

development process. Also, a study on understanding the impact of change orders on the 

public sector and contractors’ financial performance in Australia, by Love et al. (2017), 

revealed that change orders during construction contribute to a large percentage of the 

increase in cost of the projects. 
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Ahiaga-Dagbui and Smith (2014b) opined that cost performance of complex construction 

projects can be very difficult and affected by several cost influencing factors. These 

include: technical inaccuracy in estimation, managerial ineffectiveness, unstable ground 

conditions, project scope changes, fluctuation in prices of materials and poor estimation, 

plus underestimation because of cognitive biases such as: risk aversion, the Kruger-

Dunning effect, optimism bias, and strategic misrepresentation. These factors tend to 

work collectively to drive down the true cost of the projects during the early stages, 

generating an incorrect and unreliable estimate and target to reach; the authors concluded 

that cost underestimation and cost overrun should be categorised differently. It shows that 

underestimating the true cost of a project will result in cost overrun. Furthermore, 

adopting best practice i.e. a more realistic and innovative approach to tender selection, 

will improve cost performance of construction projects.  

2.5.2 Developing Countries 

The disrepute of construction projects in terms of cost performance is more significant in 

developing countries, where construction projects sometimes twice exceed their original 

estimates (Durdyev et al., 2012).  

✓ Nigeria 

In several studies over the years, Okpala and Aniekwu (1988) examined the causes of 

high costs of construction in Nigeria, based on responses from 192 construction 

professionals in the southern part of Nigeria. The study found that the key drivers of cost 

overrun were: price fluctuations in materials, lapses in the management of human and 

material resources, shortages of building materials, methods of financing and payment of 

completed works, and poor contract management. Later, Elinwa and Buba (1993) studied 

the causes of cost overruns in construction projects in Nigeria, based on a survey of 110 

construction personnel from contractor, consultant and client organisations in northern 

Nigeria, and found that the three most significant factors were: material costs, instability 

in the prices of materials (fluctuation), and fraudulent practices and kickbacks. Similarly, 

Ameh et al. (2010) studied the underlying causes of cost overruns in 53 

telecommunication projects in Nigeria, and revealed that the key factors were: 

inexperience of the contractor, high cost of construction materials and fluctuation in 

material prices, frequent design changes, and fraudulent practice and kickbacks. Odediran 

et al. (2012) investigated the influencing factors of cost overruns in the Nigerian 

construction industry and identified increases in material costs, inaccurate materials 
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estimation and underestimating of project costs, and scope changes as the most significant 

factors.  

✓ Saudi Arabia 

In Saudi Arabia, a study of factors that contribute to construction costs indicated that the 

main causes of cost overruns are: cost of construction materials, poor planning, previous 

experience with the contract, contract management, and poor financial control on site 

(Bubshait and Al-Juwairah, 2002). Also, Alghonamy (2015) investigated the causes of 

cost overruns and their importance in construction projects in the Northern Province of 

Saudi Arabia, based on contractors’ viewpoints. The study found that the key driving 

factors were: bid award for lowest price, frequent changes in design, improper project 

planning, long periods between design and time of implementation, and delay in 

payments to contractors.  

✓ Ghana 

Frimpong et al. (2003) examined the causes of delay and cost overrun in groundwater 

projects in Ghana, based on rankings provided by professionals (projects owners, 

contractors, and consultant organisations). The study identified that the five main cost 

overrun factors are: poor contractor management, difficulties in monthly payments from 

agencies, procurement of materials, poor technical performances, and increase in prices 

of materials. However, they emphasised that the most significant challenge was the 

difficulty that public agencies face in terms of monthly payments to contractors. Also, 

Famiyeh et al. (2017) assessed the factors that impact upon the performance of publicly 

funded educational projects in Ghana, based on the responses from 60 stakeholders 

involved in the projects. The study found that: difficulty in finance experienced by the 

client, payment delays to contractors by client, frequent changes in design, poor 

communication between parties, poor project planning, poor financial management on 

site by contractor, and fluctuation in material prices were the most critical challenges that 

impacted the cost performance of projects. They concluded that ensuring strict adherence 

to best practices throughout the project delivery process will ensure that such challenges 

are mitigated, and the success of the projects achieved. 

✓ India 

Iyer and Jha (2005) conducted a study to investigate factors affecting cost performance 

in the Indian construction industry, based on 112 samples, and found that the main causes 

of cost overrun were: conflict among project participants, ignorance and lack of 

knowledge, presence of poor project specific attributes, nonexistence of cooperation, 
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hostile socio-economic and climatic conditions, reluctance to make timely decisions, 

aggressive competition at tender stage, and short bid preparation time.  

✓ Palestine 

A study on the factors affecting performance of construction projects in the Gaza Strip 

revealed the major causes of cost overrun to be: material shortage, late procurement of 

materials and equipment, fluctuation of material prices due to border closure, delay in 

progress payment, differentiation of currency prices, rework, poor cost control, poor site 

management, poor communication and coordination between stakeholders, inadequate 

planning and scheduling, errors in design documents, project complexity, and delay in 

design approval (Enshassi et al., 2009).  

✓ Jordan 

In Jordan, Sweis et al. (2013) examined the factors causing cost overrun in public 

construction projects using a questionnaire survey of 30 engineers in the public and 

private sector, and the evaluation of a report into 57 public construction projects. The 

findings revealed that the major factors causing cost overruns are: design changes, delays 

by government, severe weather conditions, lack of experience of the project type, and 

project location. Also, Bekr (2015) investigated the causes of cost overruns in 

construction projects based on professionals’ perspectives. The study found that the most 

significant factors were: schedule delay, frequent design changes, changes and additional 

works at the owner’s request, mistakes and errors in design, inadequate planning and 

scheduling, inflation/ price fluctuations, changes in the scope of work by the owner, 

incomplete drawings/ detailed design at the time of tender, shortage of skilled site 

workers, construction mistakes, and defective works. 

✓ Malaysia 

Rahman and Memon (2013) studied the cost overrun factors in large construction projects 

in Malaysia by analysing 262 samples, and found that fluctuation in prices of materials, 

cash flow and financial difficulties faced by contractor, and poor site management and 

supervision were the three key factors that caused cost overrun. Amongst these, two were 

categorised as contractor site management related factors, and one was a finance related 

factor. Also, Memon and Abdul Rahman (2013) studied the causes of cost overrun in 

large construction projects in Malaysia from the contractors’ perspective by modelling 

using the partial least square approach. The findings were similar to those of Rahman and 

Memon (2013), which revealed that cost overrun was a result of the contractors’ site 

management related factors, such as poor site management and supervision. 
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✓ Afghanistan 

Niazi and Painting (2017) reported that construction cost overrun is the most significant 

problem facing all stakeholders involved in a project, i.e. suppliers, subcontractors, 

contractors, and clients. The study identified the significant factors of construction cost 

overruns in Afghanistan, using a pilot interview and questionnaires based on a sample 

size of 55, and identified the main causes that possibly result in construction cost overruns 

as: corruption, delay in progress payments by client, difficulties in financing project by 

contractors, security, changes to the order by the owner during construction, and market 

inflation. 

✓ Pakistan 

Azhar et al. (2008) investigated the causes of cost overrun in the construction industry of 

Pakistan, based on a questionnaire survey, and revealed that the top ten causes were: 

fluctuation in prices of materials, unstable cost of manufactured materials, high cost of 

plant and equipment, lowest bidder contract award, poor site management, delays 

between design and construction phases, incorrect cost estimation method, additional 

work, poor project planning, and unfavourable government policies. Also, Akram et al. 

(2017) explored the key causal factors of cost overrun in public sector projects based on 

responses from stakeholders involved in the development of projects. The study found 

that: inadequate planning and scheduling, fluctuation in prices of materials, insufficient 

fund provision by the client, inaccurate cost estimates, delays in payment by the client, 

clients’ financial difficulties, additional works, poor financial control on site, delays in 

decision making, and frequent design changes were the top factors causing project cost 

overrun. 

✓ Egypt 

A regression-based model was also developed by El-Kholy (2015), by comparing the 

predictive capacity of the regression-based model with a cased based reasoning model for 

similar data sets derived from 30 projects in Egypt. The findings revealed that the 

regression model had a better accuracy level to predict the likely cost overrun in 

construction projects. Also, the model revealed that there is a strong linear relationship 

between percentage of cost overrun and 11 significant factors that cause cost overrun. 

These causes are: financial condition of the owner, cash flow of the contractor, method 

of procurement (open tender or selective tender), material cost increase due to inflation, 

competition at tender stage (aggressive or not), fluctuations in the currency with which 

the payment will be made, project size (small or large), delay in design and approval, risk 
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retained by client for quantity variations, drawings (detailed or not), and inaccurate 

material estimating. 

✓ Asia 

Park and Papadopoulou (2012) examined the causes of cost overrun in transport 

infrastructure in Asia. Data from 35 transport infrastructure projects in 11 countries 

(Malaysia, South Korea, Thailand, Taiwan, India, Vietnam, Bangladesh, Pakistan, 

Singapore, Hong Kong, and Sri Lanka) within the Asian continent was analysed, together 

with 145 questionnaire responses from construction professionals. It was observed from 

the survey analysis that the five most significant factors are: contract award to the lowest 

bidder, inadequate site investigations, unforeseen site conditions, inadequate pre-

construction study, and inaccurate estimates. Also, from the analysis of data from the 35 

heterogeneous projects, there was a moderate correlation between cost overrun and size 

of the project, as both small- and large-scale projects experienced cost overruns.  

Therefore, Table 2-2 presents and ranked the identified drivers of cost overruns in 

construction projects based on the number of sources. For instance, fluctuation in price 

of materials is ranked first (1st) based on the highest number of sources. 

Table 2-2: Summary of drivers of cost overruns in general construction projects: 

Global construction industry 

S/No Drivers Sources Ranking 

1 Fluctuation in price of 

materials 

(Ahiaga-Dagbui and Smith, 2014b, Rahman and 

Memon, 2013, Okpala and Aniekwu, 1988, Elinwa 

and Buba, 1993, Ameh et al., 2010, Frimpong et al., 

2003, Enshassi et al., 2009, Odediran et al., 2012, 

Azhar et al., 2008, Famiyeh et al., 2017, Akram et al., 

2017, Bekr, 2015) 

1st 

2 Poor project planning (Bubshait and Al-Juwairah, 2002, Enshassi et al., 

2009, Azhar et al., 2008, Famiyeh et al., 2017, 

Alghonamy, 2015, Akram et al., 2017, Bekr, 2015) 

2nd 

3 Delay (Niazi and Painting, 2017, Enshassi et al., 2009, 

Sweis et al., 2013, Azhar et al., 2008, El-Kholy, 2015, 

Bekr, 2015) 

3rd 

4 Changes in design (Sweis et al., 2013, Ameh et al., 2010, Famiyeh et al., 

2017, Alghonamy, 2015, Akram et al., 2017, Bekr, 

2015) 

3rd 

5 Inflation (Enshassi et al., 2009, Niazi and Painting, 2017, 

Azhar et al., 2008, El-Kholy, 2015, Bekr, 2015) 

4th 

6 Inaccurate estimates (Ahiaga-Dagbui and Smith, 2014b, Odediran et al., 

2012, Park and Papadopoulou, 2012, El-Kholy, 2015) 

5th 

7 Optimism bias (Flyvbjerg, 2007, Cantarelli et al., 2013b, Lovallo and 

Kahneman, 2003, Ahiaga-Dagbui and Smith, 2014b) 

5th 

8 Poor site management and 

supervision 

(Rahman and Memon, 2013, Enshassi et al., 2009, 

Azhar et al., 2008, Memon and Abdul Rahman, 2013) 

5th 

9 Material cost (Ameh et al., 2010, Elinwa and Buba, 1993, Bubshait 

and Al-Juwairah, 2002, El-Kholy, 2015) 

5th 

10 Poor financial control on 

site 

(Bubshait and Al-Juwairah, 2002, Enshassi et al., 

2009, Famiyeh et al., 2017, Akram et al., 2017) 

5th 
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11 Strategic misrepresentation (Ahiaga-Dagbui and Smith, 2014b, Flyvbjerg et al., 

2003, Wachs, 1989) 

6th 

12 Design errors (Love et al., 2012, Enshassi et al., 2009, Bekr, 2015) 6th 

13 Corruption (Elinwa and Buba, 1993, Niazi and Painting, 2017, 

Ameh et al., 2010) 

6th 

14 Scope changes (Singh, 2010, Akram et al., 2017, Bekr, 2015) 6th 

15 Change orders (Niazi and Painting, 2017, Love et al., 2017, Bordat et 

al., 2004) 

6th 

16 Poor contract management (Okpala and Aniekwu, 1988, Bubshait and Al-

Juwairah, 2002, Frimpong et al., 2003) 

6th 

17 Poor resource management (Frimpong et al., 2003, Okpala and Aniekwu, 1988, 

Enshassi et al., 2009) 

6th 

18 Finance and payment of 

completed works 

(Frimpong et al., 2003, Enshassi et al., 2009, Famiyeh 

et al., 2017) 

6th 

19 Contract awarded to lowest 

bidder 

(Park and Papadopoulou, 2012, Azhar et al., 2008, 

Alghonamy, 2015) 

6th 

20 Underestimation (Ahiaga-Dagbui and Smith, 2014b, Odediran et al., 

2012) 

7th 

21 Rework (Love et al., 2012, Enshassi et al., 2009) 7th 

22 Inexperience of contractor (Ameh et al., 2010, Sweis et al., 2013) 7th 

23 Cash flow and financial 

difficulty faced by the 

contractor 

(Rahman and Memon, 2013, El-Kholy, 2015) 7th 

24 Poor coordination and 

communication 

(Enshassi et al., 2009, Famiyeh et al., 2017) 7th 

25 Delay in payment to 

contractors 

(Alghonamy, 2015, Akram et al., 2017) 7th 

26 Geographical location (Flyvbjerg et al., 2003, Cantarelli et al., 2012a) 7th 

27 Length of implementation 

phase 

(Cantarelli et al., 2012c, Flyvbjerg et al., 2004) 7th 

28 Project type (Flyvbjerg et al., 2003, Cantarelli et al., 2012c) 7th 

29 Unpredictable weather 

condition 

(Iyer and Jha, 2005, Sweis et al., 2013) 7th 

30 Incomplete studies before 

approval 

(Park and Papadopoulou, 2012) 8th 

31 Unforeseen events (Park and Papadopoulou, 2012) 8th 

32 Project complexity (Enshassi et al., 2009) 8th 

33 Unstable ground condition (Ahiaga-Dagbui and Smith, 2014b) 8th 

34 Managerial ineffectiveness (Ahiaga-Dagbui and Smith, 2014b) 8th 

35 Incorrect method of 

estimation 

(Azhar et al., 2008) 8th 

36 Unfavourable government 

policy 

(Azhar et al., 2008) 8th 

37 Shortage of materials on 

site 

(Okpala and Aniekwu, 1988) 8th 

38 Inadequate site 

investigation 

(Park and Papadopoulou, 2012) 8th 

39 Conflict between project 

parties 

(Iyer and Jha, 2005) 8th 

40 Insecurity (Niazi and Painting, 2017) 8th 

41 Project size (Cantarelli et al., 2012c) 8th 
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2.6 Drivers of Cost Overrun in Highway Infrastructure Projects: Global Context 

Many studies on highway projects have reported huge cost overruns with numerous 

causes and have been consistent over the years (Creedy et al., 2010).   

✓ Global Studies 

The Flyvbjerg et al. (2003) and Flyvbjerg (2007) study on transport infrastructure projects 

suggest that cost overrun is mainly caused by strategic misrepresentation (deception) and 

optimism bias (delusion). The study argues that approved funding to projects are based 

on erroneous decisions and misleading cost estimates. For certain projects to be approved 

and funded, project sponsors and forecasters deliberately underestimate costs and risks of 

a project, and exaggerate the anticipated benefits, knowing full well that, by the time the 

truth emerges, the projects would have gone too far along and be difficult to cancel. 

Equally, sometimes it could be as a result of forecasters’ overconfidence about the 

possible outcome of a project, due to cognitive bias or pressures from within the 

organisation to manipulate the cost estimates (Flyvbjerg et al., 2018). In this instance, the 

projects are framed to present the encouraging benefits, thereby making them appear more 

attractive, and downplaying the occurrence and severity of the likely risks (Lovallo and 

Kahneman, 2003, Ahiaga-Dagbui and Smith, 2014b). Furthermore, Flyvbjerg et al. 

(2003) and Flyvbjerg et al. (2004) studied cost overrun with respect to project type, 

project size, length of project implementation phase, and the type of project ownership. 

The studies found that cost overrun is strongly influenced by the location of the projects 

and the length of the project implementation phase, and that the scope of the projects had 

increased with time. It was also revealed that, in the case of highways, projects size did 

not influence cost increase. 

A report in the Washington Post in 2014 by Olivio and Shaver (2014) revealed that 

William Ibbs, a professor of construction management at the University of California at 

Berkeley, who has vast experience in transportation projects worldwide (including 

America’s most ambitious infrastructure project, Boston’s “Big Dig” highway-tunnel 

project, which was $12 billion (421%) over budget when it finished nine years behind 

schedule in 2007), concurs with Flyvbjerg et al. (2003) that public officials often 

deliberately manipulate the initial cost estimates of projects in order to help get projects 

started. His statement reads, “I am not saying they are committing fraud, but let’s say 

they are overly optimistic…. They will get the work going and then the public will be 

reluctant to cancel a project because they have spent all this money so far”. Similarly, 

Willie Brown, the Mayor of San Francisco, is reported in the San Francisco Chronicle in 
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2013 as saying that public officials often present unrealistic estimates about a project just 

to get projects approved and get started, and once the projects have moved ahead and the 

truth emerges, it is quite difficult to turn back from the project (Brown, 2013). It is argued 

that, if technical factors were responsible, then the budgeting process would have 

improved over time, because forecasters gain more experience; also, the difference 

between initial and final estimates would not be one sided and consistent, rather the errors 

would go both ways: some projects would be over-budget and some other projects would 

be under-budget (Siemiatycki, 2015, Cantarelli et al., 2012c, Flyvbjerg et al., 2003). On 

the contrary, Singh (2010), reported that the magnitude of cost overruns in infrastructure 

projects in India declined drastically over time, as a result of the increasing experience of 

estimators and public officials responsible for planning and implementation of projects, 

and advances in technology.  

In recent years, PPP as a model for project delivery has increasingly been advocated and 

adopted in many developed (and some developing) countries, as compared to the 

traditional public procurement system, in order to reduce the numerous challenges 

involved in project delivery. It is thus expected that infrastructure projects procured by 

the private sector will have lower cost overrun than publicly procured projects (Love et 

al., 2015b). This has been affirmed by the findings of several studies, which show superior 

performance of PPP projects over the conventionally procured projects. The Iacobacci 

(2010) and Chasey et al. (2012) studies revealed lower cost overrun in highway projects 

in Canada and the US. Grimsey and Lewis (2007) also cited several studies conducted in 

the UK on PPP projects, which reported lower cost overruns. Contrastingly, Blanc-Brude 

et al. (2009) and Singh (2010) found that PPP procured highway projects were built at a 

higher cost than traditional publicly procured projects, i.e. on average 24% higher. 

Similarly, Rajan et al. (2014) developed a regression-based model to estimate the impact 

of utilising the PPP model on 145 (42 PPP and 103 non-PPP) highway projects in India, 

and revealed that PPP projects experienced higher cost overruns compared to non-PPP 

projects. These findings revealed that project size, poor planning, and contractual failures 

appeared to have caused the increase in cost of the PPP projects. 

✓ Europe 

A statistical analysis between estimated and actual cost of 620 highway projects in 

Norway was conducted by Odeck (2004) in order to determine the magnitude of cost 

overrun, and the impact that different variables had on the cost overruns. It was revealed 
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that project specific factors such as: duration of the project, project location, estimated 

cost at contract award, and project size all contributed to cost overruns.  

Jenpanitsub (2011) analysed data of 167 Swedish transport projects (including 102 

highway projects) completed between 1997 and 2009. The data was obtained from a 

government database. The study was to assess whether cost overrun varied with project 

type, year of project completion, and size of the project. It was revealed that project type 

and project size influenced cost overrun, as small highway projects experienced larger 

cost overruns. Also, cost overrun was constant over the 13-year period of the study. The 

findings are similar to those of other studies, such as Odeck (2004),  Creedy et al. (2010), 

and Huo et al. (2018). In another study of Swedish infrastructure projects, Lind and 

Brunes (2015) conducted a survey using a questionnaire on 230 experienced professionals 

from the private and public sector in Sweden, in order to develop a framework for 

analysing cost overruns. They found that cost overrun mostly occurred at the pre-

construction stage, and was usually influenced by: changes in design, increase in the 

amount of input or resources needed due to technical and administration complications, 

increase in prices of materials, lack of competence, optimism bias, and deception. It was 

concluded that if any cost overrun should occur at a later stage, i.e. the construction stage, 

then it could be due to errors in bid documents, and inefficiency in the procurement 

method used. 

Cantarelli et al. (2013b) conducted a study to determine the characteristics of cost overrun 

in Dutch large-scale transport infrastructure projects (including highways), and to 

investigate the stage that is most vulnerable to cost overrun. They observed that cost 

overruns are caused by strategic misrepresentation and optimism bias, and not by 

technical errors as suggested by other studies of a more technical and engineering 

dimension. They argued that accuracy should have improved if it was due to 

imperfections in estimating techniques, because of the adoption of improved methods and 

improved data availability. Also, during the project development, the pre-construction 

stage experienced higher cost overruns, possibly due to: inappropriate estimates, 

estimates prepared with minimum detail, over optimism in preparing estimates, and 

deliberately manipulated estimates. In support, Welde and Odeck (2017) deduced that 

cost overrun is greater at pre-construction stage than at the implementation stage, which 

may lead to inefficient allocation of resources and possible choice of suboptimal projects. 

The importance of the early stage of project development has been emphasised by 
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Ahiaga-Dagbui and Smith (2014b) and Torp et al. (2016), because decisions made at this 

stage define the project, and once the project proceeds it becomes very difficult to reverse.   

Cantarelli et al. (2012a) and Cantarelli et al. (2012c) investigated the influence of project 

size, project type, length of implementation phase, and geographical location on cost 

overrun, using data from 78 infrastructure projects (including 37 highway projects) in the 

Netherlands from 1984-2009. The studies found that cost overruns were strongly 

influenced by these project characteristics: project size, type of project, length of 

implementation phase, and geographical location. Small highway projects had the largest 

cost overrun, and length of implementation phase (particularly at the pre-construction 

phase) was a main determinant of cost overrun, possibly due to delay. Highway projects 

were particularly vulnerable to cost overrun, with other infrastructure projects performing 

better. Similarly, Verweij et al. (2015) analysed 45 transportation projects, including 

highways, in the Netherlands, in order to investigate the existing relationship between 

cost overrun and the bids submitted by contractors, and also the reasons why most 

transportation projects exceed their budgets. It was found that the main reasons were: 

scope changes, errors and omissions in contract documentation, and technical challenges 

due to inadequate geotechnical examination. Similar to other studies in the Netherlands, 

smaller projects exhibited larger cost overruns, due to errors and omissions in the 

contracts. 

Torp et al. (2016) analysed data from 16 Norwegian highway projects, to establish the 

relationship between cost overrun and the length of project implementation phase. It was 

found that the length of the project implementation phase did not influence cost overrun, 

and the pre-construction phase was the most vulnerable to cost overrun. 

Sarmento and Renneboog (2016) used data from 243 public investment infrastructure 

projects (including highways) in Portugal, completed from 1999-2012, to statistically 

analyse and evaluate the determinants of cost overrun. They found that project size 

affected cost performance of infrastructure projects, implying that larger projects (due to 

their more complex nature and longer duration of delivery) experience higher cost 

overruns. Similarly, the projects completed in election years experienced particularly 

significant cost increases, which further affirms the suspicions of Flyvbjerg et al. (2018): 

that politics influences the decision making process, and corruption is also likely to be a 

factor influencing increases in project costs.  
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Corruption is regarded globally as an obstacle to the development of developing 

countries, and also to socio-economic improvement in developed countries (World Bank, 

2012). In an effort to explore the possibility of corruption being a reason for poor project 

cost performance, Locatelli et al. (2017) investigated infrastructure projects in Italy, e.g. 

the TAV “ Treno ad Alta Velocita” programme, and  compared them with other 

infrastructure projects globally. They opined that the cost performance of Italian 

infrastructure projects is worse than in other countries (for example Flyvbjerg et al. 

(2003), Odeck (2004), and Cantarelli et al. (2013b)), and suggested that systematic 

corruption may be the reason for the inefficiencies and underperformance of 

megaprojects during the project developmental process. However, they acknowledged 

that, using the adopted methodological approach, they could not be certain, as there was 

no statistical correlation between corruption and poor project performance. 

✓ North America 

Hinze et al. (1992) analysed 468 Washington Department of Transport (WSDOT) 

completed projects from 1985-1989, with the aim of identifying the causal factors of cost 

overrun. The data was analysed to establish the correlation between cost overrun and 

other project variables, such as project size, project type, and number of bidders. The 

study found that cost overrun rate tended to be larger as the project size increased, due to 

the complexity of the projects. In addition, large numbers of bidders tended to increase 

the cost overrun due to increased levels of competition and strategic behaviours of 

contractors to underestimate the project cost so as to succeed in winning the contract. A 

similar study was conducted by Bordat et al. (2004) to statistically analyse the extent of 

cost overruns in Indiana Department of Transport (INDOT) projects from 1996-2002. 

The findings of the study revealed that contract bid amount, project size, and project 

location all influenced cost overrun. Similarly, using data from 1957 Indiana highway 

projects, Gkritza and Labi (2008) investigated the frequency and magnitude of cost 

overrun based on certain project characteristics (contract bidding process, project type, 

and the project physical environment). The findings revealed that project size and length 

of implementation phase both have a significant influence on cost overruns, revealing that 

large projects tend to have larger cost overrun. Furthermore, the study revealed that the 

attributable factors of cost overruns originate from the preliminary phases of the project, 

which they termed as root causes. Such factors include: inaccuracy in project cost 

estimates, error in design, project delay, changes in scope, unexpected site conditions, 

increased costs of materials and labour largely due to inflation, and/or unforeseen events.  
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✓ Asia  

Lee (2008) carried out a study of 138 completed highway projects in South Korea, based 

on available projects data. The findings of the study revealed that cost overruns were the 

result of: projects scope changes, construction delays, unreasonable estimation and 

adjustment of project cost, and no practical use of earned value management systems. 

However, there was no statistical basis for the findings. 

Singh (2010) studied the extent, causes and remedies of delays and cost overruns in 

infrastructure projects in India, using a database of 894 completed projects from 17 

infrastructure sectors, of which 157 were highway projects. The findings revealed that the 

causes of cost overrun were: poor estimates, scope changes, unsuitable soil conditions, 

incomplete information, poor project planning, poor contract documentation, 

environmental regulation approval, and government regulation approval and delay. 

However, delay was observed to be the most crucial factor, due to inflation, because most 

projects were estimated based on the price at that moment. Furthermore, it was revealed 

that the length of construction period influenced cost overrun, implying that cost overrun 

increases as the construction period increases. In an earlier study by Morris (1990) on the 

analysis of 290 public projects in India, it was found that cost overrun is influenced by 

the size of the projects. Other factors include: poor project design and implementation, 

inadequate project funding, and lack of coordination between project parties. Wanjari and 

Dobariya (2016) investigated the causal factors of cost overrun in Indian highway 

projects, based on responses from construction professionals. The statistical analysis 

revealed that the three top factors were: price escalation of raw materials, delay in planned 

activity, and lack of adequate coordination between the construction parties. Furthermore, 

Pai et al. (2018) conducted a study on the key factors of cost overruns in PPP based 

highway projects in India. The findings were based on the analysis of 53 responses from 

stakeholders involved in highway projects, and they showed that the key factors were: 

delay in land acquisition, cash flow issues during construction, financial mismanagement 

by contractors, improper project planning, and changes in scope of projects. 

In Asia, one of the world’s largest market for construction projects due to the boost in 

investment on transport infrastructure projects, Park and Papadopoulou (2012) examined 

the causes of cost overrun in transport infrastructure in Asia. Data on 35 transport 

infrastructure projects, including 7 highway projects, from 11 countries (Malaysia, South 

Korea, Thailand, Taiwan, India, Vietnam, Bangladesh, Pakistan, Singapore, Hong Kong, 

and Sri Lanka) within the Asian continent was analysed, together with 145 questionnaire 
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responses from construction professionals. It was observed from the survey analysis that 

the five most significant factors that cause cost overruns are: contract award to the lowest 

bidder, inadequate site investigations, unforeseen site conditions, inadequate pre-

construction study, and inaccurate estimates. Also, from the analysis of data from the 35 

heterogeneous projects involving 7 highway projects, there was a moderate correlation 

between cost overrun and size of the project, as both small- and large-scale projects 

experienced cost overruns. However, the small sample size of 145 questionnaires and 35 

projects (7 highways) from the whole of Asia, means that little can be inferred from these 

findings. 

A more recent study, conducted by Andrić et al. (2019), investigated the cost performance 

and causes of cost overrun in infrastructure projects in Asia (east region, south region, 

central region and south east region), with the aim of comparing with other global studies. 

A similar approach to that taken by other global studies, such as Flyvbjerg et al. (2003), 

Flyvbjerg et al. (2004), Odeck (2004), Cantarelli et al. (2012a), Cantarelli et al. (2012b), 

Cantarelli et al. (2012c) and Huo et al. (2018), was adopted. The analysis was based on 

data from 102 infrastructure projects (58 highway projects), and it found that the key 

causes of cost overruns were: increased cost of resources (construction materials, 

equipment, and labour), construction works (such as complex site condition and scope 

changes), changes in design specifications, land acquisition and compensation, and 

unstable exchange rates. Furthermore, the study examined the correlation between certain 

project characteristics such as: project size, length of implementation phase, geography, 

type of project and cost overrun. The findings revealed that project size, length of 

implementation phase, and geography all had a significant influence on the cost 

performance of the infrastructure projects. 

Wijekoon and Attanayake (2013) examined the causes of cost overrun in highway 

projects in Sri Lanka, using a questionnaire survey. Based on the analysis of the 44 

responses from stakeholders involved in highway projects, the most significant factors 

revealed were: project delay due to utilities relocation, delay in making payments to 

contractors, changes in design, price increase, and problems acquiring land for the road 

projects.  

Nasir et al. (2011) used literature review and a questionnaire survey based on 37 samples 

to investigate key factors of cost overrun in highway projects in Pakistan. The results of 

the study showed that factors like: delay in making payment to contractors, poor project 

planning, problems with land acquisition, price increases, inaccurate estimates, and scope 
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changes had severe effects on cost performance. However, the sample sizes were small, 

which calls into question the representativeness of the problem associated with highway 

projects. Pakistan has been struggling with terrorism and instability in many regions, 

which has significantly impacted on infrastructure in the affected areas. On this basis, 

emphasis was given to the affected areas in terms of the share of developmental projects. 

However, these projects faced numerous challenges, one of which was cost overrun. Zafar 

et al. (2016) conducted an analysis of the factors causing cost overrun in highway projects 

in the terrorism affected areas of Pakistan. The study was based on questionnaire survey 

responses and analysis from stakeholders involved in the provision of this infrastructure. 

The study found that: a lack of qualified contractors willing to operate within the region, 

the project location, abandonment of plant and equipment due to a series of threats, 

complex site conditions, and inadequate site investigation due to security threats were the 

main challenges impacting on the cost performance of highway projects. Likewise, Sohu 

et al. (2017a) and Sohu et al. (2017b) adopted a questionnaire survey and analysis based 

on responses from stakeholders with significant experience, involved in a highway project 

development in the Sindh province of Pakistan. The study found that: delay in making 

payment to contractors, poor project planning, poor contract management, design 

changes, delay in decision making, scope changes, and financial and cash-flow 

difficulties faced by the client were the most significant causes of cost overrun. Also, 

Sohu et al. (2018) investigated the contributory cost overrun triggers in highway projects 

in Pakistan, based on questionnaire survey. The results suggested that the key triggers of 

cost overrun were: slow information exchange between parties, change in prices of 

materials, delay of design, poor site management, delay in decision making, and financial 

and cash-flow difficulties faced by the client. 

In order to determine whether the factors which caused cost overrun in Hong Kong 

differed from the worldwide study, Huo et al. (2018) used a similar statistical approach 

to the one adopted by Flyvbjerg et al. (2003) to study the relationship between cost 

overrun and some project characteristics (project size, project type, and length of 

implementation phase), using data from 57 infrastructure projects (including 18 highway 

projects) in Hong Kong. The findings revealed that cost overruns in highway projects are 

influenced by: project size, project type, and length of implementation phase. It was 

demonstrated that smaller scale road projects experienced higher cost overruns than large 

scale projects, and road projects were least vulnerable to increases in costs. The 

preconstruction stage was shown to incur the largest overruns. Furthermore, the findings 
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revealed that cost performance had not improved over time, which suggested that strategic 

misrepresentation in the form of scope changes, and optimism bias, were strong indicators 

of cost overruns, rather than project management related factors. 

✓ Middle East 

A regression-based model was developed by Mahamid (2013), based on the data from 74 

highway projects, in order to investigate the effects of project characteristics on cost 

overrun in the West Bank, Palestine. He found that all the evaluated projects experienced 

cost overrun, which suggested that highway projects were vulnerable to poor project cost 

performance. Furthermore, a similar finding was found from analysis of the responses of 

stakeholders involved in highway infrastructure, which found that project size (among 

other factors) had the highest impact on cost overrun. In a more recent study, Mahamid 

(2018) examined the factors that impact on cost performance and labour productivity in 

highway projects in the West Bank, Palestine. Based on the analysis of questionnaire 

responses from stakeholders, it was found that the most significant factors that impacted 

upon cost performance were: awarding the contract to the lowest bid price, poor planning 

of the project, and financial status of the client. A similar approach was adopted by 

Mahamid and Bruland (2011) to assess the causes of cost overrun in highway projects in 

the West Bank from the perspective of the consultant. Questionnaires were developed 

from the literature and discussions with stakeholders, using a 5-point Likert scale. The 

retrieved questionnaire data was analysed using the index analysis method i.e. an 

importance index to identify the key cost overrun factors and found that, the top factors 

were: materials price fluctuation, insufficient time for estimate, experience in contracts, 

size of contract, and incomplete drawings. 

Al-Hazim and Abusalem (2015), and Al-Hazim et al. (2017) analysed reports on 40 public 

infrastructure projects between 2000 and 2008, and discussions with stakeholders, and 

identified several responsible factors. Based on the findings, the most significant factors 

were: poor ground conditions due to difficulties reaching the site, poor weather 

conditions, change orders, unavailability of labour, and design error. 

Alhomidan (2013) developed a questionnaire to examine the key cost overrun factors in 

Saudi Arabia from the perspective of the contractor. The questionnaire was based on 41 

factors, identified based on a detailed literature review; they were categorized into six 

groups and distributed amongst professionals within the contracting firms, to assess the 

severity and frequency of each of the cost overruns drivers. The key drivers were: internal 
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administrative problems, payments delay, poor communication between construction 

parties, and delays in decision making. 

✓ Australia 

Highway projects in Australia have also been plagued by massive increases from the 

initial budgeted costs of the projects. Using data from 231 Queensland highway projects, 

constructed between 1995 and 2002, in order to identify the causes of cost overruns, 

Creedy et al. (2010) identified 10 factors and used expert opinion to rank the relative 

importance of each factor. The findings revealed that design changes and changes in 

scope were the highest contributors to cost overruns in the analysed highway projects. 

Furthermore, there was no statistical relationship of cost overrun and the project size, or 

geographic location. Love et al. (2015a) analysed 49 publicly procured highway projects, 

and revealed that scope changes, and errors and omissions in contract documents were 

repeatedly identified as the main drivers of cost overrun. It was further revealed that there 

was no statistical relationship between the project size and cost overruns. Similarly, 

Terrill and Danks (2016) of the Grattan Institute, Australia, were prompted to conduct a 

study due to the prevalence of poor performance in highway projects. Their findings were 

based on the analysis of 421 highway projects. They found: overoptimistic initial cost 

estimates, poor management and contracting practices, and scope changes during project 

development; however, they argued that scope changes accounted for just 11% of the 

total cost overruns of Australian highway projects. 

✓ Africa 

Kaliba et al. (2009) investigated the main causes and effects of cost escalation and 

schedule delays in highway construction projects in Zambia between 2006 and 2007. The 

findings of their study revealed that reasons for cost overrun are: unfavourable weather, 

change in scope of projects, environmental issues, schedule delays, civil unrest, pressure 

from government at a local level, technical difficulties, and inflation. They further 

suggested that the use of efficient project management tools and techniques would 

improve cost performance.  

Akoa (2011) conducted a study in Cameroon to examine the causes of cost and time 

overrun in infrastructure projects, based on the analysis of 84 questionnaire survey 

responses from various stakeholders involved in highway projects. The findings of the 

study revealed that the five most significant causes of cost overrun are: poor site 

conditions, insufficient technical studies, poor project planning, optimism bias, and lack 

of adequate equipment. Furthermore, the influence of project size, project type, and type 
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of ownership on cost overrun was investigated using data from 394 infrastructure 

projects, and this revealed that all of these project specific factors influenced cost overrun. 

In Ghana, using a questionnaire survey with a sample size of 34, Chileshe and Danso 

Berko (2010) identified: delay in making payments to contractors, scope changes, and 

inflation as some of the most significant factors causing cost overrun in highway projects.  

A highway project (the Northern by-pass project in Kampala) experienced cost overrun 

in excess of 100%. Alinaitwe et al. (2013) conducted a study based on the analysis of 

questionnaire survey responses from stakeholders involved in public projects in Uganda 

and used a case study of civil aviation authority projects to validate the results. The study 

found that: scope changes, payment delays to contractors, poor project monitoring and 

control, and high inflation and interest rates were the five most significant factors of cost 

overrun. 

Using a sample size of 42 professionals involved in highway projects in Namibia, Shimete 

and Wall (2017) revealed that cost overrun does not occur in isolation, and therefore 

affirmed similar findings in other African countries. Specifically: scope changes, 

contractor inexperience, contractors’ cash flow and financial difficulties, inaccurate 

estimates, and poor project planning were reported to be the most significant factors.   

Belachew et al. (2017) studied the causes of cost overrun in Federal highway projects in 

Ethiopia, based on questionnaire survey. The respondents’ evaluations of each of the rated 

factors were analysed using percentage of maximum score method, and the Cronbach 

alpha test, to identify the top-rated factors. The findings revealed that the key factors 

were: material price fluctuations, cost underestimations, delays in supply of raw 

materials, inadequate review of contract documents, and lack of coordination. 

El-Maaty et al. (2017) adopted a fuzzy triangle function in order to examine the 

effectiveness degree of factors causing cost overruns, based on the questionnaire survey 

responses of stakeholders (i.e. client, consultant and contractor) involved in highway 

projects in Egypt. The findings of the study revealed that the most significant factors 

were: poor project planning and execution, inadequate planning for the project cost and 

lack of following up cost during the execution of the project, poor communication 

between project stakeholders, price increase of construction materials, and lack of proper 

technical study by the contractor before tendering for the project. Analysis of the survey 

responses of 59 stakeholders involved in highway projects in Egypt confirmed the 

prevalence of cost overrun. The study found several significant determinants of cost 
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overrun, including: poor communication between parties, poor contract documentation, 

increase in price of construction materials, and obsolete equipment on site (Akal et al., 

2017).  

Therefore, Table 2-3 presents and ranked the identified drivers of cost overruns in 

highway projects based on the number of sources. For instance, project size is ranked first 

(1st) based on the highest number of sources. 

Table 2-3: Drivers of cost overrun in highway infrastructure projects 

S/No Drivers Sources Ranking 

1 Project size (Cantarelli et al., 2012c, Huo et al., 2018, Hinze et al., 1992, 

Sarmento and Renneboog, 2016, Mahamid, 2013, Jenpanitsub, 

2011, Odeck, 2004, Akoa, 2011, Rajan et al., 2014, Shrestha et 

al., 2013, El-Kholy, 2015, Morris, 1990, Verweij et al., 2015, 

Gkritza and Labi, 2008, Andrić et al., 2019, Mahamid and 

Bruland, 2011) 

1st 

2 Scope changes (Chileshe and Danso Berko, 2010, Nasir et al., 2011, Kaliba et 

al., 2009, Creedy et al., 2010, Terrill and Danks, 2016, Lee, 

2008, Love et al., 2015a, Verweij et al., 2015, Shimete and 

Wall, 2017, Gkritza and Labi, 2008, Alinaitwe et al., 2013, 

Sohu et al., 2017b, Sohu et al., 2017a, Pai et al., 2018) 

2nd 

3 Increase in price of 

materials 

(El-Kholy, 2015, Wijekoon and Attanayake, 2013, Nasir et al., 

2011, Akal et al., 2017, Lind and Brunes, 2015, El-Maaty et 

al., 2017, Gkritza and Labi, 2008, Andrić et al., 2019, Wanjari 

and Dobariya, 2016, Belachew et al., 2017, Sohu et al., 2018, 

Mahamid and Bruland, 2011) 

3rd 

4 Poor project 

planning 

(Nasir et al., 2011, Singh, 2010, Akoa, 2011, Rajan et al., 2014, 

El-Maaty et al., 2017, Shimete and Wall, 2017, Mahamid, 

2018, Sohu et al., 2017b, Pai et al., 2018, Sohu et al., 2017a) 

4th 

5 Error in design and 

contract 

documentation 

(Singh, 2010, Akal et al., 2017, Siemiatycki, 2009, Morris, 

1990, Love et al., 2015a, Verweij et al., 2015, Gkritza and 

Labi, 2008, Mahamid and Bruland, 2011, Belachew et al., 

2017) 

5th 

6 Length of 

implementation 

phase 

(Odeck, 2004, Cantarelli et al., 2012c, Flyvbjerg et al., 2004, 

Huo et al., 2018, Shrestha et al., 2013, Singh, 2010, Gkritza 

and Labi, 2008, Andrić et al., 2019) 

6th 

7 Inaccurate estimate (Park and Papadopoulou, 2012, Singh, 2010, Nasir et al., 2011, 

Lee, 2008, El-Kholy, 2015, Shimete and Wall, 2017, Gkritza 

and Labi, 2008, Belachew et al., 2017) 

6th 

8 Project delay (Wijekoon and Attanayake, 2013, Nasir et al., 2011, Kaliba et 

al., 2009, Singh, 2010, Lee, 2008, El-Kholy, 2015, Gkritza and 

Labi, 2008, Wanjari and Dobariya, 2016) 

6th 

9 Type of project 

delivery 

(Grimsey and Lewis, 2007, Iacobacci, 2010, Love et al., 

2015b, Sarmento and Renneboog, 2016, Chasey et al., 2012, 

Singh, 2010, Rajan et al., 2014) 

7th 

10 Delay in payment 

to contractors 

(Alinaitwe et al., 2013, Chileshe and Danso Berko, 2010, Sohu 

et al., 2017b, Wijekoon and Attanayake, 2013, Nasir et al., 

2011, Alhomidan, 2013, Sohu et al., 2017a) 

7th 

11 Unsuitable 

ground/site 

conditions 

(Park and Papadopoulou, 2012, Singh, 2010, Akoa, 2011, Al-

Hazim and Abusalem, 2015, Al-Hazim et al., 2017, Gkritza 

and Labi, 2008, Zafar et al., 2016) 

7th 

12 Poor 

communication 

and coordination 

between parties 

(Morris, 1990, Akal et al., 2017, El-Maaty et al., 2017, Wanjari 

and Dobariya, 2016, Alhomidan, 2013, Belachew et al., 2017, 

Sohu et al., 2018) 

7th 

13 Project type (Flyvbjerg et al., 2003, Cantarelli et al., 2012c, Huo et al., 

2018, Jenpanitsub, 2011, Akoa, 2011, Bordat et al., 2004) 

8th 
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14 Geographical 

location 

(Cantarelli et al., 2012a, Flyvbjerg et al., 2003, Odeck, 2004, 

Bordat et al., 2004, Zafar et al., 2016, Andrić et al., 2019) 

8th 

15 Poor site 

investigation 

(Park and Papadopoulou, 2012, Akoa, 2011, El-Maaty et al., 

2017, Amadi and Higham, 2017, Zafar et al., 2016, Sohu et al., 

2018) 

8th 

16 Strategic 

misrepresentation 

(Cantarelli et al., 2012c, Flyvbjerg et al., 2003, Huo et al., 

2018, Lind and Brunes, 2015) 

9th 

17 Optimism bias (MacDonald, 2002, Terrill and Danks, 2016, Lind and Brunes, 

2015, Akoa, 2011) 

9th 

18 Design changes (Wijekoon and Attanayake, 2013, Creedy et al., 2010, Lind and 

Brunes, 2015, Sohu et al., 2017a) 

9th 

19 Contractors and 

client cash flow 

difficulties 

(Shimete and Wall, 2017, Sohu et al., 2018, Pai et al., 2018, 

Sohu et al., 2017a) 

9th 

20 Inflation (Chileshe and Danso Berko, 2010, Kaliba et al., 2009, El-

Kholy, 2015, Alinaitwe et al., 2013) 

9th 

21 Delay in decision 

making 

(Alhomidan, 2013, Sohu et al., 2018, Sohu et al., 2017a) 10th 

22 Poor contract 

management 

(Terrill and Danks, 2016, Sohu et al., 2017b, Sohu et al., 

2017a) 

10th 

23 Unfavourable 

weather 

(Kaliba et al., 2009, Al-Hazim and Abusalem, 2015, Al-Hazim 

et al., 2017) 

10th 

24 Land acquisition 

problems 

(Wijekoon and Attanayake, 2013, Nasir et al., 2011, Andrić et 

al., 2019) 

10th 

25 Corruption (Sarmento and Renneboog, 2016, Locatelli et al., 2017) 11th 

26 Change order (Al-Hazim and Abusalem, 2015, Al-Hazim et al., 2017) 11th 

27 Lack of adequate 

equipment 

(Akoa, 2011, Akal et al., 2017) 11th 

28 Environmental 

issues 

(Kaliba et al., 2009, Singh, 2010) 11th 

29 Exchange rates (Andrić et al., 2019) 12th 

30 Poor project 

funding 

(Morris, 1990) 12th 

31 Civil unrest (Kaliba et al., 2009) 12th 

32 Financial 

mismanagement by 

contractor 

(Pai et al., 2018) 12th 

33 Delay in supply of 

construction 

materials 

(Belachew et al., 2017) 12th 

 

2.7 Drivers of Cost Overruns in Highway Infrastructure Projects in Nigeria 

In a study to examine the causes of cost overruns in highway projects in Nigeria, 

Mansfield et al. (1994) remarked that the major causes of cost overrun were attributed to: 

finance and payment of completed works by the client, inaccurate estimates, poor contract 

management, and fluctuation in prices of materials. In addition, the Nigerian construction 

industry is faced with human and management problems. The study concluded that, in 

order to improve cost performance, adequate phasing of projects and the use of a variety 

of forms of contract is required. Omoregie and Radford (2006) conducted an experimental 

survey on the causes and effects of delay and cost escalation on infrastructure projects in 

Nigeria, based on the data and findings documented by Mansfield et al. (1994). The study 

identified the major causes of cost overruns as: price fluctuation, financing and payment 



Chapter 2- Concept of Cost Overruns in General Construction and Highway Projects  

46 
 

of completed works, poor contract management, delay and unsuitable ground conditions, 

inaccurate estimates, design changes, fraudulent practices and kickbacks, and shortage of 

materials. Oyewobi et al. (2011) reaffirmed the issue of dishonesty and fraudulent 

practices by revealing that the impact of corruption and kickbacks on project delivery 

(which dramatically increases the overall cost and affects the quality of the projects) is 

quite appalling and requires serious intervention.  

Furthermore, Mansfield et al. (1994) and  Omoregie and Radford (2006) attributed the 

significant increase in the prices of materials to high inflationary trends and increased 

project durations: due to the lengthy delays encountered in most publicly funded projects 

in Nigeria and other developing economies. This is buttressed by a study conducted in a 

developing country (India) by Morris (1990), which found an average cost overrun of 

82%, and revealed that 20-25% of the cost overrun was attributed to price escalation, 

partly due to inflation during lengthy delays in the implementation of public sector 

projects in developing countries, whereas the complementary 75 -80% was attributed to 

lack of adequate project planning and technical challenges, such as changes in scope. 

Leo-Olagbaye and Odeyinka (2018) conducted a study on the risk factors affecting the 

financial performance of highway projects in Osun state, Nigeria. Using a sample size of 

115 experienced professionals, involved in about 34 highway projects, the study found: 

changes in scope, defective design, changes in initial project design, delay in the 

availability of design information, and adverse weather conditions to be the most 

significant risk factors. Furthermore, the study attributed these challenges to inadequate 

project planning, and suggested that project stakeholders should focus more on the 

various identified risks and devise proactive measures to mitigate such risks. Likewise, 

Akoh (2018) conducted a study on the performance of highway projects, based on a 

questionnaire survey buttressed by interviews. The data analysis of the survey responses, 

and analysis of interviews with major stakeholders involved in the development of key 

economic highway projects across Nigeria, revealed that: project funding challenges, 

project delay, changes in government, political influence, exchange rate fluctuations, 

corruption, and inflation were the top risk factors. Anigbogu et al. (2019) examined 

questionnaire responses from stakeholders involved in highway infrastructure 

development in Federal Capital Territory, Nigeria, using a variant of the index analysis 

method (relative importance index), complemented with analysis of project documents 

and interviews, in order to identify the key driving factors. The study found that: inflation, 

fluctuation of prices, exchange rate, and government related issues like changes in 
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policies, variation, delays in payment, design changes, corruption, and unforeseen ground 

conditions were the key contributory causes.  

Errors and omissions in contract documents have been reported in the literature as 

significant contributors to poor financial performance in highway projects in developed 

countries (Love et al., 2015a). However, these problems are also prevalent in developing 

countries, including Nigeria, partly due to weak institutional structures and procurement 

processes. Dosumu et al. (2017) conducted a study to identify the causes of errors in 

contract documents in Southwestern Nigeria and revealed that errors in contract 

documents (caused largely by the failure of public sector clients to adequately plan 

projects) were the main triggers of cost overruns, which eventually affect the overall 

financial performance of publicly funded projects. Furthermore, the study revealed that, 

once an error is identified, it becomes imperative for the client to review the documents, 

because of flawed planning at the onset. Similarly, Ayodele (2017) revealed that 

inadequate project planning by the public clients remained one of the main reasons for 

the existence of significant errors in documentation in highway projects, because of 

uncertainties and mistakes in the designs and estimates. The study found that the practice 

in Nigeria is that the clients do not place much emphasis on planning before embarking 

on project design and execution.  

Amadi (2016) analysed several studies and observed that the most consistent challenge, 

reported to be responsible for the particularly dismal financial performance of most 

publicly funded projects in Nigeria, was inadequate project funding. To support this, 

Amadi and Higham (2017) attributed the problem of poor project performance in most 

highway projects in the Niger Delta region to funding challenges (encountered by most 

projects) and poor financial management. Oyedele (2015) and Amadi and Higham (2017) 

linked this to dishonest behaviour of project administrators in the public sector and its 

agencies, and a lack of political will. This is very much the same problem across the 

country, because all highway projects (irrespective of the region) are financed and 

managed by the Federal government or its subsidiary public sector agencies (Okon, 2009, 

Ihuah and Benebo, 2014). A report by Okon (2009) revealed that the majority of the 

projects (accounting for 74% of all publicly funded highway projects in the Niger Delta 

region initiated between 2001 and 2008) were never completed, and were thus abandoned 

due to funding shortfalls, which were found to be linked to the dishonest practices of 

highway agencies administrators and political manipulation. Equally, Amadi and Higham 

(2017) conducted a study to assess the possibility of geotechnical risk factors as the 
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possible drivers to cost overruns in highway projects in the Niger Delta region of Nigeria. 

The study found evidence that ground condition problems in the region were a key 

contributor to cost overrun. Reports have shown that the majority of highway projects in 

Nigeria (including projects in other geographic regions) experience this distinctive 

challenge. This is evidenced in a report by the Niger Delta Development Commission 

(NDDC) on the likelihood of difficult geological conditions in the region being the main 

trigger for cost overruns, because in most cases projects are embarked upon without 

adequately conducting the requisite geotechnical investigations (NDDC, 2016).  

Local Nigerian literature has also revealed the factors responsible for cost overruns which 

are peculiar most regions of Nigeria, since the projects follow similar procurement 

processes and the factors are evident in most publicly funded projects (Njoku and 

Nnabugwu, 2013). The factors include: lack of skilled personnel and technical expertise, 

inadequate preliminary site investigation, errors in contract documents (particularly due 

to design and specification errors), gross underestimation of project cost, and most 

importantly adverse weather conditions (Youdeowei, 2013, Okon, 2009, Amadi and 

Higham, 2017). However, Okon (2009) attributed that the Niger Delta region experienced 

more cost overruns than any other region in Nigeria, due to the nature of the physical 

landscape of the region, which has been buttressed by Amadi and Higham (2017).  

2.8 Explanation of the Cost Performance Challenges in Highway Infrastructure 

Projects: Nigerian Context 

Highway projects in Nigeria are infamous for exceeding their planned cost and duration. 

It has become a “rule rather than exception” as quoted by Flyvbjerg et al. (2003) due to 

its ubiquitous nature. Several highways, all over the country, have significantly exceeded 

their estimated costs (Njoku and Nnabugwu, 2013, FMW&H, 2019). For instance, many 

projects in Nigeria have been reported to have experienced cost overruns ranging from 

23.6% to about 199%, as demonstrated in Table 2-4. 
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Table 2-4: Magnitude of cost overruns in some selected highway projects in 

Nigeria 

 
Source: FMW&H (2019) 

The literature has revealed that, due to the uniqueness and complex nature of highway 

infrastructure, it is affected by a plethora of factors, which are geographically dependent. 

Despite that, the non-performance of highway projects is a global problem: Nigeria is not 

an exception. However, developing countries have been found to be at the forefront with 

regards to cost underperformance in highway projects, due to weak institutional and 

governance structures, and also over reliance on public sector clients in the provision of 

this infrastructure. On this basis, the Lagos-Ibadan, Kano-Maiduguri, Abuja-Lokoja, 

Otoucha-Ibaji-Odulu-Ajegwu, Lokoja-Benin highway projects and many more, have 

faced a myriad of challenges since they were conceived for redevelopment over a decade 

ago (FMW&H, 2019). Numerous reports and studies have looked into the trajectory of 

issues and events that resulted in key highway projects overrunning their costs despite 

significant public sector commitment. 

For instance, Njoku and Nnabugwu (2013) reported, in a reputable newspaper (the 

Vanguard) in 2013, on a review of public sector financed highway projects in Nigeria, 

and were able to capture the challenges confronting such projects. Their report revealed 

that cost increases were attributable to: inadequate project funding, ambiguous scope, 

inaccurate estimates, design changes, scope changes, increases in price of materials, 

project delays, poor project planning, poor site investigation, and poor design and 

specification. Of these, inadequate project funding was regarded as the most challenging 

issue, due to the inability of the government to release project funds. After analysing 

several studies in Nigeria, Amadi (2016) reaffirmed that the most consistent challenge 

reported to be responsible for the depressing financial performance of most publicly 
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funded projects in Nigeria was inadequate project funding. In a similar report (Kigbu, 

2015), the most worrying of the various challenges was the inadequacy of budgetary 

provision for most highway projects, and the Lagos-Ibadan highway project in particular 

considering its economic importance, and the consequence was an increase in the cost of 

resources due to economic uncertainties e.g. inflation.  

The procurement method used for public highway project provision in Nigeria, which is 

predominantly the traditional model, has been found to be less effective in terms of 

successful delivery of highway projects (Dim et al., 2018). Because of this, most publicly 

procured highway projects are beset by issues that are related to design inefficiencies, 

which result in defects and eventually rework to rectify the problem (CBN, 2003). On 

this, Njoku and Nnabugwu (2013) mentioned that most of the public highway projects 

are awarded and approved for construction without adequate planning. For example, a 

country assessment report by the World Bank in 2000 (referred to by Dim et al. (2018)) 

revealed that about 50% of public highway projects were doomed to fail at the onset, 

because they were poorly planned and designed to fail. Kigbu (2015) asserted that the 

government usually rushed to fast track the award of most highway projects in the country 

without detailed planning and design, which will eventually require the project sponsors 

to make changes when they have more reliable and clearer information. On this issue, 

Dosumu and Adenuga (2013) concurred that ensuring adequate planning of key projects 

would help to minimise the risk of having an ambiguous project scope, and revealed that 

adequate project planning would unravel the hidden uncertainties which could then be 

accommodated for in the overall plan, through adequate provision of contingencies and 

mitigation measures.  

Akoh (2018) and Kigbu (2015) revealed that project delay is one of the most significant 

factors affecting the performance of highway projects in Nigeria; it is often related to 

contractors leaving the site because of delays in their payment. Furthermore, Akoh (2018) 

argued that, when a project is subject to a lengthy delay, the basic cost of construction 

materials (such as bitumen, diesel and reinforcement), energy, labour, and equipment will 

significantly rise: due to unstable market forces such as inflation. For instance, 

Aderibigbe (2018) quoted a public official saying, “How these things work is that, when 

the Federal Executive Council (FEC) comes up with its approval, it takes about two weeks 

for the council to pass such approvals to the ministry and it is only when we get the 

extracts that we can formally write to the contractor”, and this affects how long it takes 

before the contractor can access the approved funds. Additionally, Akoh (2018) and 



Chapter 2- Concept of Cost Overruns in General Construction and Highway Projects  

51 
 

Kigbu (2015) recounted that the contractors usually request further review of the contract 

terms, to take into cognisance the rise in prices of both materials and labour arising from 

the extended construction period. For example, some key projects, such as: Kano-

Maiduguri (section I: Kano-Wudil-Shuari), Kano-Maiduguri (section II: Shuari-Azare), 

Abuja-Abaji-Lokoja (section I: International airport link road junction- Sheda village 

junction), Lagos-Shagamu-Ibadan (section I: Lagos-Shagamu), Lokoja-Benin (section 

III, phases I Auchi-Ehor; Obajana junction-Benin) and Otoucha-Ibaji-Odulu-Ajegwu 

road: Ibaji section), have been lingering for close to or more than a decade, and have 

achieved just over 48.53%, 56.47%, 88.95%, 45.46%, 22.82% and 38.19% progress rates 

respectively, with consistent contract reviews (FMW&H, 2019). 

Amadi and Higham (2018) acknowledged that, despite the impact geotechnical issues 

have on the financial performance of highway projects, other issues related to governance 

and project execution are equally prevalent, which suggests that there are no established 

standard criteria which clearly explain how highway projects are procured and executed, 

and revealed that they are mainly conceived and executed arbitrarily on an ad hoc basis, 

which is largely determined by pressure from political and social angles. This further 

creates an environment in which projects are poorly planned, without adequate 

commitment towards ensuring that all the necessary ethical, social and developmental 

issues, and professional practices are adhered to. Furthermore, Amadi and Higham (2018) 

ascribe that, within the wider context of highway project development in Nigeria, 

inadequate project planning is regarded as one of the main determinants of poor financial 

performance, which has a serious effect on the production of the requisite contract 

documents. Additionally, inadequate project planning will eventually lead to inadequacy 

in the provision of funds, delays, and scope changes, because significant challenges will 

be faced during the project execution phase. 

The performance of highway projects is strongly influenced by various biases in human 

behaviours, because of their reliance on the public sector. On this basis, political interest 

in project procurement and funding due to some form of political predisposition (from 

which project promoters tend to benefit either politically or financially), is highly likely. 

For instance, Nigerian Tribune (2018) and Kigbu (2015) reported that interference from 

politicians in parliament had been a serious challenge, which had an overall effect on the 

funding available for critical highway projects such as the Lagos-Ibadan highway project 

among others. A political fracas between the executive arm of the government and the 

parliament in 2017, and the continuous insertion of non-critical constituency projects, 
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have further indicated that the funding challenge will continue to be a serious obstacle in 

ensuring timely and cost-effective delivery of highway projects across the country. This 

is evident from a report on the reduction in the proposed funding in the 2017 budget to 

an inconsequential amount (Punch, 2017). Parliament attributed this reduction in the 

allocated budget to political interests in certain sections of the country. However, the 

executive responded by stating that, “By shaving of the funding for this important 

interstate highway, the National Assembly has succeeded in further squeezing the 

economy and inflicting agony on businesses and thousands of commuters using the 

highway”. Also, it was revealed in several reports (Kigbu (2015), Nnodim (2017) and 

Aderibigbe (2018)) that, due to the unavailability of funds, many if not all Federal 

highway projects had been suspended or abandoned, creating further inevitable delays in 

contractors meeting their deadlines (Kigbu, 2015, Aderibigbe, 2018). El-Rufai (2012) 

revealed project abandonment due to political preference (which is embedded in the 

governance structure), and change in government, as the main contributors to poor cost 

performance of highway projects. For instance, Olufemi (2013) revealed that the 

procurement process which led to the award of the concessionary contract of the Lagos-

Ibadan highway project was embroiled with a highly controversial bidding process and 

political interest towards the selection of the bidder. 

Furthermore, despite the call for the adoption of an innovative and alternative approach 

to effective project delivery, to ensure successful delivery of highway projects across 

Nigeria, the Lagos-Ibadan highway project, for instance, was commissioned through a 

PPP model. However, the project was terminated due to political opposition faced by the 

private investor for not meeting the demand of 20% equity from the state governments, 

and also because the transition in government led to a new administration that strongly 

opposed the project award process (Olufemi, 2013). This termination significantly 

contributed to the inability to achieve significant work progress and increased the cost of 

the project when it was re-awarded (Okafor, 2018, Ochigbo, 2013, Olufemi, 2013). 

Nonetheless, there was also evidence that the private concessionaire could not meet a 

series of agreement deadlines because of: challenges with compensating land and 

property owners, inability to secure the requisite funding, and issues of design. This has 

been reported to have led the new government to eventually rescind the contract 

agreement (Olufemi, 2013, Agande, 2012). 

Furthermore, as reported by Akoh (2018) and El-Rufai (2012), government inconsistency 

due to changes taking place in the political leadership of Nigeria was responsible for most 
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publicly funded projects failing, partly due to policy contradictions. For instance, Olufemi 

(2013) revealed the likelihood of terminating a publicly funded project, because most new 

political stakeholders will eventually abandon vital policies and pursue new priorities due 

to political differences and proclivity. This will have a significant impact in achieving the 

projects’ objectives and increase the project cost. Further to that, Ihuah and Miebaka 

(2014) and Ubani and Ononuju (2013) opined that inconsistencies in government policies 

due to leadership change increase the likelihood of suspending a project, and in the worst 

cases terminating a contract agreement despite significant public sector investment. This 

is buttressed by Ayodele and Alabi (2011), and also in agreement with earlier studies of 

Omoniyi (1996) and Onikute (1988), revealing that projects commenced by previous 

political administrations are often abandoned and sometimes terminated to give way for 

newly conceived priorities due to political reasons. 

Ayodele and Alabi (2011), and Ihuah and Miebaka (2014), revealed that inadequate 

project funding provision in publicly funded projects which are predisposed to political 

interest, impacts on the progress of key projects, which eventually increases the project 

costs due to unstable market forces. This is in consonance with Odeyinka and Yusif 

(1997) that, regardless of the substantial investment, most publicly funded projects 

progress tardily due to inadequate funding provision.  

The power of incumbency in Nigeria plays a role in project procurement and financing, 

particularly if the political leader is politically biased. Akoh (2018) reported the influence 

of a new government on the performance of key projects. It was found that transition in 

the political leadership in Nigeria influenced the preference and importance of projects, 

determining which projects received priority funding. For instance, some key highway 

projects were recently considered critical by the government, and were therefore provided 

with a special funding arrangement which was entirely independent of the government 

budget (Adebayo, 2017, Akoh, 2018). Furthermore, Akoh (2018) found that most 

highway projects, such as Kano-Maiduguri, Abuja-Lokoja, Lagos-Ibadan and many 

others across the country, that were initiated by  different political leaders eventually face 

significant delays, because successive political leaders will have to settle into office and 

it often takes time before normalisation of construction activities. 

2.9 Schools of Thought on Cost Overrun 

The unique, complex, and dynamic nature of construction projects makes them 

predisposed to risk and uncertainty. Each unique project has numerous stakeholders 

involved, all with different objectives towards the project. The construction industry is 
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perhaps one of the most risky industries, with the costs of the project being particularly 

challenging (Ahiaga-Dagbui and Smith, 2014c). Many projects are embarked upon and 

eventually take lesser or longer construction periods depending upon their complexity, 

but most of them exhibit a common problem: they can all go wrong, most especially in 

terms of cost.  

Causes of cost overrun have been attributed to numerous factors, as documented in the 

literature, such as: deception (Wachs, 1989, Cantarelli et al., 2012c, Flyvbjerg et al., 

2003), optimism bias (Flyvbjerg, 2007, Cantarelli et al., 2012c, Lovallo and Kahneman, 

2003), inaccurate estimates (Shimete and Wall, 2017, Nasir et al., 2011, Mansfield et al., 

1994), scope changes (Kaliba et al., 2009, Njoku and Nnabugwu, 2013, Singh, 2010, 

Terrill and Danks, 2016). Various reasons have been cited in the literature as the cause of 

cost overruns in highway projects, which are typically based on the actions and inactions 

of the project stakeholders during a project’s lifecycle, irrespective of the size or location 

of the project. Due to different approaches to data analysis and presentation of different 

studies, it becomes difficult to determine the most significant cost overrun triggers. After 

reviewing several studies on cost overrun triggers, Chidambaram et al. (2012) reported 

that it is difficult to generalize the root causes of cost overrun, because of the uniqueness 

of each study in terms of the adopted approach and how the ranking of the causes was 

done. The study also observed, for instance, that some factors found to be most influential 

in 1995 were no longer as important in 2010. However, the study noted that the factors 

appeared to be country, location and project specific. Also, due to the construction 

practices and methods and planning processes specific to each type of project, it is 

difficult to have common contributory factors of cost overrun (Bhargava et al., 2010).  

Due to the vast number of studies conducted to understand the cost performance of public 

sector infrastructure projects, particularly highways, Love et al. (2016) and Ahiaga-

Dagbui and Smith (2014b) presented two major schools of thought to explain the 

variations in cost performance of infrastructure projects widely discussed by scholars 

such as Wachs (1989), Hinze et al. (1992), Mansfield et al. (1994), Flyvbjerg et al. (2003), 

Bordat et al. (2004), Kaliba et al. (2009), Cantarelli et al. (2012c) and Anigbogu et al. 

(2019) in the literature over the years. Evolution theorists: described as a school of 

thought mainly concerned with changes that evolve during the project development, i.e. 

from inception to completion; and psycho strategists: described as a school of thought 

that advocates psychological contributors (delusion) and business strategy (deception) as 

the main sources of increases in project costs.  
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Evolution theorists, for instance Hinze et al. (1992), Bordat et al. (2004), Kaliba et al. 

(2009) and Love et al. (2017), opine that disparity in cost is mainly due to changes in the 

scope of the project and definition from what was originally planned at inception. They 

contend that projects incur corresponding increases in cost during the project 

development process. Also, the Office of the Auditor General in Western Australia 

revealed that changes in scope are the key contributors to cost overruns in major capital 

projects (Auditor General of Western Australia, 2012). Likewise, Love et al. (2012) 

reported that many actions and events take place during the project development process 

which are unaccounted for at the early stages of the project, due to a dearth of information, 

and as projects evolve this eventually leads to altering the project scope, including design 

changes and subsequently rework, which drives the cost of the project. In essence, 

proponents of this school are of the view that the initial plan at the beginning of any 

project is accurate, and that, as projects evolve through the development process, overruns 

arise because of deviations from the planned scope and estimate. However, this view is 

questioned by Eizakshiri, Chan and Emsely (2011) in Simushi (2017), contending that 

the accuracy of the plan (cost and schedule) initiated at the beginning should not be 

questioned. Furthermore, Flyvbjerg et al. (2003) argue that, if cost increase were as a 

result of technical and managerial issues, then overruns and underruns should have been 

equal. They supported their statement by statistically analysing the cost performance of 

258 infrastructure projects (including 167 highway projects), and reported a consistent 

overestimation of project costs over several years, due to systematic bias from 

psychological and political influences. 

The psycho strategists, such as Wachs (1989), Flyvbjerg et al. (2003), Lovallo and 

Kahneman (2003), Flyvbjerg (2007), Siemiatycki (2009) and Cantarelli et al. (2012c), on 

the other hand contend that cost overruns are due to deception, optimism bias, and 

planning fallacy exhibited when estimating the amount of resources required for the 

delivery of the project at an early stage. In other words, the increase in cost which occurs 

in the later stages of project development is due to inaccurate estimates and 

misrepresentation of the estimate to influence project acceptance and funding. This mind-

set, according to Flyvbjerg et al. (2003), is called Machiavelli’s formula: costs are 

underestimated (-), revenues are overestimated (+), environmental impacts are 

undervalued (-), and development effects are overvalued (+). However, Love et al. (2014) 

criticised the optimism bias and misrepresentation view as an oversimplification of a 
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complex problem, which could potentially lead to an adversarial relationship amongst 

project stakeholders, and could possibly make the public lose trust in the project team.  

2.10 Scale of Cost Overrun 

The magnitude of cost overrun in infrastructure projects has been globally acknowledged 

and reported. Several researchers have found significant, yet common, cost overruns for 

several projects around the world.  

✓ Global 

In a study conducted from a global perspective,  Flyvbjerg et al. (2003) analysed project 

data from 258 infrastructure projects (including 167 highways) across 20 different 

nations. The study found that 9 out of 10 projects overran their budgets with the likelihood 

of 86%. The size of the cost overrun was dependent on the type of project, with an average 

of 44.7% for rail, 20% for highways, and 33.8% for fixed links (bridge and tunnel), with 

an overall mean cost overrun of 32.8%. On average, transportation construction costs 

globally were found to be 28% higher than their initial forecasted costs. However, Love 

and Ahiaga-Dagbui (2018) debunked this finding, stating that it was misleading, 

grounding their argument by referring to a study by Terrill and Danks (2016), which used 

a much larger dataset of 836 transportation projects in Australia. The study revealed that 

most of the projects came closer to their approved cost, i.e. 66% were delivered on budget 

and only 34% had cost overrun.  

✓ Europe 

Cantarelli et al. (2012c) analysed data from 78 infrastructure projects in the Netherlands, 

including 37 highways, 26 rail, and 15 fixed link projects, and revealed an average cost 

overrun of 18.9% for highways, 10.6% for rail, and 21.7% for fixed link projects. The 

findings revealed that projects in the Netherlands perform better compared to the study 

by Flyvbjerg et al. (2003). 

Lundberg et al. (2011) examined data from 102 infrastructure projects in Sweden, and 

reported that smaller projects experienced higher cost overruns than larger projects. The 

study found that the average cost overrun of highway projects was 11.1%. Similarly, 

Jenpanitsub (2011) analysed 102 highway projects and found the same average cost 

overrun of 11.1%, which indicated that highway projects performed better than was 

suggested by the global studies.  

In Portugal, data collected from 243 public sector projects revealed an average cost 

overrun of 36%, which is in line with the global studies. The study noted that project type 
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and duration influenced increases in construction cost, as larger and more complex 

projects experienced larger cost overruns (Miranda and Renneboog, 2017). Contrastingly, 

Odeck (2004) analysed 620 Norwegian highway projects and found that project location 

contributed to cost overrun,  particularly in smaller projects, and suggested that larger 

projects could have been better managed throughout the development process than 

smaller ones. The study revealed an average cost overrun of 7.9%. In a later study, Odeck 

(2014) expanded the sample of his previous study (Odeck, 2004) to 1045 projects, and 

found that cost performance had improved over time with an average cost overrun of 4%. 

Locatelli et al. (2017) reported an average 179% cost overrun, with rail averaging 216% 

and highway 103%, based on analysis of 26 Italian infrastructure projects. It is evident 

that the percentage increase is substantial when compared with analogous infrastructure 

delivered in other countries around the globe.  

✓ North America 

Bordat et al. (2004) posit that the inability of projects to be completed within budget is a 

common trend among the various state departments of transportation in the US. For 

instance, Hinze et al. (1992) analysed 468 WSDOT highway projects, and revealed a 

modest average cost overrun of 4.68%. When compared with other global studies, it could 

be seen that, with a larger sample size, the rate of cost overrun is quite small. Similarly, 

Vidalis and Najafi (2002) studied 708 highway projects in the state of Florida, with a 

combined project cost of $1.9billion, and revealed a considerably higher mean cost 

overrun of 10.52%. Bordat et al. (2004) analysed the data of 2668 projects from INDOT, 

and revealed an average cost overrun of 5.6% for highway projects. A more modest cost 

overrun of 2.65% was reported by Shrestha et al. (2013) based on analysis of 363 public 

sector projects in Nevada, with a combined worth of $1.85billion. 

✓ Asia 

Lee (2008) analysed 161 social overhead capital projects in South Korea, comprising of: 

highways, rail, airports, and ports, and revealed that most of these projects were 

completed above budget. The study found that the mean cost overrun for the projects was 

28%, with rail experiencing larger variance of 48% and highways a modest 11%. 

Park and Papadopoulou (2012) analysed data from 35 diverse transport infrastructure 

projects (harbour and marine, railways, bridges, road and subways) in Asia, covering 11 

countries (Malaysia, South Korea, Thailand, Taiwan, India, Vietnam, Bangladesh, 

Pakistan, Singapore, Hong Kong, and Sri Lanka). The study revealed that the percentage 
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cost overruns ranged from 2.33% to 98.23%, with an average cost overrun for all the 35 

projects of 28.56%. However, examining cost overruns for highway projects alone, some 

averages were: 24.62% in Singapore, 4.10% in Thailand, 8.02% in Malaysia, and 10.9% 

in South Korea. These findings are not dissimilar to those of other global studies. More 

recently, Andrić et al. (2019) analysed 102 infrastructure projects (including 56 

highways) in Asia, covering four regions (eastern, southern, central and south eastern), 

using a similar approach to Flyvbjerg et al. (2003), Odeck (2004), Cantarelli et al. (2012c) 

and Huo et al. (2018), and found an average cost overrun of 9.88%. However, the average 

cost increase of highway projects was found to be 10.4%, which is again not too disparate 

to other global studies.  

The performance of projects delivered by PPP is expected to be superior compared to 

non-PPP, as explicated by Iacobacci (2010), Chasey et al. (2012) and  (Love et al., 2015b). 

However, on the contrary, Rajan et al. (2014) examined 145 highway projects delivered 

using both PPP and the traditional public procurement system in India, and found that the 

average cost overrun of PPP projects was 27.32% compared to 8.43% for non PPP 

projects. 

✓ Australia 

In Australia, Creedy et al. (2010) examined 231 highway projects and determined an 

average cost deviation of 16.3%. Also, Love et al. (2014) analysed 58 infrastructure 

projects in Australia and reported an average cost increase of 13.28%, with 12.49% for 

highways. However, the mean cost overrun was similar to other studies despite the sample 

size. 

✓ Africa 

In Nigeria, Omoregie and Radford (2006) studied transport infrastructure projects and 

revealed an average cost overrun of 14%. However, Anigbogu et al. (2019) analysed 142 

highway projects in the Federal Capital Territory, Abuja, and found an average cost 

overrun of 54.62%. Furthermore, many individual projects in Nigeria have been reported 

to have experienced cost overruns ranging from 23.6% to about 199% (FMW&H, 2019). 

This, when compared with other global studies, shows higher cost overruns, which 

justifies the disrepute of highway project performance in Nigeria. 

✓ Middle East 

Al-Hazim and Abusalem (2015), and Al-Hazim et al. (2017) analysed a sample of 14 

infrastructure projects and revealed a substantial average cost overrun of 214%, which is 
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significantly higher than all other global studies. Despite the limitation due to the low 

number of projects in the sample and lack of any statistical tests to support the findings, 

it is evident that cost overrun is a serious problem affecting highway projects in Jordan. 

On the contrary, Mahamid (2013) found that 74 highway projects in the West Bank, 

Palestine, only experienced an average cost overrun of 16.73%. 

2.11 Mitigating Strategies for Cost Overruns in Infrastructure Projects (Highway) 

As demonstrated in several empirical studies, for instance: Hinze et al. (1992), Flyvbjerg 

et al. (2003), Bordat et al. (2004), Kaliba et al. (2009), Cantarelli et al. (2012c), Love et 

al. (2017) and Anigbogu et al. (2019), cost overrun in highway projects is a serious 

problem globally, with diverse attributable factors. In view of this, two schools of thought 

have been espoused which suggest the need for different response strategies (Ahiaga-

Dagbui and Smith, 2014b). Recalling the views from these two schools, some scholars 

such as Hinze et al. (1992), Bordat et al. (2004) and Kaliba et al. (2009) opine that 

technical challenges evolving during project development account for the cost overrun 

problem, while others such as Wachs (1989), Flyvbjerg et al. (2003), Lovallo and 

Kahneman (2003), Odeck (2004), Flyvbjerg (2007), Siemiatycki (2009), Cantarelli et al. 

(2012c) and Siemiatycki (2015) argue that underestimation of project cost early in the life 

of the project, due to biased human behaviour (optimism bias and strategic 

misrepresentation) best explains the problem. Looking at this, the two views suggest 

different measures. 

2.11.1 Psycho Strategist 

Psycho strategists view cost overruns from a human behavioural perspective, and contend 

that they arise due to inaccuracy in the initial estimate of highway projects, usually caused 

by cost analysts’ and project sponsors’ behavioural attitudes (Flyvbjerg et al., 2009, 

Cantarelli et al., 2012c, Siemiatycki, 2015). Proponents of this school have advocated 

embracing non-technical approaches in order to overcome these biases. For instance, 

Flyvbjerg et al. (2009), Siemiatycki (2015) and Odeck et al. (2015) suggested reforming 

the entire infrastructure procurement process, with the adoption of improved estimation 

methods, and development of an incentive-based system through private sector 

involvement. 

✓ Use of Reference Class Forecasting 

To improve the accuracy and reduce bias in project estimates, Flyvbjerg (2008) suggested 

the adoption of an improved forecasting method called reference class forecasting (RCF). 

RCF was initially developed by Daniel Kahneman and Amos Tversky in order to 
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accommodate the limitations caused by the irrationality of human beings. It involves 

assembling a large number of similar infrastructure projects with similar characteristics, 

which fall in the same reference class, and measuring their cost overrun over time 

(Flyvbjerg et al., 2016). However, to ensure accuracy, a contingency is applied to the cost 

estimates of the project under review, established from empirical adjustments of cost 

deviation of past similar projects, and it is normally applied at the conception stage. In 

response to persistent cost overruns due to underestimation of cost (deliberate or in error), 

the UK government adopted the technique in order to improve cost performance in 

transportation projects (Flyvbjerg, 2008). It was applied in the Edinburgh tram project, 

and in other projects such as the cross-rail project in London, by including a risk 

contingency to the initial estimates and comparing them with similar projects of the same 

reference class. Consequently, other countries such as the Netherlands, Denmark, Hong 

Kong, and Switzerland have used variants of RCF. However, Love et al. (2015b) 

contested the accuracy of the application of RCF in infrastructure projects, despite its 

ratification by the American Planning Association in 2005. They contended that the 

normally distributed status of cost overruns of infrastructure projects assumed by 

Flyvbjerg et al. (2018) was erroneous because of the uniqueness of infrastructure projects. 

To support this contention, Love et al. (2015b) argued that an evident flaw was 

demonstrated by the Edinburgh tram project, in which risks (such as errors and omissions 

in contract documentation) were evident because of disregard for events such as evolution 

of a more clearer information and scope that unfold during the project development 

process. In response, Flyvbjerg et al. (2018) contended that these events such as evolution 

of a more clearer information and scope that take place are the result of deliberate 

underestimation of technical factors, such as project scope and geology, by stakeholders 

involved in infrastructure provision. 

✓ Use of Reforms  

Another method of improving the accuracy of cost estimates is to review the preliminary 

cost estimates, i.e. use external reviewers to scrutinize the initial estimates before 

approval. In this regard, Odeck et al. (2015) investigated the impact of using external 

reviewers to assess the accuracy of cost estimates in Norwegian highway projects, and 

found that the magnitude of cost overruns during the period of the reform reduced 

significantly. Yet, despite the improvement, there was systematic overestimation of the 

project estimates by government officials. Magnussen and Olsson (2006) assessed the 

performance of public projects, including highway projects, in Norway after the 
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implementation of a quality assurance measure, and found significant reduction in the 

magnitude of cost overruns. Consequently, Odeck (2014) revealed that reforming the 

public procurement agency into a fully privatised agency responsible for construction of 

highways reduced the magnitude of the cost overruns. 

✓ Public-Private Sector Investment  

PPP has become a more popular and sustainable model for infrastructure procurement 

globally, particularly in developed countries (Siemiatycki, 2009). This model’s 

significance lies in its ability to create structures that reward accurate estimating, and to 

delegitimise the influence of optimism bias and strategic misrepresentation. The PPP 

model transfers most of the construction risk (technical, managerial and financial) to the 

private sector, which is believed to effectively manage risk issues and ensure improved 

accountability through bundling of design and construction into a single contract that is 

executed by the private sector through a formal agreement with the public sector 

(Flyvbjerg et al., 2003). Furthermore, Flyvbjerg et al. (2003) remarked that infrastructure 

projects can be delivered successfully with the effective management of various risk 

issues provided by the private sector. Empirical studies have shown that some PPP 

projects perform much better than traditionally procured projects (Siemiatycki, 2015, 

Kostka and Anzinger, 2016). As such, Siemiatycki (2015) stated that, by adopting a PPP 

approach, the magnitude of change orders and claims against public sector agencies, 

which have been reported to impact on the cost performance of projects, can be 

substantially diminished, hence reducing the likelihood of cost overruns. For example, 

Siemiatycki (2015) reported that out of the 30 projects delivered using the PPP model in 

Ontario, Canada, from 2007 to 2015, 29 projects were completed within budget. 

Similarly, all highway projects delivered in British Columbia, Canada, were delivered on 

budget (Siemiatycki, 2015). Also, using the data from 23 highway projects, Kostka and 

Anzinger (2016) revealed that PPP highway projects performed better in terms of cost, 

with cost overrun of 7% for PPP and 33% for non-PPP projects. In the US, one of the 

longest running highway projects to be delivered through private sector involvement was 

the SR (state routes) 91 express toll lanes; the project was delivered within the budget 

initially forecasted (Siemiatycki, 2009). Osei - Kyei and Chan (2016) noted that the 

Lekki-Epe highway, which was the first highway project that was delivered through the 

PPP model in Nigeria and West Africa, was in general a remarkable success, and it 

represented a major PPP landmark in sub-Saharan Africa.  
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2.11.2 Evolution Theorists 

Evolution theorists view cost overrun from a more technical point of view, and contend 

that it arises due to events that evolve during the project lifecycle, though Siemiatycki 

(2015) argued that these issues can be anticipated beforehand and controlled. On this, 

different approaches to mitigating cost overrun are required. For instance, Love et al. 

(2015a), Lind and Brunes (2015), and Love et al. (2015b) suggested that issues related to 

the technical (project) management and oversight of infrastructure procurement should 

be approached by adopting best practices i.e. using a more technical approach. 

✓ Increase Completeness and Rigour of Early Plans 

Empirical studies have revealed that most highway projects, which are worth millions and 

billions of dollars, are embarked upon globally with inadequate early technical 

evaluation, and inadequate early designs and cost estimates (Park and Papadopoulou, 

2012, Kigbu, 2015). For example, Njoku and Nnabugwu (2013) reported that most 

highway projects embarked upon in Nigeria were awarded despite incomplete designs 

and technical studies, which caused significant cost overruns. On this, Lind and Brunes 

(2015), and Siemiatycki (2015) have advocated the early engagement of independent 

auditors to review and check the plans, technical reports, and cost estimates. Also, Love 

et al. (2015b) revealed that cost overruns can be reduced by conducting design audits, 

reviews and verifications on designs, and estimates of highway infrastructure projects 

before committing to contracts. 

✓ Use of Experienced Professionals 

To accommodate the limitation of errors in design, technical investigation and cost 

estimates, caused by lack of designers, and contractors competence, Lind and Brunes 

(2015) suggested the use of experienced designers and contractors (by assessing their 

capabilities and suitability during the bidding process). This would help to screen out 

bidders who deliberately underestimate the cost of the project in order to be awarded the 

contract for the project. Accordingly, Siemiatycki (2015) contended that highway projects 

due to their complex nature required specialised skills to efficiently manage these projects 

and reduce the persistent cost overruns.  

✓ Enhancing Accountability and Responsibility for Errors 

To enhance the long term cost performance of highway projects, Lind and Brunes (2015), 

and Siemiatycki (2015) suggested the need to incorporate a performance reward system 

into the project procurement process. In this regard, the State Auditor of North Carolina 

(2008), as reported by Siemiatycki (2009), contended that cost performance could be 
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improved by adopting an incentive system whereby rewards are awarded to performing 

parties, and those responsible for errors and who fail to meet targets are penalised. 

Furthermore, Lind and Brunes (2015), and Siemiatycki (2015) advocated establishing 

high performance as a benchmark for assessing consultant/contractor performance and 

opportunity for obtaining future contracts. Consequntly, in Singapore and Hong Kong, 

companies found to be consistent in delivering projects within budget are considered first 

for subsequent projects (Siemiatycki, 2015). 

✓ Contingency Planning 

Contingency has been defined by Love et al. (2015a) as “the amount of funds, budget or 

time needed above the estimate to reduce the risk of cost overruns of project objectives 

to a level acceptable to the organisation”. Baccarini (2005) revealed that contingency 

planning is a very common means of controlling cost overrun in infrastructure project 

procurement. As such, Love et al. (2015a) asserted that a contingency takes into account 

identifiable risks that may arise in a project and are based on a rule of thumb calculation 

(Siemiatycki, 2015). Furthermore, Love et al. (2015a) categorised contingency into: 

design (to accommodate issues due to estimating inaccuracy and incomplete definition of 

scope), and construction contingency (to accommodate any issues of design that are 

unresolved and which are incorporated into the estimates). Therefore, most issues due to 

technical challenges are accomodated by the provision of suitable and adequate 

contingency. Terrill and Danks (2016) reiterated the importance of contingency by noting 

that adequate buffer is required to accommodate all the changes that will happen during 

construction, and will provide an improved degree of certainty. As a result, Love et al. 

(2015a) suggested that 30 to 60% of the project’s initial value should be provided to allow 

for changes due to design inadequacies, and 10 to 25% of the initial contract value to 

accommodate unresolved issues that may arise. 

2.12 Methodological Approaches 

Dainty (2008) stated that construction management, as an emergent field of research, is 

yet to have a recognised methodological orientation. In view of this, empirical studies on 

cost overrun drivers in highway projects reveal the predominance of studies with a 

positivistic orientation, i.e. survey and project data. These studies are based on 

questionnaire surveys ( occasionally adopting interviews) and project data to prioritise 

key factors of cost overrun, investigate and establish the correlation between cost overrun 

triggers (sometimes project characteristics) and cost overrun using different variants of 

index analysis method and regression based method for data analysis (Mahmud et al., 
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2020b). These methods do not explain the complex and dynamic interactions amongst the 

contributory factors of cost overruns, though several studies have demonstrated the 

relationship between cost overrun, project characteristics and some factors. Yet, despite 

efforts to unravel the contributing factors and suggest measures to attenuate them, the 

problem of cost overrun is still widespread within the construction industry. This shows 

that the adopted methodological approaches embraced by most studies, though 

methodologically valid, have been unable to bring the much-needed enhanced 

understanding, partly due to the inability of the approaches to take into consideration the 

complex and dynamic nature of the drivers of cost overrun, as explicated by Mahmud et 

al. (2020b).  

2.12.1 Pure Statistical Analysis 

The empirical studies reviewed adopted a methodological approach, i.e. a statistical 

approach to data analysis that is based on linear reductionist philosophy, to analyse data 

from sources such as questionnaire surveys and project documents. These methods 

include: index analysis methods (frequency index (FI), severity index (SI), relative 

important index (RII)), mean score (MS), average relative weight, weighted average 

(WA), frequency of agreement, total score, and percentage of maximum score, supported 

by some statistical reliability tests (Kendall’s correlation coefficient and chi square tests, 

Charles Spearman's, analysis of variance (ANOVA)), bivariate techniques (Karl 

Pearson’s coefficients of correlation, partial correlation, and simple regression), and 

multivariate techniques (multiple regression and factor analysis), complemented by other 

statistical tests such as F-test, binomial tests, one way ANOVA, and Mann- Whitney U-

test, in order to estimate the relationship between variables (Kothari, 2004).  

✓ Analysis Using Survey Approach (Questionnaires)  

Several studies, particularly in developing countries, have adopted a survey approach, 

mainly based on the analysis of questionnaires supported by occasional interviews, which 

samples the subjective opinions of professionals within the construction industry 

(Mahmud et al., 2020b). These studies have identified numerous drivers, which are 

mostly ranked based on the respondents’ perception, and analysed using index analysis 

methods to establish the most significant factors, with a few studies adding some 

statistical rigour by measuring the strength of the correlation between factors using 

statistical tests such as Spearman’s rank correlation (Mahmud et al., 2020b). For instance, 

Mansfield et al. (1994) examined the delays and cost escalation in highway projects in 

Nigeria. 16 drivers were identified from the perspective of stakeholders (clients, 
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consultants, and contractors), based on questionnaire surveys. The retrieved data was 

analysed using an index analysis method (SI). Also, Leo-Olagbaye and Odeyinka (2018) 

examined the risk factors that affect the financial performance of highway projects in 

Osun state, Nigeria, based on a questionnaire survey. The questionnaire survey responses 

of experienced professionals involved in about 34 highway projects were analysed using 

an index analysis method (MS). Furthermore, Anigbogu et al. (2019) examined 

questionnaire responses from stakeholders involved in highway infrastructure 

development in Federal Capital Territory, Nigeria, using a variant of the index analysis 

method (RII), complemented by analysis of project documents and interviews, in order 

to identify the significant factors. Several other studies adopted similar approaches. For 

example, Kaliba et al. (2009), Chileshe and Danso Berko (2010), Nasir et al. (2011), 

Mahamid and Bruland (2011), Alinaitwe et al. (2013), Alhomidan (2013), Zafar et al. 

(2016), Wanjari and Dobariya (2016), Sohu et al. (2017a), Sohu et al. (2017b), Akal et 

al. (2017), Pai et al. (2018), Sohu et al. (2018), Wijekoon and Attanayake (2013), 

Mahamid (2013), Hazim and Abusalem (2015), Belachew et al. (2017), Park and 

Papadopoulou (2012), and Al-Hazim et al. (2017) framed their research methodology 

based on conducting questionnaire surveys and data analysis using various index analysis 

methods.   

Using a heterogeneous sample from 11 countries in Asia (Malaysia, South Korea, 

Thailand, Taiwan, India, Vietnam, Bangladesh, Pakistan, Singapore, Hong Kong, and Sri 

Lanka), Park and Papadopoulou (2012) conducted a study to identify the causes of cost 

overrun in transport infrastructure, using 145 questionnaire responses from construction 

professionals. The questionnaires were developed using a four-point Likert scale to 

accord the participants opportunity to rank the frequency of each factor, and analysed 

using the RII in order to identify the most significant factors responsible for the variation.  

Also, a fuzzy logic model for assessing construction cost overrun was developed from a 

preliminary response of questionnaires to evaluate the level of importance of the key 

causal factors. To understand the combined effect of the various causal factors, a model 

was used to develop a decision tree on an input and output basis, which was further 

supported by the graphical representation of the disparity induced by different 

combinations of the factors of cost overruns. Hence, the findings revealed that the greatest 

difference in cost overrun was due to inadequate planning and scheduling, subsequently 

followed by short bid preparation time and experience of the contractor (Sharma and 

Goyal, 2014).  
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Similarly, (El-Maaty et al., 2017) adopted a fuzzy triangle function to examine and 

identify the effectiveness degree of factors causing cost overruns, based on the responses 

of stakeholders (clients, consultants, and contractors) involved in highway projects in 

Egypt, and established several important factors. Furthermore, using linear regression 

analysis and statistical fuzzy theory, the study developed models by incorporating the 15 

top causes of cost overrun as independent variables to predict the percentage cost overrun 

of highway projects. The study found that linear regression-based models can accurately 

assess the expected cost overrun of any future project, and performs better than the fuzzy 

based models.  

Also, Attalla and Hegazy (2003) conducted a study to predict cost deviation in 

reconstruction projects. Their study adopted a linear modelling technique based on 

regression analysis to explain cost overrun in terms of cause and effect relationships, and 

further assessed its validity with respect to their use in decision making for future projects 

at specified levels of confidence.  

✓ Analysis Using Projects data  

Although many empirical studies focused on identifying the significance of various 

factors of cost overruns based on responses from construction industry professionals, 

others such as Flyvbjerg et al. (2003), Odeck (2004), Cantarelli et al. (2012c), Huo et al. 

(2018), and Andrić et al. (2019) adopted a regression based technique supported by some 

statistical tests, such as binomial test, fisher-test (F-Test), one-way ANOVA, and non-

parametric Mann-Whitney U-Test, to analyse project data by assessing certain variables 

in relation to projects characteristics, and explain the relationship between cost overrun 

and project characteristics (project size, project type, geographic location, and length of 

implementation phase). In a study conducted on 258 infrastructure projects (including 

167 highways) from 20 countries, Flyvbjerg et al. (2003) empirically investigated the 

effect of project characteristics such as geographical location and project type on the level 

of cost overruns experienced on the sampled projects. Furthermore, using the same 

dataset of 258 infrastructure projects and statistical methods of analysis, Flyvbjerg et al. 

(2004) examined the relationship between cost overrun and some descriptive project 

variables, such as length of implementation, project size, and type of project ownership, 

and concluded that the level of cost overrun observed was influenced by the length of the 

project implementation period. This conclusion was based on the result of the analysis of 

cost overruns experienced on bridges, highways, and tunnels, which revealed that cost 

overruns differ in relation to the length of construction period of the projects. It showed 
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that fixed link (bridges and tunnels) had an average project duration of 6.6 years, which 

was higher than rail and highway projects: with average durations of 6.3 years and 4.3 

years respectively. The statistical analysis also suggested the possible existence of 

systematic bias in the initial cost estimates, which ensued from consistent one-sided 

positive variation. Similarly, studies conducted by Hinze et al. (1992), Odeck (2004), 

Gkritza and Labi (2008), Singh (2010), Bhargava et al. (2010), Akoa (2011), Cantarelli 

et al. (2012c), Mahamid (2013), Huo et al. (2018), Park and Papadopoulou (2012), 

Shrestha et al. (2013), Rajan et al. (2014), Odeck (2014), El-Kholy (2015), Hazim and 

Abusalem (2015), Al-Hazim et al. (2017), Andrić et al. (2019), Creedy et al. (2010), 

Jenpanitsub (2011), Torp et al. (2016), and Sarmento and Renneboog (2016) analysed 

data of projects from government and private databases in their respective contexts using 

a regression analysis technique. For example, Cantarelli et al. (2012c) examined the 

influence of three project characteristics (project size, length of implementation phase, 

and project type) on cost overrun in infrastructure projects in the Netherlands, using the 

same approach adopted by Flyvbjerg et al. (2003). The study analysed data of the 

infrastructure projects using a regression analysis supported by some statistical tests (such 

as binomial test, F-Test, one-way ANOVA, and non-parametric Mann-Whitney U-Test). 

In addition, the study established the existence of a relationship between project size, 

length of project implementation period, and cost overrun. Furthermore, in assessing the 

cost performance of Dutch infrastructure projects and comparing them with studies by 

Flyvbjerg et al. (2003) and Flyvbjerg et al. (2004), Cantarelli et al. (2012a) established 

that cost overrun was smaller and the performance was significantly improved. An 

analysis using regression-based techniques revealed that geographic location had a 

significant influence on cost overrun.  

Similarly, using the same approach utilised by Flyvbjerg et al. (2003) to assess and 

compare the performance of infrastructure projects in Hong Kong with the worldwide 

study, Huo et al. (2018) examined the relationship between cost overrun and some project 

characteristics, such as project size, project type, and length of implementation phase, 

using data from 57 infrastructure projects, including 18 highway projects. The findings 

revealed that cost overruns in highway projects were influenced by: project size, project 

type, and length of project implementation period. The findings demonstrated that smaller 

scale highway projects experienced higher cost overruns than large scale projects, and 

highway projects were less vulnerable to cost increases than other types of projects. The 

findings further revealed that cost performance had not improved over time, and could be 
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attributed to strategic misrepresentation in the form of scope changes and optimism bias, 

and not to technical related factors. Similarly, Belay and Torp (2017) conducted a 

statistical analysis of data from 16 highway projects and 7 building construction projects 

in Norway, and revealed that the longer the construction period, the smaller the cost 

deviation. 

More recently, Andrić et al. (2019) investigated the cost performance and influence of 

four key project characteristics (project size, project type, geographic location, and length 

of implementation phase) on cost overrun in infrastructure projects in Asia (east region, 

south region, central region, and south east region), using a similar approach to that 

adopted by Flyvbjerg et al. (2003), and compared the findings with other global studies 

such as  Flyvbjerg et al. (2003), Cantarelli et al. (2012c), and Huo et al. (2018). The study 

established, with high statistical significance, that project size, geography, and length of 

project implementation period influenced cost overrun. 

Comparing the performance of PPP and non-PPP highway projects in India, Rajan et al. 

(2014) analysed 145 highway projects to understand and establish the impact of project 

variables on the cost performance of PPP projects, using regression analysis. It was 

revealed that project size influenced cost overrun of PPP projects, i.e. larger projects, due 

to their long duration and complexity, resulted in increased cost. 

Park and Papadopoulou (2012) examined the relationship between project size and cost 

overrun using data from 35 transport infrastructure projects (including 7 highways), from 

11 Asian countries (Malaysia, South Korea, Thailand, Taiwan, India, Vietnam, 

Bangladesh, Pakistan, Singapore, Hong Kong, and Sri Lanka). It was observed from the 

analysis that there was no correlation between cost overrun and project size, as both small- 

and large-scale projects experienced cost overruns.  

Shrestha et al. (2013) statistically examined 363 public works projects (including 

highways) to determine the effect and relationship of some project variables, such as 

project type, project size, and project duration; they revealed that larger and longer 

duration projects experienced larger cost overruns. Also, Hinze et al. (1992) analysed 468 

WSDOT projects, with the aim of establishing the relationship between cost overrun and 

other project variables such as: project size, project type, and number of bidders. The 

findings revealed that cost overrun rate tends to be larger as the project size increases, 

and also having large numbers of bidders tends to increase the cost overrun.  
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Bhargava et al. (2010) developed a regression-based model using three-stage least square 

analysis, using data from 1862 construction projects (including 350 highway projects) in 

the state of Indiana, US, to identify the most significant factors leading to cost overrun. 

Based on the model, it was observed that the magnitude of the cost overruns was not 

homogenous across the different project types, due to the varying construction practices 

and planning processes specific to each type of project. Furthermore, the factors predicted 

to have the most significant impact on cost overrun were: project size, project duration, 

length of implementation phase, weather conditions, and the result of the contract bidding 

process. 

Mahamid (2013) developed a model for predicting cost overruns in highway projects in 

the West Bank, Palestine, using multiple regression analysis techniques. The study 

examined the relationship between project characteristics such as project size, road 

length, road width etc. and found that project size influenced cost overrun. 

Gkritza and Labi (2008) developed an econometric model using data from 1957 highway 

projects in the state of Indiana, US, to predict the effect of cost overrun with respect to 

project size (i.e. contract award amount and length of implementation phase). It was 

established that there was a nonlinear relationship between cost overrun and project size. 

Also, small sized projects (up to $6million) tended to have smaller cost overruns, and 

contracts in excess of $6million had larger cost overruns. Equally, the likelihood of cost 

overrun increased with longer length of project implementation 

Summary  

From the reviewed literature, it is evident that considerable attempts have been made to 

understand the key contributors to cost overrun in highway projects from diverse 

geographical locations. It is also apparent that cost overruns are systemic and potentially 

substantial in publicly funded highway projects globally. However, most of these studies, 

including those in Nigeria, adopted a positivistic approach towards data collection, i.e. 

questionnaire surveys, project documents, and a statistical approach to data analysis 

(index and regression analysis based methods), thus ignoring the contextual 

circumstances in which these factors take place, as well as the dynamic and complex 

nature of these factors, which has been buttressed by Mahmud et al. (2020b). It is evident 

that the reviewed studies adopted methodologies that often infer cause and effect 

relationships between factors by excluding the dynamic and complex nature of 

contributors to cost overrun phenomena. Although from a methodological viewpoint, the 
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empirical studies provide a valid contribution to the existing body of knowledge relating 

to cost overrun causes, they are ineffective in evaluating the systemic and complex nature 

of these driving factors, as explicated by Mahmud et al. (2020a) and  Mahmud et al. 

(2020b). 
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Chapter 3: System Dynamics Modelling Methodology 

3.1 Introduction  

Chapter 1 introduced the background of the research, knowledge gaps, and the rationale 

for the study. Chapter 2 reviewed literature on the concept of cost overruns and their 

driving factors in general construction projects (and specifically highway projects) from 

a global perspective and the Nigerian context and concluded that cost overruns are 

systemic and potentially substantial in publicly funded projects, due to multiple triggers. 

Consequently, the review established that the existing methodological approach 

employed (i.e. conventional statistical techniques) is inadequate in evaluating the 

systemic and intricate nature of cost overrun triggers in highway projects, and thus an 

approach that incorporates these intricacies is needed. This chapter elucidates the 

foundation for the modelling approach adopted for this research. The aim, in terms of 

methodological root, is to present SD (and its similar approaches to simulation) as an 

analytical technique that has a significant strength in the analysis of systems and is 

beneficial to such intricate systems. The approach is underlined by looking at a particular 

system from a holistic and dynamic perspective. Explicitly, the researcher employed the 

approach of SD as a modelling technique in order to holistically understand the key 

drivers responsible for cost overruns in highway projects in Nigeria. 

Considering the fact that highway projects are inhibited by a collection of interrelated 

factors, the research considers this synergistic interaction between the various categories 

of drivers, in order to acquire a holistic and insightful view of the entire system. 

Furthermore, the chapter serves as the foundation upon which this research work is based. 

Considering the nature of the research, which is to develop a model based on the 

philosophy of SD, it is imperative to present a brief highlight of the model generally, and 

particularly the SD modelling philosophy. 

3.2 Model 

Ackoff and Sasieni (1968) described a model as an imitation of reality which can be 

theoretical, logical, or physical. It can be a substitute for an entire system, or an object 

that can offer a distinctive ability for interaction (Forrester, 1969). Richardson and Pugh 

(1981) reiterated that a model is a simplification of a part of reality. Considering the 

nature of the real world, which in reality is intricate and made up of a multiplicity of 

interrelating elements, models are regarded as inefficient in replicating reality in its 

entirety. On this basis, models are therefore required to imitate the real world with only 
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the elements that are necessarily important in the mind of the modeller (Senge and 

Forrester, 1980), thereby ensuring that information is obtained at a fairly reasonable cost 

(Forrester, 1961).  

However, it is very difficult (and indeed controversial) to select a proper degree of detail 

for a model, which further infers that modelling endeavour is more an art than a method 

(Chick, 2006). As emphasised by Forrester (1961), the importance of a model arises due 

to its ability to facilitate the understanding of behaviours that are vague and unclear more 

effectively than by observing the real system. This is because the thinking processes of 

humans depend on models through which conceptualisation and organisation of the world 

are accomplished (Sterman, 2000). Furthermore, Sterman (2000) signified that a 

substantial amount of the effort of such conceptualisation is accomplished automatically 

in the human mind, which then becomes the essence of the human mental model. 

3.3 Significance of Modelling 

According to Davis (2001), modelling allows the integration of process, information, 

organisation, systems, and data within a particular research inquiry. Reiterating the 

benefit of modelling, Bonabeau (2002) noted that it affords a natural narrative of a system, 

which assists in enhancing the understanding of a system. Hence it enables analysis and 

the viewing of relationships (Davis, 2001), which ensures the provision of clear 

information, and forms the basis on which decision makers can select appropriate and 

suitable policies (Bennett, 1992). Furthermore, Davis (2001) affirmed that models offer 

a path where “what if” scenarios can be evaluated. Stave (2002) argued that SD offers 

five (5) important advantages, which comprise: focussing on the problem in question, 

seeking the causes of the problem in the structure of a particular system, opportunity to 

document the whole process, provision of an improved framework that allows for public 

participation and ultimately serves as a tool for the design of key policies, and a laboratory 

for enhanced learning. On this basis, stakeholders and policy makers can use the resultant 

model as a “flight simulator” which serves as an environment for learning. One important 

takeaway offered by a SD model is that it offers an opportunity for policy makers to 

understand and grasp the intricate systems in which they operate, through thorough 

experimentation of the system in a virtual environment (Stave, 2002). Research with a 

focus on modelling (such as SD) affords the opportunity to engage stakeholders in the 

overall modelling process, which ensures that their valuable inputs are taken on board 

(Voinov and Bousquet, 2010). 
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3.4 Choice of Modelling Technique 

Before deciding on the modelling technique befitting for the research circumstance, the 

purpose and nature of the research will have to be considered. This is supported by 

Richardson and Pugh (1981), who mentioned that, from a SD perspective, a model is 

developed to address a specific set of questions, and therefore asserted that it is not the 

system that is being modelled but, rather, a particular problem. Based on this, and most 

importantly the nature of the research problem this study intends to address, certain 

considerations were made before arriving at an acceptable and suitable approach that will 

be able to address the research questions. 

3.4.1 System Dynamics vs Statistical Modelling 

Existing studies on cost overrun triggers in highway projects commonly adopt statistical 

modelling as an approach to understanding the problem. However, the statistical 

techniques are unable to incorporate the intricate and dynamic nature of the drivers of 

cost overrun (Mahmud et al., 2020b). In contrast, SD modelling has the ability to take a 

holistic view of a problem as a complex system, and work with this sophistication 

(Sterman, 2000). A striking feature of the SD philosophy is that it rejects the assumptions 

of statistical models: often viewed as inadequate in addressing the intricacies and 

interrelationships inherent in the problem of cost overruns in highway projects 

(Nasirzadeh and Nojedehi, 2013). At this stage, it is vital to identify and establish the 

suitable modelling technique capable of capturing this kind of sophistication to study the 

problem. Specifically, this research study is about cost overruns in highway projects in 

Nigeria, and precisely understanding the key drivers that are impeding cost performance. 

These drivers are numerous, complicated, and interrelated, with causal relationships and 

feedback (Boateng et al., 2012b, Mahmud et al., 2020a). Consequently, it is important to 

identify an approach with dynamic and complex capabilities, with which these drivers are 

allowed to interract with each other over time (as they operate in the real world). This 

affords the opportunity of examining the interdependencies, effectiveness and impacts of 

certain policies, as the virtual environment facilitates examination of the dynamic 

behaviour and impact of various policies. The SD methodology has the ability to 

accommodate such complex and dynamic characteristics (Sterman, 2000). 

As a result of the aforementioned, the SD modelling approach was adopted and employed 

by the researcher. SD affords the opportunity to examine and evaluate, holistically and 

more elaborately, the investigative problem through consideration of the dynamic 

interactions between the driving factors, and dynamic feedbacks. 
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3.5 The System Dynamics Approach 

Infrastructure projects such as highways are characterised by the utilisation of several 

transformation processes, with many stakeholders involved; they are typically very 

challenging and extremely sophisticated projects, which makes them capital intensive 

(Nguyen and Ogunlana, 2005). It is therefore vital to acknowledge that the challenges of 

large construction projects (such as highways) are extremely complex, highly dynamic, 

have multiple feedback processes and non-linear relationships, and also involve both 

quantitative (hard) and qualitative (soft) data (Sterman, 2000).   

Cost overrun is usually attributed to several factors, rather than just one. In addition, 

drivers of cost overrun are rarely independent of each other, as some factors may be the 

result of the same cause, or one factor may trigger the occurrence of others (Steyn, 2009, 

Love et al., 2016, Ahmad et al., 2018, Leon et al., 2018). There are numerous studies 

which have attempted to assess the impact of the influencing factors of cost overrun on 

project performance, for example: Mansfield et al. (1994), Flyvbjerg et al. (2003), 

Flyvbjerg et al. (2004), Kaliba et al. (2009), Park and Papadopoulou (2012), and 

Cantarelli et al. (2012c). However, the studies did not account for the intricate interrelated 

structure of the different factors, as explicated by Mahmud et al. (2020b). The previous 

studies used approaches that explained the effect of singular or multiple factors on cost 

overrun, and thus disregarding the collective effect of all the influencing factors, which 

have complicated interactions with each other (Nasirzadeh and Nojedehi, 2013, Mahmud 

et al., 2020a). This explains why SD can fulfil certain modelling requirements for large 

infrastructure projects such as highways. 

The shortcomings of the conventional statistical forms of analysis have motivated many 

researchers to seek the possibility of adopting an alternative approach in the field of 

construction project performance (Mahmud et al., 2020a), and SD has the ability to 

accommodate such limitations (Nguyen and Ogunlana, 2005).  

SD, as introduced by Jay Forrester of the Massachusetts Institute of Technology in the 

mid-1950s, is an objective oriented simulation methodology that enables the modelling 

of complex systems, by incorporating all of the factors influencing a particular problem 

(Khanzadi et al., 2012). It affords a rigorous method for the description, exploration, and 

analysis of complex systems (Rodrigues and Bowers, 1996). According to Leon et al. 

(2018), SD is a very useful and powerful tool for understanding the behaviour and 

anticipated trends related to changes in dynamically complex systems. Furthermore, 

Sterman (2000) posits that SD is a perspective and a set of conceptual tools, that enables 
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us to understand the structure and dynamics of complex systems. Rodrigues and Bowers 

(1996) have identified the motivating factors for the application of SD to construction 

management. They include: 1) a concern to consider the whole, rather than the sum of 

individual elements, 2) the need to examine major nonlinear aspects typically described 

by balancing and reinforcing feedback loops, 3) a need for a flexible project model 

offering a laboratory for experiments with management options, and 4) the failure of 

traditional analytical approaches to solve all project management problems, and the desire 

to experiment with something new. 

SD is both a theory of structures in systems and an approach to designing policies. SD 

encompasses two basic concepts: 

a. Feedback theory, which provides guidelines for organising system structure. 

b. Computer simulation, which provides a basis for deducing the behaviour that 

arises from a particular system structure. 

The concept of SD is particularly concerned with constructing graphical and 

mathematical based models, with detailed descriptions of how the conditions at one point 

in time lead to subsequent conditions at later points in time (Sterman, 2000). The concept 

is primarily based on cause and effect relationships, which are explained with the help of 

stocks and flows, and feedback loops (balancing and reinforcing feedback loops). The 

stocks are used to model the flow of work and resources through the project, whilst the 

feedback loops are used to model the decisions and project management policies. 

SD approach is used to understand how parts in a system interact with one another, and 

how a change in one variable affects the other variable over time, which in turn affects 

the original variable (Sterman, 2000). Barlas (2002) further revealed that, over time, the 

various factors trade places as cause and effect. The building blocks from which all 

models are developed are reinforcing or positive loops, balancing or negative loops, and 

delays; the behaviour of a system depends on these key elements. Positive loops are self-

reinforcing, whilst negative loops tend to counteract change. Delays, however, are a 

source of potential instability in the system (Sterman, 2000). 

Modelling is a creative and iterative process. Sterman (2000), and Nguyen and Ogunlana 

(2005) posit that modelling, as part of the learning process, is interactive: a continuous 

process of formulating hypotheses, testing, and revision, of both formal and mental 

models.  
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The SD modelling process varies with different authors, but the process depends entirely 

on the nature of the problem to be addressed, and the style of the modeller. Several authors 

in related literature suggested different (but related) stages in order to map out the overall 

structure of a model; for instance Coyle (1996) and Sterman (2000). Coyle (1996) 

recommended that the SD approach should include five stages, consisting of: problem 

recognition, problem understanding and system description, qualitative analysis, 

simulation modelling, and policy testing and design. However, the creative and iterative 

process suggested by Sterman (2000) comprised of: articulating the problem to be 

addressed, formulating a dynamic hypothesis of a theory about the cause of the problem, 

formulating a simulation model to test the dynamic hypothesis, testing the model until 

you are satisfied that it is suitable for your purpose, and designing and evaluating policies 

for improvement. However, regardless of the different ways the activities are grouped by 

the authors, all of the authors agreed that the modelling process was an iterative process 

(Nguyen and Ogunlana, 2005). 

3.6 System Dynamics Model Application to Construction Project Management  

SD differs from other statistical models (which have been considered to have limitations), 

and highlights the causal loop feedback and complex interdependencies between the 

various variables of a system (Jiang et al 2014). The approach has been considered 

capable of dealing with the intricacies and interactions inherent in large societal and 

economic systems (Lyneis et al., 2001, Otto, 2008, Ozcan-Deniz and Zhu, 2016), and has 

been applied in various systems, including project management (PM), in order to facilitate 

understanding and resolve such intricacies. A key review on the application of SD in the 

field of PM, by Rodrigues and Bowers (1996), revealed that modern-day PM is much 

more complex than the traditional method of PM, which often considered project 

elements separately. Consequently, Rodrigues and Bowers (1996) contended that SD 

could contribute significantly towards the holistic understanding of the system being 

studied. This statement has been buttressed by numerous studies in the field of PM, such 

as: design management (Ogunlana et al., 1998), contractor and subcontractor trust 

(Rahman et al., 2008), impact of critical weather conditions (Boateng et al., 2012a), 

conflict management (Mahato and Ogunlana, 2011), resource management (Park, 2005), 

construction labour productivity (Nasirzadeh and Nojedehi, 2013, Al-Kofahi et al., 2020, 

Warhoe, 2013, Alvanchi et al., 2012), schedule delay risks (Wang and Yuan, 2017), 

infrastructure project performance (Nguyen and Ogunlana, 2005), change management 

(Ansari, 2019, Motawa et al., 2007), design errors and rework (Love et al., 2002, Han et 
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al., 2013), client-contractor contractual relationships (Nasir and Hadikusumo, 2019), and 

the impact of different economic risk factors on cost and schedules in megaproject 

construction (Boateng et al., 2015, Boateng et al., 2017). 

In many countries, both developed and developing, one of the main criticisms facing the 

construction sector is the low level of productivity of the sector, which often results in 

poor performance. Based on this, significant effort towards understanding loss of 

productivity and how it affects project performance, has been reported (Nasirzadeh and 

Nojedehi, 2013, Warhoe, 2013, Al-Kofahi et al., 2020). For instance, Al-Kofahi et al. 

(2020) studied the effect of change orders on labour productivity and how that influenced 

performance in highway projects. Based on qualitative and quantitative models which 

considered the nonlinear relationships amongst different factors, the model was applied 

to highway projects in the Florida Department of Transportation (FDOT). The SD model 

provided a causal logic to explain why the impact of delay and disruption would result in 

productivity loss, and indeed result in an increase in the working hours needed to 

complete highway projects, and thus SD can be a vital tool when addressing disputes, as 

it can help to identify the responsible party. 

Wang and Yuan (2017) developed a SD model to investigate the effect of various risk 

factors of schedule delay in infrastructure projects, in order to understand the complicated 

and dynamic nature of the risks and how they affect project schedule performance, and 

thus form a basis for effective risk assessment. The model’s findings showed that the 

dynamic interactions of the various project schedule risk factors were critical in 

evaluating the effects on schedule performance. It was further affirmed that the severity 

of the collective impact of the risks was greater than the separate impacts. 

Nguyen and Ogunlana (2005) developed a dynamic simulation model to understand the 

dynamics of a project, and to evaluate policies for improving the performance of 

infrastructure projects. The model was developed based on the structures of well-

established project management models, but incorporated new feedback structures to 

capture the dynamics of a construction project. The findings of the model revealed that 

the behaviours of the simulated and actual projects were similar, and thus the model could 

be used by a contractor or project manager to simulate the dynamics of a project, and 

enhance project monitoring and evaluation of infrastructure projects. 

Ansari (2019) developed a SD model to analyse future change management policies for 

project planning and performance improvement. The study found that the SD model could 
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be utilised to perform risk analysis by taking into consideration risk factors such as lack 

of resources, changes, and delays caused by the client reviewing and approving the project 

work. The results further demonstrated the ability of the model to effectively manage 

errors and changes in a construction project by considering and testing certain policies, 

such as: extension of project deadline, increasing the contract price, plans to recruit more 

human resources, and outsourcing and its effectiveness. 

Nasir and Hadikusumo (2019) developed a model to simulate and manage client-

contractor relationships in a construction project. The study revealed that the relationship 

between client and contractor can be better understood by holistically considering the 

functions of contract management, i.e. the combination of multiple reinforcing and 

balancing loops. The results evidenced that relationships between client and contractor 

could be properly managed with integrated contract management activities, both before 

and during the construction process. Thus, one of the most significant contributions to 

practice is an integrated model based on the systems approach and feedback effects, 

which are very important in unearthing the mechanism of the development of ineffective 

client/contractor relationships over time. 

3.7 Application of System Dynamics in the Current Research Study 

The key drivers of cost overrun in highway projects are interrelated. The different 

leadership, macroeconomic, project management, and societal related drivers have 

intricate interrelationships with each other, and thus influence the cost performance of 

highway projects in Nigeria. As clearly described in chapter 1, and in the previous section 

of this chapter, cost performance challenges in highway projects (specifically in Nigeria) 

established the focus of this research, which aims to understand how the key drivers 

holistically interact to influence the cost performance of highway projects. What is 

obvious and visible is that these drivers affect highway project development and impede 

the realisation of the overall cost benefit of key projects. However, SD has established 

itself, ahead of other approaches, as a powerful methodology within its own paradigm 

(Mohapatra and Mandal, 1989), by acknowledging the holistic characteristic (Sterman, 

2000). 

As highlighted earlier, the modelling process in SD is an iterative process, 

notwithstanding the non-logical steps in the process. However, as emphasised by 

Sherwood (2002), a fundamental and important focus of SD is examining the causal 

relationships between the key elements of a system, particularly from interactions with 

system stakeholders. Therefore, when considered as a methodological approach to 
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modelling, SD can be useful in the understanding and identification of the key 

constraining factors that must be improved in order to address the cost underperformance 

of highway projects. On this basis, further justification for the application of SD 

modelling to the current study is based on the following key points: 

• The highway construction process is extremely complex, and it is comprised of 

multiple interacting components. It involves different: stakeholders with varying 

interests, stages, and technology; and issues affecting project cost performance 

vary with the different stages of project delivery, i.e. from inception to 

completion. As such, drivers of cost overrun are numerous and extremely 

intricate. They are made up of multiple factors which are rarely independent of 

each other, but interact in a complex web to influence performance. For example: 

work to be executed, work execution rate, and quality defects all interact with one 

another.  

• Drivers of cost overrun in highway projects are highly dynamic. The construction 

process is naturally dynamic, as it changes as the project evolves and more 

information becomes available. For example, the variables change over time, as 

one leads another to change either in the same or opposite direction. For instance, 

poor project planning early in the life of the project may trigger revisiting and 

modifying the scope of the projects at a later stage, to accommodate the key 

components that were not considered earlier.  

• The construction process and the drivers of cost overrun are involved in multiple 

feedback processes. An intricate system (such as highway construction and the 

occurrence of drivers of poor cost performance across the entire project delivery 

process) contains multiple interrelating feedback processes. For example, delay in 

the payment of work done will lead to decreased motivation from the contractor’s 

team, which will eventually result in decreased efficiency. This will then affect 

the progress of work and the completion rate of the project and, eventually, the 

amount of work accomplished is significantly reduced. Furthermore, this will 

impact on the work certified by the client, and indeed the payment of the certified 

work to the contractor, which suggests that the amount of funds paid to the 

contractor will be significantly reduced, and eventually compound the funding 

issues of the client due to increasing backlog of funds due to the contractor. This 

ultimately results in further payment delays to the contractor, thereby resulting in 

a vicious reinforcing circle. These feedback processes can either be self-
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reinforcing or self-correcting side effects of decisions. Feedback relationship are 

important to the dynamics of technical, social, macroeconomic, leadership, and 

other systems. According to Sterman (2000), SD modelling is a suitable technique 

whenever there are important feedback relationships. 

• Drivers of cost overrun involve nonlinear relationships. Nonlinearity infers that 

cause and effect relationships do not have proportional simple relationships. SD, 

beyond the ability of other modelling methods, underscores the importance of 

non-linearity in model formulation (Wolstenholme, 1990, Sterman, 2000). For 

instance, work progress could be affected by numerous drivers (such as social 

issues, or adverse weather conditions) in a nonlinear manner. 

• The construction process, as well as the various drivers, is comprised of both hard 

and soft variables. The construction industry is not purely a matter of technical 

and engineering aspects: it also comprises of humans as social actors and 

stakeholders, and thus cannot be understood entirely in terms of interdependencies 

amongst technical components. Most of the drivers hindering the achievement of 

a successful highway project in Nigeria, in terms of cost, will be soft variables 

such as: political instability, and social issues. Sterman (2000) has explicitly 

affirmed the importance of not ignoring soft variables, simply because they are 

non-technical in nature.  

Sterman (2000) also affirmed that most of the information used in SD modelling is 

qualitative in nature and accounts for a significant portion (ahead of numerical data), 

because most of this information is embedded in the mental databases of the system 

stakeholders. The information from the mental sources includes stories about the 

knowledge of the system in question, and the way in which key decisions are made. For 

instance, numerous multiple sources of information are employed in SD modelling such 

as: interviews, observation, project documents, and more technical information involving 

numerical data; these combined information sources are used to understand the holistic 

structure of the model (Sterman, 2000). 

Models within the philosophy of SD are used to represent selected aspects of the real 

system with respect to a specific problem(s), in as close and unbiased a way as possible, 

and must consider the relative importance of the parameters, and how accurately the 

parameters represent real life.  As emphasized by Sterman (2000), the depicted model 

representation of reality does not necessarily need to be elegant and perfect, but should 

capture the key issues and information about the real system as much as possible. 
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Presumably, within the framework of SD, a model is supposed to enhance understanding 

of a real problem (Forrester 1991). Considering these rationalisations, SD modelling 

methodology will be suitable and able to assist in addressing the current research problem, 

considering the shortcomings of the statistical techniques currently employed in 

understanding the drivers of cost overrun in highway projects. 

3.8 System Dynamics Modelling Tools 

In SD modelling, several tools have been designed to assist in developing valuable, 

trustworthy, and effective models that serve as virtual environments for experimentation, 

so that learning and the design of effective policies for improvement can be undertaken. 

The following are the tools: 

3.8.1 Causal Loop Diagrams 

According to Sterman (2000), CLDs are diagrams utilised for the visualisation and 

communication of the relationships of interest in a particular system. They show the 

relationships between the cause and effect of various variables within a system, in a 

manner that emphasises the complete and extremely interconnected nature of the problem 

of interest, thereby capturing the holistic interconnection of the variables in the system. 

Thus, CLDs which are based on the philosophy of system thinking and SD present 

themselves as powerful tools, because of their ability to conceptualise how different 

structures of the system interact with each other (Sherwood, 2002). They visually 

characterise the feedback loops amongst the various components of the system under 

study. These feedback structures are explicitly presented using a CLD in Figures 3-1 and 

3-2, which is part of the CLD of this research work presented in Chapter 8.  

 

Figure 3-1: Simple causal loop diagram (reinforcing loop) 

Work to be executed

Quality defects
+

+

R
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Figure 3-2: Simple causal loop diagram (balancing loop) 

As clearly shown in Figures 3-1 and 3-2, CLD as an SD tool is used to present the 

feedback loops of a portion of the whole system under study. A loop is a closed system 

that is made up of a number of variables (factors) representing part of the system’s 

variables and causality. However, to formally represent a causal relationship in a CLD, 

arrows and signs at the end of the arrows are usually utilised (Sherwood, 2002), as can be 

seen in Figures 3-1 and 3-2, with the variable (factor) at the tail of the arrow 

understandably affecting the variable (factor) at the head of the arrow (Sterman, 2000). 

Thus, under ideal circumstances, i.e. when all other variables within the system remain 

constant, the cause and effect relationship is informed and represented by the sign i.e. 

positive (or plus) sign and negative (or minus) sign at the head of the arrow (Sherwood, 

2002).  

The positive sign (“+”) signifies a movement in a direction such that the causing variable 

and the variable affected move in the same direction whenever the causing variable 

changes, as shown in Figures 3-1 and 3-2. 

The negative sign (“- “) signifies a movement in a direction such that the causing variable 

and the variable affected move in opposing directions whenever the causing variable 

changes, as shown in Figures 3-1 and 3-2. 

However, Sterman (2000) opined that, aside from the different signs in the individual 

links, a feedback loop is also present, which signifies the flow and return of information 

within the system under study. 

➢ Feedback loop  

According to Forrester (1969), a feedback loop represents the basic building block of all 

systems, and it is the source of the dynamic behaviour of a system (Sterman, 2000); it can 
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be in the form of a reinforcing (positive) or balancing (negative) feedback loop (Senge, 

2006). Furthermore, the whole loop is marked with an identifier signifying whether it is 

a reinforcing or balancing loop. 

According to Sterman (2000), a loop is considered to be a reinforcing or balancing loop 

depending upon the number of minus signs present in all the links in the system that 

constitute the loop. A reinforcing loop (indicated by  or  ) exists in a system 

when the number of minus signs is even, or where there are no minus signs, as shown in 

Figure 3-1. A balancing loop (indicated by  or  ) exists in a system when the 

number of minus signs is odd, as shown in Figure 3-2. 

Hence, to enhance the understanding of a feedback loop, the reinforcing and balancing 

loops in Figures 3-1 and 3-2 are interpreted below. The interpretation of the reinforcing 

feedback loop between the following variables: work to be executed, work execution rate, 

and quality defects, is described in detail in Chapter 8, section 8.2.3.  

An increase in work to be executed has the potential to increase the amount of work with 

quality defects when the work is not properly executed (depicted by a positive influence 

‘+’ sign). An increase in the work with quality defects will increase the amount of work 

to be executed, because it must be corrected (depicted by a positive influence ‘+’ sign), 

and thus closes the loop. Therefore, the feedback loop involving work to be executed, 

work execution rate, and quality defects describes a reinforcing loop, as shown by the R 

sign (see Figure 3-1). 

Similarly, the interpretation of the balancing feedback loop between the following 

variables: work progress, work properly accomplished, work effort remaining to be 

executed, remaining time to complete project, required work rate, work execution rate, 

required labour workforce, and labour workforce is described in detail in Chapter 8, 

section 8.2.3. 

An increase in the work effort remaining to be executed will increase the required work 

rate (depicted by a positive influence ‘+’ sign), which in turn increases the amount of 

labour workforce required to accomplish the remaining work (depicting a positive 

influence ‘+’ sign). An increase in the required labour workforce will increase the labour 

workforce (depicting a positive influence ‘+’ sign), and that means that the work progress 

achieved will increase as a result of improved manpower commitment (depicting a 

positive influence ‘+’ sign), which in turn increases the rate at which work is executed 
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(depicting a positive influence ‘+’ sign); that will improve the work properly 

accomplished (i.e. the higher the work execution rate, the higher the work properly 

accomplished, thus depicting a positive influence ‘+’ sign). An increase in work properly 

accomplished will in turn decrease the work effort remaining to be executed (depicting a 

negative influence ‘-’ sign) and thus close the loop. Therefore, the feedback loop 

involving the variables: work progress, work properly accomplished, work effort 

remaining to be executed, remaining time to complete project, required work rate, work 

execution rate, required labour workforce, and labour workforce describes a balancing 

loop as shown by the B sign (see Figure 3-2). 

3.8.2 Stock and Flow Diagram 

Although CLD emphasises the feedback processes of a system, SFDs are more elaborate, 

as they represent the physical structure of a system and the balance of inflows and 

outflows of material and data in a system (Sterman, 2000). The major impact of stocks in 

a dynamic system is the creation of imbalance in the rates of flow, i.e. the system relies 

on how the rates of flow are affected by the accumulation in and out of the stocks. 

Apparently, this also has an impact on the delays in response to flows of material and data 

and, as a consequence, on decision making (Sterman, 2000). A typical SFD, which is part 

of the main SFD of this research study, is presented in Figure 3-3.  

 

Figure 3-3: Illustration of a stock and flow diagram 

As depicted in Figure 3-3, the variable “defective execution of work” is an outflow drain 

on the stock work to be executed, and accumulates as an inflow to the stock quality defects 

variable, which is a state variable. In addition, the defective quality defects rate as an 

inflow accumulates the work to be executed, and drains the stock quality defects as an 

outflow. 
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In typical SD modelling, levels or stocks are measured in units (e.g. work to be executed, 

and quality defects which are stocks are measured in Tasks), and rates or flows are 

measured in units per unit time (e.g. defective execution of work and detecting quality 

defects rate are measured in Tasks/month). The structural representation of stocks or 

levels is in the form of rectangles, whilst flows or rates are represented by an arrow-like 

shape with a valve (signifying that it can be regulated) (Vennix, 1996), as presented in 

Figure 3-3. Flows can be in either direction (i.e. bi-flows), or in one direction (i.e. uni-

flows). Together with the flows are sinks and sources, which are represented by a cloud. 

A source symbolises the origin of a flow arising from outside the model boundary, 

whereas sinks represent the stocks into which the flows that are exiting the model 

boundary drain (Sterman, 2000). 

As highlighted above, SFDs are more complex and elaborate than CLDs; they are used 

to develop the model algorithms representing the interactions between variables, which 

are used to derive the behaviour of the model (see Figure 3-3). Hence, connecting the 

feedback structure and the physical structure of the SFD aids in understanding the 

dynamics of the system. However, rates are determined by constants and exogenous 

variables, which themselves are presented as stocks. The rates of flow characterise 

activities, whereas the resultant stocks are measured by the stocks themselves (Forrester, 

1961). 

3.9 Dynamic Behaviour 

The behaviour of the whole structure of a system is defined by the various forms of 

interaction amongst the variables. The combination of feedback mechanisms and CLDs 

determines the forms of interaction, elucidating the characteristics of real life phenomena 

that are a representation of a complex world (Senge, 2006). However, it is revealed that, 

by discovering and modifying the structure of a system, there is the possibility of 

eradicating the problematic pattern of behaviour completely. The model output presented 

in Chapter 8 comprises of one or more forms of behaviour presented in Figure 3-4 as 

advocated by Sterman (2000). 
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Figure 3-4: Patterns of behaviour 

Adapted from Sterman (2000) 

3.10 Phases of the Modelling Process  

SD models endeavour to ensure that the feedback processes which are responsible for the 

generation of the problem in the system are identified and understood, and hence search 

for the dynamic processes that underlie the system’s behaviour (Vennix, 1996). In the SD 

approach, two distinct (but intertwined) approaches are combined in the process, but with 

different bases of research design. The two distinct phases are: the quantitative and 

qualitative phases. According to Vennix (1996), the qualitative phase of the process 

entails the articulation of the problem and its conceptualisation, whilst the quantitative 

phase improves and extends the conceptual modelling to the comprehensive SD model 

development which involves simulation (Sterman, 2000). In line with these phases, it is 

worth mentioning that both the qualitative and quantitative modelling serve as the 

methodology utilised in this study. 

Hence, it is vital to ensure that the two phases of the modelling process are clearly 

understood before embarking on the overall modelling endeavour. The conceptual and 

formal structures afford a setting whereby the perceived assumptions and thoughts of the 

stakeholders about the system are translated into meaningful ideas, which are easily 

communicated to others both within the setting and beyond (Richardson and Pugh, 1981). 

Furthermore, the processes in the various phases are iterative in nature. Table 3-1 presents 

a highlight of the key features of the two phases. 
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Table 3-1: Qualitative vs Quantitative system dynamics 

Qualitative system dynamics Quantitative system dynamics 

Diagram development and 

analysis stage 

Simulation stage 

Stage One Stage Two 

To develop and assess system 

feedback structure using 

resource flows represented by 

stock and flow variables, flows 

of information, symbolised by 

auxiliary variables. 

To investigate the quantitative 

behaviour of the whole system 

variables over time. 

To develop alternative 

system control strategies 

and structures on the 

basis of 

(a) intuitive ideas 

(b) control theory 

analogies 

(c) control theory 

algorithms in relations to 

non-optimising robust 

policy design 

To offer a qualitative evaluation 

of the 

relationship between system 

processes (such delays), 

strategy, information, and 

organisational boundaries 

To investigate the sensitivity and 

validity of system behaviour to changes 

in 

(a) information structure 

(b) strategies 

(c) uncertainties/delays 

To optimise the behaviour 

of particular system 

variables 

To estimate the behaviour of 

system and to suggest strategy, 

design, and changes to improve 

system behaviour 

  

Adapted from Wolstenholme (1990) 

3.10.1 Qualitative System Dynamics Phase 

This phase is the first stage of the modelling process. It is mainly based on developing 

the cause and effect diagram (also known as an influence diagram or CLD) and analysing 

the system according to rigorous and precise rules (Wolstenholme, 1990). The diagrams 

are developed from detailed information obtained from the mental model of system 

actors. However, SD models are often described as taking a feedback perspective of a 

situation. This feedback structure of a system is a determinant of its behaviour over time. 

These diagrams offer a graphical presentation of the perceived thoughts and assumptions 

about a system by individual actors, translated into useable ideas which can easily be 

communicated to others (Wolstenholme, 1990). 

Once these diagrams have been created, they can be utilised qualitatively to explore 

alternative structures and strategies, both within the system and its environment, which 

might prove to be very beneficial to the system. Although this stage does not involve 

simulation, it is still possible (by studying the feedback loop structure of the diagrams) to 

estimate the likely general direction of the systems behaviour (e.g. growth or decline). 

Furthermore, by using some experiences from the results of the quantitative simulation 

modelling in other systems, it is possible to apply guidelines for redesigning the structure 
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of the system and strategies to improve the behaviour of the system (Wolstenholme, 

1990). 

3.10.2 Quantitative System Dynamics 

This phase is the second phase of the modelling process. It involves simulation modelling, 

using a purpose built computer software package. This is a more conventional phase of 

the modelling process, as it involves how the variables are related in the diagram, 

calibrating the necessary parameters and the formulation of the simulation equations, and 

subsequent experimentation (Wolstenholme, 1990). Despite the fact that numerical 

values are attached to variables at this phase, it should be noted that the quantitative 

method is not aimed at accurate prediction, but is more concerned with the shape of the 

change over time (Richardson and Pugh, 1981). 

The development of computers and associated software in recent years has significantly 

enhanced the power of quantitative SD. The creation of computer simulations of dynamic 

models has been a significant factor in improving systemic understanding, because of the 

limitation in the cognitive ability of the human brain to process complex problems without 

the help of computer simulations (Wolstenholme, 1990). 

However, in order to build confidence in the behaviour of a model over a full range of 

parametric values, comprehensive testing is necessary (Coyle and Exelby, 2000, Senge 

and Forrester, 1980). According to Sterman (2000), building confidence in models should 

commence as soon as the first equation is written, in order to ensure that the model is 

functioning appropriately and effectively. SD is considered to be robust for the purpose 

of investigation when integrated with qualitative modelling. 

The objective of a modelling endeavour is to enhance the understanding of the 

relationships between the feedback structure and a systems’ dynamic behaviour, so that 

necessary and high leverage policies for enhancing the problematic behaviour may be 

developed (Richardson and Pugh, 1981). 

SD allows us to analyse systemic structures, and the mechanisms of feedback and delay 

(which produce counter-intuitive behaviours which often defy the efforts of decision 

makers), due to the iterative nature of modelling, i.e. by building, revising, comparing, 

changing, and improving our understanding of the system in each cycle of iteration 

(Sterman, 2000). Simulation provides a very powerful graphical vehicle for the 

demonstration of the dynamic behaviour of systems, which would otherwise have been 

beyond our capability to envisage due to our cognitive limitations. Also, the combination 
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of qualitative and quantitative modelling offers a vehicle for simulating the effects of 

policy change, and enables the appraisal of alternative policies in a virtual environment 

before implementing them in a world where the consequences of those strategies might 

be dire and irreversible (Sterman, 2000). 

3.11 System Dynamics Modelling Process 

Despite categorising the process into qualitative and quantitative phases, a model detailed 

description is given based on a disciplined process, as reported by different authors, which 

consists of five basic steps as shown in Figure 3-5 (Richardson and Pugh, 1981, Coyle, 

1996, Morecroft, 2015, Sterman, 2000). 

 

Figure 3-5: System dynamics modelling process 

Adapted from Sterman (2000) 

a. Problem Articulation 

This is the first and most vital stage in the modelling process. This stage involves 

recognising the problem to be addressed and the purpose of the model. At this stage, no 

numerical data is required. Despite the importance of data, the main focus is the dynamic 

problem, in which a variable is not usually quantified. It is even possible that the modeller 

knows the dynamic behaviour of interest without reference to data (Richardson and Pugh, 

1981). Additionally, Sterman (2000) posited that the modeller typically develops the 

initial characterisation of the problem through consultations, complemented by archival 

research, interviews, and direct observation. Hence, Coyle (1996) emphasized that 

qualitative modelling can be valuable in its own right, and that there is no need for 

quantitative data in order to understand and articulate the problem in question. 
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b. Formulating a Dynamic Hypothesis 

In this stage, the theory about how the problem arose, called the dynamic hypothesis, is 

developed. The dynamic hypothesis accounts for the problematic behaviour exhibited. 

According to Sterman (2000), the dynamic characteristic of the theory provides an 

explanation of dynamics characterised as a result of the underlying feedback and stock 

and flow structure of the system. The conceptual model structure that is usually derived 

from the first stage, and the modeller’s understanding of the system, is described by CLDs 

(Park, 2005). At this stage, other tools utilised include: model boundary charts, reference 

mode diagrams, SFDs, and subsystem diagrams (Sterman, 2000).              

c. Formulating a Simulation Model 

The conceptual model developed (i.e. the CLD) is the hypothesis about the structure of 

the system which must be verified. However, to do so, a formal simulation model (a SFD) 

is usually created. According to Coyle (1996), the simulation model is another version of 

the CLD, but written in equations and computer codes as opposed to arrows and text. In 

this stage, the behaviour of variables over time is determined using computer simulation. 

Because of the limitation of the mental model, the formalisation of the conceptual model 

helps to unearth the flaws and resolve contradictions that went undetected during the 

previous stage (Sterman, 2000). 

d. Testing 

The fourth stage in building a SD model is the testing stage. These tests (such as extreme 

condition tests, and dimensional consistency tests) are very important tools in discovering 

the flaws in a model, and set the stage for improved understanding (Sterman, 2000). 

Sterman (2000) further stated that testing begins as soon as the first equation of the model 

is written. Senge and Forrester (1980) identified and described 17 tests at this stage of 

model development. For example, in the structure verification test, “the model must not 

contradict knowledge about the structure of the real system. Structure verification may 

include a review of model assumptions by persons highly knowledgeable about 

corresponding parts of the real system. Structure verification may also involve comparing 

model assumptions to descriptions of decision making and organizational relationships 

found in relevant literature. In most instances, the structure verification test is first 

conducted on the basis of the model builder's personal knowledge and is then extended 

to include criticisms by others with direct experience from the real system". In the same 

vein, Randers (1980) established how the test should be performed and who should take 

part in it, by suggesting that “…the modeller should not restrict himself to the small 
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fraction of knowledge available in numerical form fit for statistical analysis. Most human 

knowledge takes a descriptive non-quantitative form…Model testing should draw upon 

all sources of available knowledge”. These statements highlight the significance of model 

substantiation with experts and practitioners in the field of study. 

e. Policy Design and Evaluation 

This is the last step of the modelling process. Once the validity of the model has been 

established, it is then experimented with various policy options. This involves simulating 

potential changes to the system: to see what effects they have, and to try to understand 

those effects by thinking about the system's loops (Coyle, 1996). Equally, Sterman (2000) 

reiterated that designing policies is beyond manipulating the parameter values within the 

system, but includes creating entirely new policies by overhauling and redesigning the 

physical and behavioural structures of the system. 

Summary  

The modelling framework utilised in the current research study has been presented in this 

chapter. The chapter began with a brief introduction, which was followed by a brief 

explanation of a model and the choice of modelling method. Furthermore, the justification 

for utilising SD as a suitable technique in the research study was highlighted (and SD is 

found capable of addressing the research problem). The chapter also highlighted the 

application of SD in construction management. In addition, the application of SD to the 

current research was presented. The basic SD modelling tools (CLDs and SFDs) were 

briefly described, as well as the various modelling phases in SD.
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Chapter 4: Research Design and Methodology 

4.1 Introduction 

Chapter 1 introduced the background of the research, knowledge gaps, and the rationale 

for the study. Chapter 2 reviewed literature on the concept of cost overruns and their 

driving factors in general construction projects (and specifically highway projects) from 

a global perspective and the Nigerian context and concluded that cost overruns are 

systemic and potentially substantial in publicly funded projects, due to multiple triggers. 

Consequently, the review established that the existing methodological approach 

employed (i.e. conventional statistical techniques) is inadequate in evaluating the 

systemic and intricate nature of cost overrun triggers in highway projects. Chapter 3 then 

provided a detailed description of the modelling framework that was utilised in this study. 

It provided the basis and justification for using SD as a suitable technique in the research 

inquiry. Furthermore, the application of SD in construction management research was 

highlighted, and its application to the current study was presented, as well as the key tools 

of the SD technique. The chapter conclude that SD methodology has the ability to 

incorporate the complex and dynamic nature of the triggers of cost overruns in highway 

projects. These reviews were the basis of the key research questions in section 1.3. The 

research questions focused on exploring the driving factors of cost overrun in highway 

projects within the Nigerian context, how these factors are interrelated, and how to model 

the interrelationship. This chapter presents a detailed and explicit account of the research 

design and methodology adopted to address the main research questions raised in chapter 

one. Section 4.2 discusses the elements of a research design framework, focussing on how 

the research paradigms and methodology, research strategies and methods, work 

collectively to shape and guide the research study. Sections 4.3 and 4.4 centre on research 

paradigms and philosophy, whilst section 4.5 presents the research strategy and design. 

Section 4.6 presents an analysis of the case study, and section 4.7 presents a brief 

summary of the main sub models of the conceptual model of key influencing drivers of 

cost overruns.  

4.2 Elements of a Research Design Framework 

Research design entails the process a researcher follows to find answers to the research 

questions of a study, i.e. a structural outline which guides the overall process for 

collecting and subsequently analysing data (Hassan and Ghauri, 2014). Numerous 

research design methodologies have evolved over the past years, incorporating a range of 

impacts and the current scientific knowledge. These approaches have become more and 
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more complex and diverse, as explicated by several authors such as Sarantakos (2005), 

Morgan (2007), and Bryman (2012). The intricate nature of the research design procedure 

is demonstrated in well-structured design frameworks, which eventually provide the 

standards and tenets of research practice (Sarantakos, 2005). The evolution of the 

numerous frameworks is driven by advancements in technology and the ever changing 

societal and economic conditions in the 21st century. Hence, the research design 

framework advocated by Creswell (2009) was adopted as a useful guide, to assist with 

the design of an appropriate research strategy to address the study aim and objectives. 

The three vital components suggested by Creswell (2009), that must be explored in the 

design of a research strategy for any study, encompass: a. philosophical assumptions 

concerning knowledge claims, i.e. paradigms; b. the strategies of research inquiry, i.e. 

general procedures of research; and c. the comprehensive processes for the collection of 

data, analysis of data, and writing, i.e. research methods. The framework is demonstrated 

in Figure 4-1. Ensuing sections will present and discuss a review of the components of 

this framework and its fundamental assumptions. Accordingly, the plan of this research 

study, founded on the adopted framework, is proposed. 

 

Figure 4-1: Research design framework – Interconnection of worldviews, 

strategies of inquiry and research methods 

Adapted from Creswell (2009) 

4.3 Research Philosophical Considerations  

Research is very important as a process of enquiry and investigation, but the meaning 

attached to it varies with people (Amaratunga et al., 2002). Therefore, it is vital in any 
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research process to consider the philosophical assumptions to be made about how and 

what will be learnt, as this explicitly clarifies the overall structure of the research enquiry, 

as well as the manner in which the data is collected, analysed, and interpreted. Guba 

(1990) posited that philosophy devises means for researchers to interpret knowledge, how 

they see themselves relative to that knowledge, and the numerous strategies they employ 

to obtain the knowledge. Thus, it is crucial for researchers to ensure that there is 

uniformity between the methodologies they choose and the theoretical viewpoints they 

adopt (Scotland, 2012, Crotty, 1998). As contended by Ponterotto (2005), it is imperative 

for researchers to first identify and discuss a research paradigm (philosophy) before 

becoming involved in the research inquiry. In this regard, it is vital to understand a 

research paradigm, as this informs the system of belief that frames our understanding of 

valid knowledge, and thus provides a context within which a research study is conducted 

(Denzin and Lincoln, 2005, Saunders et al., 2009). 

4.4 Research Philosophy and Methodological Paradigms  

The term ‘philosophy’ refers to a ‘system of belief and assumption about the fundamental 

nature of knowledge, reality, and existences’ (Oxford Dictionary, 2020). Philosophy, in 

the realm of academic investigation, provides the outline of: how to perform a research 

study (based on the beliefs and assumptions of the researcher), what is valid as 

knowledge, and what procedures should be employed to accomplish knowledge (Denzin 

and Lincoln, 2005, Saunders et al., 2009). As advocated by Saunders et al. (2009): 

“Our values can have an important impact on the research we decide to pursue and the 

way in which we pursue it. This may not lead to any form of discord, but it may mean that 

some observers accuse us of untoward bias”. 

Historically, the concept of a paradigm was first reported by Thomas Kuhn in 1970, as 

“universally recognised scientific realisation, which provide model for problems and 

solutions to community of practitioners” (Kuhn, 1970). Furthermore, Easterby-Smith et 

al. (1991) mentioned that paradigms often influence the methodological choices we make 

as researchers in any field of research investigation. Likewise, Fellows and Liu (2008) 

remarked that paradigms are sets of theoretical frameworks by which researchers view 

knowledge, events etc. As such, it signifies that paradigms are not only employed as a 

lens to see how specific views are adopted, but also as an avenue to investigate and 

uncover new knowledge. Therefore, within the realm of social investigation, Blaikie 

(2007) described research paradigms as the wider philosophical and theoretical beliefs, 

which present a platform for tackling and understanding issues of a social nature. 
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Accordingly, Blaikie (2007) emphasized that research paradigms provide an avenue to 

logically link people’s understandings and views, within the broader context of the social 

world in which they live. Blaikie (2007) used the term ‘research paradigms’ to describe 

the theoretical foundations of an investigation (which are framed by certain ways in which 

the social world is viewed), and the understanding that emanates from such beliefs. 

Consequently, a research paradigm as described by Denzin and Lincoln (1994) is a 

philosophical choice taken by a researcher that reveals some basic views which guide an 

action of research.  

These views and traditions drive research investigation within a research discipline, 

providing structures and procedures with which investigations are to be conducted 

(Weaver and Olson, 2006). Likewise, as elucidated by Killam (2013), paradigms are 

basically ways of thinking about the world in which we live in. This implies that a 

paradigm is a system of beliefs that shapes our understanding, as researchers, of the world 

which we inhabit. The summary of the four core elements of a research paradigm is 

presented in Figure 4-2, which emanates from the philosophical assumptions classed as 

ontology and epistemology, which are strongly contested in the domain of social science.  

 

Figure 4-2: Elements of a research paradigm 

Adapted from Hay (2002) 

As revealed by Bryman (2012) and Saunders et al. (2012), the two main assumptions that 

guide an entire research process are: ontology, i.e. assumptions about the reality we 

encounter in our research; and epistemology, i.e. assumptions about human knowledge. 

Thus, finding a robust philosophical viewpoint is a daunting task, as it entails explicit 

understanding of the ontological, epistemological, and methodological directions. Yet, 

without appropriately establishing the philosophy guiding the research, the achievement 

of a robust research framework will be very difficult and challenging, because the 

philosophical assumptions inevitably govern: the way knowledge is accepted, how we 
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understand our research questions, the methodology we use, and how we interpret our 

findings (Creswell, 2013, Saunders et al., 2016). Despite the ongoing debate and positions 

on the meanings attached to these theoretical viewpoints, Johnson and Clark (2006) 

argued that the emphasis should not be on reflecting upon a chosen philosophical stance, 

but on justifying why the stance was taken in relation to alternate philosophical positions.  

4.4.1 Ontology 

From a philosophical perspective, Gray (2009) explains that ontology is concerned with 

the nature and perception of reality, i.e. the conception of what exists out there in the 

world, what is true, and how can we sort out existing things (Hughes, 1990, Saunders et 

al., 2012). It is thus a reflection of the researcher’s views on what constitutes reality 

(Scotland, 2012), and philosophically it is considered as the study of our existence and 

the fundamental nature of reality (Crotty, 1998). This implies having a broad knowledge 

of the social world and its characteristics (Creswell, 2013). The main goal of ontology is 

to guide researchers in discovering existing knowledge and sorting out how the identified 

knowledge can be presented. Accordingly, different ontological viewpoints have been 

acknowledged in the literature. The view on ontology demonstrates the view of the 

researcher towards the concept of reality, i.e. whether the social phenomena are objective 

realities external to the social actors, or a social construction built up from the perceptions 

and actions of the social actors (Dainty, 2008, Saunders et al., 2016). Hughes (1990) 

therefore summarised the question of ontology as hinging on the nature and significance 

of empirical inquiry, as to whether or not the world is realistic. 

At the ontological level of research philosophy, these positions are mapped out from two 

extremes of the scale (Bryman and Bell, 2003), i.e. realism and relativism, which frame 

the lenses with which researchers look at social phenomena. Under the realist school of 

thought, the social phenomena and their meanings exist in isolation from social external 

influences. The principles of realist ontology are that: 

o There is a single reality and a single answer to that reality 

o The observer is isolated and detached from reality 

o Reality can be researched through reductionism 

o The main interest is facts and not meaning 

o Reality should be defined and manipulated instead of understood and appreciated 

As opposed to realism, relativism emphasises that reality is shaped and created by human 

actions, i.e. reality is subjective and differs from person to person (Guba and Lincoln, 

1994). This position assumes that truth should not be authenticated based on the 
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structured process used in discovering it, and that there are multiple truths. Also, the 

position understands that social phenomena are formed as a result of social interactions 

and are subject to change (Easterby-Smith et al., 1991). The principles of relativism are 

that: 

o There are multiple realities and multiple understandings 

o The observer is not isolated and detached from reality 

o Reality can be researched through holism 

o The main interest is in meanings and not facts 

o Reality should be understood and appreciated instead of defined and manipulated. 

Hence, social phenomena are formed from the interactions of social actors and 

constant states of change. 

In terms of this research, an ontological stance had to be taken, adopting either a singular 

(a world exists out there independent of our knowledge), or multiple (there are numerous 

ways of viewing the world) view of reality. This choice was made with consideration of 

the fundamental nature of the phenomenon being studied: ‘Cost overruns in highway 

projects in Nigeria’, with a view to providing a thorough and in-depth understanding of 

the triggers from the lens of SD. Therefore, the ontological stance of this study leaned 

towards social constructivism, i.e. relativism, which considers reality as a co-construction 

between the social actors (i.e. the participants and the researcher). It is a view that is 

founded on subjectivity with social interaction and textual phenomena. Based on the 

preceding discourse, it is evident that an ontological assumption is important, as it guides 

the researcher to understand the existing nature of reality in the world, before embarking 

on investigating how to understand and know that existing reality, i.e. epistemology. 

4.4.2 Epistemology 

Epistemology entails the construction of knowledge, with emphasis on “how we know 

what we know or what are the most acceptable means to reach the truth”. It is concerned 

with the way in which the world is known and learnt, and centres on issues such as how 

we can learn about reality and what forms the foundation of our knowledge (Ritchie, 

2013). According to Guba and Lincoln (1994), to understand epistemological issues, the 

researcher should answer the question: “what is the nature of the relationship between the 

knower or would be knower and what can be known?”  To describe epistemology, Hughes 

(1990) made use of the phrases: “What counts as fact?”, and “What is the character of 

our knowledge of the world?”. As explicated by Saunders et al. (2009), epistemology 

centres mainly on what is deemed acceptable knowledge for a specific study or discipline, 
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i.e. “how we know” and the  process by which the knowledge is obtained. It thus entails 

exploring the relationship between knowledge and the researcher throughout the 

knowledge discovery process (Killam, 2013). Also, as espoused by Blaikie (2007), 

epistemology examines: the knowledge that is produced from the discovery process, how 

the knowledge was developed, and the criteria adopted to distinguish valid from invalid 

knowledge. In light of this, the researcher’s view of the nature of knowledge, and what 

constitutes acceptable knowledge, influenced the approach to this study, because every 

study must suggest a particular epistemological direction. Epistemological perspectives 

are bounded by the orthodoxies of positivism and interpretivism. However Crotty (1998) 

described epistemological views as objectivism and constructivism, while in the view of 

Grix (2001), they are positivism and interpretivism.  

Table 4-1: Summary of philosophical viewpoints 

 

Adapted from Fitzgerald and Howcroft (1998) and Bryman (2004) 

As described by Gray (2009), positivism was the dominant philosophical stance in the 

1930’s, through to the 1960’s. This philosophical position is based on the epistemological 

view that, due to the law-like propositions that govern the behaviour of human beings, 

natural science methods can be used to enquire into the study of social phenomena, and 

that it is possible to carry out an independent, objective, and value-free social research 

(Saunders et al., 2009, Ritchie, 2013). This stance also promotes research designs based 

on quantitative orientation, that employ existing theories to develop and test hypotheses 

with sample populations, to substantiate statistical generalisations of a developed 

knowledge or theory (Orlikowski and Baroudi, 1991, Saunders et al., 2007, Bryman, 

2008). With this stance, the researchers are to focus on measurement and observation. 

Also, this thrust follows the pattern of realist ontological orientation, which is 
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underpinned by fundamental laws, causal relationships, and reductionism (i.e. reduction 

of events into simplistic interpretations). On the other hand, the interpretivist 

philosophical stance has been identified in the literature as critical, and outspokenly 

opposing the positivist stance, as it is rooted in relativist ontology (see Table 4-1). 

Historically, the evolution of interpretivism can be traced back to the prolonged history 

of the denunciation of positivist ideology (Hammersley, 1993), based on the difference 

between the subject of study in natural science and social sciences, which therefore 

warranted different methodological approaches (Fellows and Liu, 2008). It has been 

contended that the researcher is attempting to derive meaning from the complexity of 

participants’ views, contrary to narrowing down to a limited set of ideas (Creswell, 2003). 

The main argument offered by proponents of the interpretivist tradition was: 

“Rich insights into this complex world are lost if such complexity is reduced entirely to a 

series of law-like generalisations” (Saunders et al., 2009). 

Bryman (2012) contended that social scientists must approach research differently from 

the proponents of natural science tenets, in order to understand the subjective meaning of 

a social context. Some authors attached to this ideology believed that knowledge was 

socially constructed, and therefore instead of testing assumptions, the researcher served 

as an observer looking to identify the diverse interpretations available, and to gain an 

understanding about how these shaped one another and the object of interest (Rodela et 

al., 2012). They argued that, in practice, there was neither objective reality nor objective 

truth in the world (Sarantakos, 2005). 

Typical studies that are based on interpretivist philosophy are generally considered to be 

qualitative research. This is where researchers try to mentally comprehend and divulge 

the explanations that different people have regarding an issue. This imply that the role of 

researchers in this context is the interpretation of the social actions of other people, based 

on their own self values and previous knowledge in their field of study (Saunders et al., 

2007). Hence, in this philosophical stance, discoverable truth and reality are socially 

constructed, and interpreted in and out of interactions between humans and their world, 

rather than existing independently, thus researchers understand and ascertain truth and 

reality through the participants and their own perspective (Crotty, 1998, Ritchie, 2013, 

Bryman, 2015). This also implies observing events through the standpoints of the 

participants in order to acquire truth and reality, which will entail extensive discussions 

with different participants. 
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Based on the preceding discourse, it is evident that choosing an epistemological stance 

will guide and influence the researcher’s choice of methodology. Thus, the 

epistemological stance of this study leaned towards the interpretivist paradigm, and the 

justification for this is presented in the ensuing section.  

4.4.3 Philosophical Position of this Research Study: Interpretivist Position 

It is often contended that choosing a research philosophy by the research community is 

generally an intuitive choice, often aligned with the researcher’s ontological and 

epistemological positions and preferences, which may not confirm the consistency and 

robustness of the research effort (Holden and Lynch, 2004). Collis and Hussey (2009) 

argued that there is no philosophical position that has superior capabilities over another, 

but rather the choice of any position is strongly dependent on the objectives and problem 

of the study, or the tradition that has been practiced in the particular discipline. As such, 

after considering and evaluating the most widely used paradigms within the domain of 

social sciences in the preceding sections, i.e. positivism and interpretivism, it was vital 

for this research study to align its own philosophical position to guide the research design, 

and accomplish the aim and objectives expected of the study. Numerous opinions have 

been expressed on the significance of choosing a philosophical position to situate a 

research process, as emphasized by Grix (2001), Holden and Lynch (2004), Rooke and 

Kagioglou (2007), Fellows and Liu (2008), Dainty (2008), and  Saunders et al. (2012).  

For instance, Holden and Lynch (2004) posited that, “It is our contention that research 

should not be methodologically led, rather that methodological choice should be 

consequential to the research philosophical stance and the social science phenomenon to 

be investigated”. 

Therefore, ontologically, this study aligns itself to the stance of relativism, also referred 

to as ‘constructivism’, due to its alignment with methodologies that will enable this study 

to critically understand the investigative research subject. Equally, the researcher believed 

that multiple realities are subjective and a construction of the participants’ beliefs. 

Moreover, by aligning the study to this viewpoint, the views, opinions, concerns, and the 

meanings participants attribute to their issues would be understood (Cole, 2006, Fellows 

and Liu, 2008). 

The study seeks to explore and understand the key driving factors of cost overrun in 

highway projects in Nigeria from the lens of SD, and thus to improve the cost 

performance of highway projects. This can be achieved by developing a SD model 

through elicitating the mental data of stakeholders who are knowledgeable about the 
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problem under investigation. Equally, as explicated by Luna‐Reyes and Andersen (2003), 

eliciting information from the mental database of social actors about their perspectives 

and understanding of the social world requires an interpretivist approach, because it is 

only those social actors involved in a social context that have the necessary and needed 

information about a particular problem. Consequently, considering the collective 

interpretations of Checkland (1981) and Lane and Oliva (1998) regarding systems’ 

philosophical standpoints, this study presumed that developing a SD model incorporating 

the key driving factors of cost overrun in Nigerian highway projects could probably only 

be accomplished by engaging stakeholders: in whose heads the relevant information 

resides.  

This study therefore employed the philosophy of SD modelling with the contribution of 

the stakeholders, via the elicitation of knowledge and experience through interviews, 

buttressed by enhancement with a textual data base (grey and empirical literature), and 

used this to develop the conceptual qualitative model. This is in line with the proclamation 

of Forrester (1969): that SD inquiry develops from an epistemological viewpoint that is 

established around the centrality of the knowledge that resides in the heads of the system 

actors (mental models). Therefore, the relativist paradigm is the main ontological belief 

of this research, as knowledge is subjective and not independent of the researcher. Also, 

epistemologically, exploring the mental minds of stakeholders to understand the 

contextual basis and circumstances in which the driving factors take place, is crucial. In 

this regard, it is vital to incorporate multiple perspectives from participants in highway 

organisations as suggested by Sterman (2000). Their accounts of their experiences have 

to be obtained and interpreted by the researcher, in order to understand the complex 

triggers leading to cost overrun in highway projects.  

In view of this, the study is aligned to the epistemological position of interpretivism. 

Hence, at an epistemological level, the theoretical suitability of relying on the 

interpretative stance (as opposed to the positivist position) is based on the need to gain 

knowledge on the evolution of cost overruns through human subjects, who are the 

executors of projects, as well as the need to factor in the operational dynamics 

surrounding the process of highway project execution. This allows a deeper 

understanding and interpretation of the phenomena by the researcher. Thus, the utilisation 

of theoretical (textual data base) and empirical (interviews) information in developing the 

qualitative conceptual model (CLD), which served as the dynamic hypothesis (theory) for 

this study, positioned this research within the interpretivist philosophical stance. 
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4.5 Research Methodology 

After exploring and making the philosophical choices that underpin the study, it is equally 

crucial to elucidate how the study intends to attain the knowledge (Bryman, 2004). 

According to Birley and Moreland (1998), methods are grounded on the background 

philosophical underpinnings which frame the study. Thus, Denzin and Lincoln (2012) 

revealed that research methodology offers specific directions and procedures by which to 

achieve the research objectives. Two basic research strategies, i.e. quantitative and 

qualitative, have traditionally been espoused in most social science research; although 

they differ in many ways, they can complement each other (Neuman, 2006). Therefore, 

in establishing an appropriate research method for any research process, consideration 

must be given to the rationality that exists between data collection and data analysis, using 

a specific method which should be robust enough to achieve the overall research 

objectives (Birmingham and Wilkinson, 2003).  

Accordingly, the choice of the research method is informed by: the nature of the research 

problem and research questions (Crotty, 1998, Creswell, 2014), the body of knowledge 

in the research area, and the information which is accessible to the researcher (Reiter et 

al., 2010). This is because, according to Amaratunga et al. (2002), each method has its 

own specific approach to collecting and analysing data, and therefore exhibits different 

merits and demerits and suitability in different contexts. Fellows and Liu (2008) described 

research methods as, “a principle or procedure of a logical thought process which are 

applied to a specific investigation”. This is very significant, especially when the research 

is aimed at exploring and understanding a phenomenon, and particularly when little 

research has been done on it (Creswell, 2014). Therefore, any chosen method must seek 

to address the aim and objectives of the research in question. In this study, the need to 

analyse information from the accounts of participants (i.e. in the form of mental data) and 

literature sources (grey and empirical), is indicative that this research study leans towards 

the qualitative method, which is capable of providing methodologically robust 

explanations of the complex nature of cost overrun triggers. Thus, this research follows a 

qualitative research design and method. The two most widely used research strategies are 

examined in sections 4.5.1 and 4.5.2, and thus will elucidate the adopted choice in this 

research study. 
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Table 4-2: Fundamental differences between quantitative and qualitative research 

methods 

                                                        Quantitative research                     Qualitative research 

Objectives/purpose Gather factual data and study 

relationships between facts in 

accordance with theory. 

Study issues in depth and detail and 

seek to gain insight and understand 

people’s perceptions. 

Principal orientation to 

the role of theory in 

relation to research 

Deductive orientation and thus 

associated with theory and 

hypothesis testing. 

Inductive orientation and geared 

towards theory generation in specific 

instances. 

Epistemological 

orientation 

Natural science model, 

particularly positivism. 

Interpretivism. 

Ontological orientation Realist. Relativist. 

Research focus Specific focus. Holistic focus. 

Scale of studies Large scale studies. Small scale studies. 

Research designs Predetermined research design, 

i.e. it is specified before the start 

of the investigation. 

Emergent research design, i.e. it is 

flexible and develops throughout the 

investigation. 

Common data 

collection methods 

Objective collection of data is a 

requirement. Questionnaires, 

tests, closed ended questions, 

and existing databases. 

Objective collection of data is not a 

requirement. Semi-structured 

interviews, focus groups, observations, 

and documents. 

Data analysis Data is represented and 

summarised in numerical form 

based on statistical analysis. 

Data is represented and summarised in 

verbal form based on descriptive 

analysis. 

Research outcomes Conclusive findings used to 

recommend a final course of 

action. 

Exploratory and/or investigative, and 

findings are contextually driven. 

Researcher position Researcher detachment. Researcher involvement. 

Sample frame Samples are selected to represent 

the population. 

Samples that can provide the requisite 

information are purposefully selected, 

or single cases are studied. 

Adapted from Neuman (2006), Descombe (2007), Fellows and Liu (2008) and Bryman 

(2012) 

4.5.1 Quantitative Research Approaches and Methods 

The quantitative research method is grounded in the positivist paradigm, as outlined in 

Table 4-2. According to McLafferty Jr et al. (2010), the strategy entails the use of 

mathematical and statistical techniques to analyse numerical data generated from a 

sampling procedure representative of study populations, which aids the generalisation of 

developed theories (Descombe, 2007, Saunders et al., 2009, Creswell and Clark, 2011). 

The numerical nature of quantitative studies makes them amenable to statistical analysis, 

with trustworthiness further improved by larger sample sizes (Saunders et al., 2009). The 

main thrust of such statistical analysis is to detach the effect of specific factors relative to 

other factors of interest, often by detaching the factors from their circumstantial contexts. 

Quantitative studies thus involve the need for researchers’ detachment in the inquiry 

process, to isolate subjective influences from interfering with the research process 
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(Descombe, 2007). The research design is “pre-specified” at the start of the research 

(Robson, 2011). Hence, quantitative research typically follows a deductive process. This 

implies that it is conducted in a logical manner, i.e. from conceptualisation, 

operationalisation, and subsequently application of the operational description or the 

collection of data (Neuman, 2006). Quantitative research merges theoretical concepts to 

a measurement of processes that can generate comprehensive information in the form of 

numbers. They are objective in focus, whilst also trying to establish a trend in a study, 

and are concerned with answering questions such as, what? how much? and how many? 

(Naoum, 2012). Although the strategy affords the means for the collection of large 

amounts of data and the generalisation of research findings, the extremely well-defined 

research design presents a great constraint on such findings, as there are numerous ways 

to describe and clarify the occurrence of an event. Surveys and experiments are the two 

fundamental procedures employed in quantitative research. However, the goal of this 

study is not theory or hypothesis testing, nor is it to establish any form of generalisation, 

but rather to understand a phenomenon holistically from a social perspective. Hence, a 

complementary approach, that can discover and unearth the fundamental ‘real world’ 

environment, which also involves the hard-to-define factors that influence actual human 

behaviour (qualitative method), is typically preferred (Creswell, 2013). 

4.5.2 Qualitative Research Approach and Methods 

Qualitative inquiry emerged as a result of a reformist movement in the 1970’s, though its 

precise meaning is rather ambiguous. Denzin and Lincoln (2005) and McLafferty Jr et al. 

(2010) described qualitative research methods as, ”those approaches that primarily 

involve the use of non-numerical data, expressed and analysed in words”. Unlike 

quantitative methods, qualitative methods comprise of research designs that discover the 

meaning, interpretation, and the construction of knowledge using data mostly in the form 

of words and ideas rather than numbers. The interest is in inductive reasoning, meanings, 

and on the natural context in which the study is being conducted (Denzin and Lincoln, 

2011, Robson, 2011, Bryman, 2012). As explicated by Creswell (2009), qualitative 

methods begin with assumptions, worldviews, and potential theoretical underpinnings, 

and discover the meanings people or groups attribute to social or human problems. Miles 

and Huberman (1994) added that a qualitative research method is suitable when the study 

aims to develop new theoretical propositions, but the phenomena under investigation are 

largely uncertain. This implies that the approach belongs to the interpretivist 

epistemological research paradigm (Denzin and Lincoln, 2011, Robson, 2011, Bryman, 
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2012), which underscores the utilisation of words in the collection and analysis of data, 

rather than measurements and quantification. This enables research studies to effectively 

investigate problems contextually, and to develop explanations and solutions. Fellows 

and Liu (2008) contended that qualitative research pursues an understanding of the why, 

how, what, or where of an event, and feasibly the probable meaning attributed by the 

participants in a specific setting to such an event, in alignment with the study’s aim and 

objectives. 

Descombe (2007) observed that qualitative research is frequently adopted in small scale 

studies, which are comparatively more focused in terms of scope by virtue of the intensity 

of in-depth analysis of a phenomenon. This allows the researcher to be more vigorously 

engaged in the field, and to utilise subjective judgement to generate theories inductively, 

consistent with evolving trends in the collected data. Accordingly, Descombe (2007) 

described qualitative studies on the basis of the type of data analysed, which is typically 

textually or graphically obtained from a variety of empirical materials, and eventually 

describes routine and problematic moments and meanings in individuals’ lives. 

Documents, images, reports, observations, personal experiences, case studies, and 

interview recordings transcribed into text, are the foundation of detailed descriptive 

analysis of the study phenomena and subsequent theory generation. It is exemplified as a 

kind of logical empirical enquiry (grounded in the world of people’s knowledge) into 

rational meaning. Conversely, the social world is viewed as a creation of the participants 

involved, and not seeking objectivity and generalisability (Robson, 2011). Nevertheless, 

the method still faces criticism due to the lack of objectivity, and the inability to generalise 

the findings due to small amounts of data. To get around this criticism, multiple sources 

to data collection (i.e. interviews, project documents, and newspaper articles) and 

triangulation were used in this study. Equally, as explicated by Luna‐Reyes and Andersen 

(2003), qualitative research methods can be useful in all stages of developing a SD model. 

The two major categories of research methodology (i.e. quantitative and qualitative) are 

presented in Table 4-2. In a quantitative inquiry, the researcher’s role is to collect and 

analyse the data by ensuring the researchers’ detachment in the inquiry process, so as to 

prevent subjective influences from interfering with the research process (Descombe, 

2007). Approaches used in conducting quantitative research are: carrying out 

experiments, asking respondents questions through questionnaires, desk study using data 

collected by others, and statistical techniques (Fellows and Liu, 2008, Alvesson and 

Sandberg, 2011). Consequently, Orlikowski and Baroudi (1991) revealed that two of the 
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characteristics of this method are: the quantification of the meaning of variables, and 

testing hypotheses. In contrast, qualitative inquiry, which is described by Lincoln and 

Guba (1985) as a naturalistic inquiry, emphasises the collection of data with a focus on 

how people understand and interpret their social setting, which accommodates the 

investigation and evaluation of diverse interpretations. This is rooted within the lenses of 

relativist ontology and interpretivist epistemology, and thus employs inductive logic in 

the analysis of data. The main focus in qualitative research is the utilisation of diverse 

data collection and empirical analysis techniques, including: participant observation, 

interviewing, analysis of documents, ethnography study, phenomenology, hermeneutics, 

case studies, and ground theory (Creswell, 2009, McLafferty Jr et al., 2010, Denzin and 

Lincoln, 2011, Robson, 2011, Bryman, 2012). 

4.5.3 Selected Research Methods and Approaches for this Study 

Based on the preceding discussions, it is pertinent to understand that conducting research 

entails not just assembling data, but also adopting a coherent and methodical process that 

will answer the study’s research questions (Berg, 2007). Also, the complexity of cost 

overrun triggers requires an approach that will aid in fully understanding the intricacies 

of these triggers, without detaching the contextual circumstances in which these triggers 

take place. Qualitative research supports an enquiry from the inside, and seems to answer 

research questions by exploring social phenomena and the behaviours of the participants 

within a specific contextual setting (Henn et al., 2006, Berg, 2007). In this research 

context, the social setting is the highway sector of the Nigerian construction industry, and 

the participants are the stakeholders in the respective organisations. Hence, a qualitative 

research method is considered suitable in this research study, based on the key 

characteristics acknowledged by Neuman (2006), Descombe (2007), Fellows and Liu 

(2008), and Bryman (2012) in Table 4-2, and the recommendation by Sterman (2000), 

Forrester (1969), and Luna‐Reyes and Andersen (2003), of the need to utilise qualitative 

information in SD model development; this aligns with the outlined aim and objectives 

of this research study. Primarily, it allows the research inquiry to be conducted in a real-

life context, in order to understand the phenomenon under study. Equally, it can be 

conducted using diverse techniques, including: interviews, grounded theory, case studies, 

participant observations, and ethnography (Henn et al., 2006, Bryman, 2012). In this 

study, semi-structured interview was adopted to collect qualitative data. In total, a four-

stage interview process was conducted. Firstly, 16 interviews with relevant stakeholders 

were conducted to inform model conceptualisation. Secondly, 9 interviews with relevant 
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stakeholders were conducted to validate the conceptual model. Thirdly, 9 interviews were 

conducted to elicit the values of the parameters used in the formal modelling process. 

Lastly, 6 interviews with relevant stakeholders were conducted to validate the simulation 

model by presenting the simulation results and the accompanying algorithms and 

documentation. Figure 4-3 indicates the research process followed in this study. 

Testing of the 

Simulation Model

Identification of 

themes/variables and 

causal relationships

Semi-Structured 

Interviews to Validate 

the Conceptual and 

Formal Model

Data Collection

(Semi-Structured 

Interviews and Case 

Study)

Structural and 

Behavioural Tests

Literature Review

(Grey and 

Empirical 

Literature)

Analysis of Data

(Formulated data 

compatible coding 

framework)

Formulation of a 

Simulation Model

Formulation of a 

Conceptual Model

Policy Design and 

Evaluation

Parameterisation 

of the Model to 

Case Study

Output

O
u

t
p

u
t

SD Model

Conclusion

• Boundary Chart Diagram

• Causal Loop Diagram

Q
u

a
n

ti
ta

ti
v

e
 M

o
d

e
ll

in
g

Q
u

a
li

ta
ti

v
e
 M

o
d

e
ll

in
g

Problem Articulation

• Interviews (Expert Judgement)

• Identification 

of Key Drivers 

of Change

• What- If 

Scenarios
Stock and Flow 

Diagram
Output

R
e
se

a
r
c
h

 O
u

tp
u

t

 

Figure 4-3: The research process  
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Therefore, within the broader framework of the methodological position, a three-tiered 

research blueprint, i.e. structured in-depth literature review, expert interview technique, 

and SD modelling approach was adopted. 

Each of the methods was distinct in its focus and addressed a particular research objective. 

The first objective of the research sought to evaluate the existing knowledge of cost 

overrun in general construction and highway projects, from a global and contextual 

perspective, to ascertain what was already known within the context of the study. To 

accomplish this research objective, an in-depth literature review of empirical works, 

buttressed by grey literature sources, was employed based on a structured approach. The 

second research objective was formulated to assess the effectiveness of the currently 

adopted methodological approaches in understanding the drivers of cost overrun in 

highway projects. To accomplish this research objective, an extensive literature review 

was undertaken, to understand the major methodological approaches that had been used 

in contemporary empirical literature to investigate and understand the driving factors of 

cost overrun in highway projects. The third research objective was formulated to explore 

the drivers that impact on the cost performance of highway projects in Nigeria. An expert 

interview technique, specifically semi-structured interviews with stakeholders, was 

employed. The fourth objective was formulated to examine and simulate the complex 

interdependencies and key feedback effects of the drivers of cost overrun. Computer aided 

modelling and simulation, i.e. SD modelling (conceptual and formulated) were employed. 

Specifically, CLDs and SFDs were used as visualisation and analytical system tools to 

achieve this research objective. Finally, the fifth research objective was designed to 

develop a model that could provide an insight into, and better understanding of, the 

various drivers of cost overrun. To this end, a SD simulation modelling approach was 

employed, and the output of the process provided the basis of attaining this objective.  

The logical and procedural sequence that ensured the implementation of the adopted 

research strategy is illustrated in Figure 4-4. Nevertheless, by adopting this sequential 

procedure, the empirical stage started with an exploration of the triggers of cost overruns 

in highway projects in Nigeria, i.e. stage 2. 
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Figure 4-4: Sequential process comprising main activities of the research 

Figure 4-4 (above) presents the study’s research objectives, and the corresponding 

research methods used to achieve the objectives. As observed, some of the objectives 

were achieved through a combination of more than one method. This was done in order 

to ensure that the various drivers of cost overruns facing highways projects were 

identified from a variety of sources. The utilisation of multiple sources of data afforded 

an opportunity for the researcher to confirm the triangulation of data, which is a very 
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important element of research, particularly when it involves qualitative data (Amaratunga 

et al., 2002, Yin, 2018). 

4.6 Case Study  

In order to generate information for the development of the SD model, a series of 

qualitative interviews was conducted with the stakeholders involved in highway 

infrastructure provision in Nigeria. This section presents the summary of the cost 

performance related issues in Nigerian highway projects, based on interviews with: 

▪ Client Organisation, i.e. Federal Ministry of Works and Housing, Nigeria 

▪ Contractor Organisations 

▪ Consultant Organisations  

4.6.1 Case Study Analysis 

Based on the information obtained from the first 2- stage interviews (i.e. model 

conceptualisation and conceptual model validation) conducted with stakeholders from the 

above organisations, and review of project documents, newspaper articles, and literature, 

CLDs were developed to depict the complex interactions of the relevant key variables, 

based on the causal relationship relevant to the cost performance challenges in highway 

projects in Nigeria. 

4.7 Summary of the Sub Models of Key Influencing Drivers of Cost Overrun 

The conceptual model consists of four (4) sub models that constitute the intricate cause 

and effect relationships of the various driving factors of cost overrun in highway projects 

in Nigeria.  

4.7.1 Project Management Related Drivers Sub Model 

Project management related issues are regarded as the key challenge facing most highway 

construction projects, because these challenges evolve during construction as more 

project information becomes available. Of paramount importance is the impact of delay 

on work progress and how it influences the cost performance of projects. The intricate 

interactions between the key project management related drivers that is used to develop 

the sub model for this research is presented in Chapter 8, Section 8.2.2.1. 

4.7.2 Leadership Related Drivers Sub Model 

The impact of politics is evident in most highway projects in Nigeria, partly because of 

the monopolistic nature of the funding of these projects. Issues such as political transition 

has been regarded as a major problem in publicly funded projects. The intricate 
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interactions between the key leadership related drivers that form the sub model is 

presented in Chapter 8, Section 8.2.2.3.  

4.7.3 Macroeconomics Related Drivers Sub Model 

This sub model depicts the complex interaction of the key variables resulting from the 

impact of uncertainties and unfavourable government policies. These variables include: 

inflation and prices of materials, labour and equipment, and their interaction with other 

variables. The intricate interactions of the key macroeconomic related drivers is presented 

in Chapter 8, Section 8.2.2.2.  

4.7.4 Societal Related Drivers Sub Model 

This sub model relates to the issue of the socio-economic impact of projects on local 

communities, and how this affects the overall project performance. The issues of land 

acquisition and social issues are significant in this context. The intricate interactions 

between the key societal related drivers that constitute the sub model are presented in 

Chapter 8, Section 8.2.2.4. 

Summary  

This chapter began by demonstrating the epistemological and ontological assumptions 

that guided this research study, and established that the epistemological and ontological 

positions lean towards the interpretivist and relativist viewpoints. This was followed by 

an explanation of the different research paradigms, such as positivism and interpretivism, 

and the chapter established and presented the reasons for the choice of the qualitative 

research paradigm, inspired by interpretivist philosophy, in this study. This was based on 

the appropriate qualities seen in the approach, which have the ability to provide answers 

to the outlined research aim and objectives.  

Furthermore, the chapter described how the research paradigms and viewpoints guided 

and influenced the choice of the methods and methodology adopted to answer the research 

questions of this study. In addition, the analysis of the case study was also explained and 

a brief summary of the sub models of the conceptual model of the key influencing drivers 

was presented. 
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CHAPTER 5: Development of a Coding Framework 

5.1 Introduction 

Chapter 1 introduced the background of the research, knowledge gaps, and the rationale 

for the study. Chapter 2 reviewed literature on the concept of cost overruns and their 

driving factors in general construction projects (and specifically highway projects) from 

a global perspective and the Nigerian context and concluded that cost overruns are 

systemic and potentially substantial in publicly funded projects, due to multiple triggers. 

Consequently, the review established that the existing methodological approach 

employed (i.e. conventional statistical techniques) is inadequate in evaluating the 

systemic and intricate nature of cost overrun triggers in highway projects. Chapter 3 then 

provided a detailed description of the modelling framework that was utilised in this study. 

It provided the basis and justification for using SD as a suitable technique in the research 

inquiry. Furthermore, the application of SD in construction management research was 

highlighted, and its application to the current study was presented, as well as the key tools 

of the SD technique. The chapter conclude that SD methodology has the ability to 

incorporate the complex and dynamic nature of the triggers of cost overruns in highway 

projects. Chapter 4 provided a detailed account of the philosophical assumptions, chosen 

research strategy, and methodological positions adopted for this study. This chapter aims 

to build upon the methodological position that informed the data collection process 

outlined in the previous chapter. It will present and discuss the procedures adopted in 

order to formulate the coding framework that was used to analyse interview data and 

establish causal relations, which formed the basis for the conceptual SD modelling 

process. In addition, the chapter explains and justifies existing coding frameworks which 

were adopted, and the key elements of those frameworks which informed the formulation 

of the alternative coding method. 

5.2 Coding Approach 

The purpose of the coding framework, and its structured process, is to identify the key 

themes and their causal relationships from the data, and eventually transform the causal 

relations into a CLD, and relate the CLD directly to the data sources. The linkage between 

the CLD and the data source is considered a very important element of the coding process, 

and of the development of a conceptual model, because it allows the modeller to be more 

explicit, reflective, and rigorous in the transformation of the data segments into causal 

links, and eventually a CLD, and also increases other people’s ability to review and assess 

the work of the researcher and gain some insights into their mental models (Eker and 
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Zimmermann, 2016). According to Eker and Zimmermann (2016), a systematic and 

rigorous method for analysing qualitative data for a conceptual SD model helps to add 

rigour to the resultant model by preserving linkages between the CLD and the data source, 

which is an important step for building confidence in the model. They also advocated the 

use of computer aided qualitative data analysis software (CAQDAS) to make the link 

between the CLD and the data source more transparent. However, despite the significance 

of CAQDAS (such as NVivo), it is not possible for people external to the research process 

to review the work of the modeller, because of their inability to access the CAQDAS 

database. To deal with the bias of the causal acknowledgements in mental models of 

experts and stakeholders, researchers need a methodical and logical approach with 

explicit links to the data source, e.g. the expressed mental models of the stakeholders, so 

that confidence can be built and the resultant model can be considered valid and useful 

(Kim and Andersen, 2012). Accordingly, Kim and Andersen (2012) contended that a 

systematic approach to elicit causal structure is particularly vital when the text data is 

intended to be adopted for an SD modelling process.  

Nevertheless, Yearworth and White (2013), Kim and Andersen (2012), and Nguyen et al. 

(2015) revealed that the identification of a causal relationship should be grounded by a 

statement explicitly or implicitly showing the occurrence of a relationship between two 

codes/themes within the same paragraph in the data source. With this, you can easily see 

how the themes are potentially related by the paragraph context, and argue that another 

theme found in a preceding or succeeding paragraph is not by definition related to the 

themes in that main paragraph (Yearworth and White, 2013), i.e. the scope of the 

relationship should be defined by the occurrence of themes in the same paragraph 

(Nguyen et al., 2015). Furthermore, Eker and Zimmermann (2016) suggested that, as well 

as having a statement within a paragraph revealing a causal relationship, indicators such 

as “because”, “if”, “so as”, and “then” should be considered, in order to establish causal 

relationships amongst themes within a segment of data, and also the researcher’s 

understanding  of an expressed causal relationship. 

The use of coding to develop SD models was originally illustrated by Repenning and 

Sterman (2002). Later, a formal coding technique, centered on the grounded theory 

approach, was introduced by Kim and Andersen (2012) to the academic community of 

system dynamicists, and demonstrated the use of a systematic and rigorous process for 

the generation of CLDs based on qualitative textual data which is grounded in data. This 

technique has been methodically applied in numerous realms of studies, such as: land use 
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(Turner et al., 2013a), decision making in the housing sector (Eker and Zimmermann, 

2016), and environmental adaptation in industry (Nguyen et al., 2015). However, the 

method advocated by Kim and Andersen (2012) was designed for coding and analysing 

synchronous data, which is based on shared context opinions from a group discussion. 

The coding approach is comprised of five main steps: (i) open coding for identification 

of themes from the data, (ii) identification of individual causal relationships, (iii) 

visualising the causal relationships in word and arrow diagrams, (iv) using axial coding 

to generalise and simplify the word and arrow diagrams, and (v) explicitly recording the 

links between the final CLD and the data source in a data source reference table. The 

technique helps in analysing the data systematically, and adds rigour by preserving the 

link between the CLD and the data source.  

Later on, Turner et al. (2013a) modified the method of Kim and Andersen to overcome 

the long process of generating a causal model, and also because of the need to have an 

alternative design that would be compatible with other forms of data, e.g. asynchronous 

data. The method advocated by Turner et al. (2013a) was used to analyse asynchronous 

interview data, which is based on individual opinions. Turner et al. (2013a) combined 

steps i and iv of Kim and Andersen’s approach, and derived aggregated causal 

relationships from various stakeholder groups (i.e. groups based on stakeholders’ 

categorization, instead of the individual causal relationships in Kim and Andersen’s 

method), to shorten the process of identifying variables. Furthermore, the approach omits 

the step of creating a data source reference table (which explicitly records the link 

between the causal relationships and the data source and forms an essential step in Kim 

and Andersen’s method for building confidence in the model), contending that it is not 

critically important if the researcher is responsible for data collection (interviewer) and 

the coding process (coder), because he/she is in direct contact with the data source and 

can probe the interviewees’ intent during the interview process and thus reduce the 

implication of bias (Turner et al., 2013b). 

Yearworth and White (2013) also introduced a method of developing CLDs based on 

textual data, which relies on the utilisation of CAQDAS software to preserve close links 

between the causal relationships and the data source. Furthermore, the approach suggests 

that a causal relationship is established based on the existence of two codes or themes 

within the same paragraph of the data source. 

Also, Eker and Zimmermann (2016) formulated a method of developing CLDs explicitly 

from qualitative textual data. The approach synthesised the key strengths of the three (3) 
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coding approaches advocated by Kim and Andersen (2012), Yearworth and White (2013), 

and Turner et al. (2013a), which have previously been described. The method advocated 

by Eker and Zimmermann (2016) focused on: establishing a causal relationship from the 

preliminary stages of coding, creating a generalised and simplified CLD without 

recording individual relationships to reduce time consumption during the process, and 

maintaining links between the final CLD and the data source by using CAQDAS.  

This study adopted the coding framework introduced by Turner et al. (2013a), which is 

compatible with asynchronous data, although with slight modifications after considering 

its key elements and the features of the coding frameworks advocated by Kim and 

Andersen (2012), Eker and Zimmermann (2016), and Yearworth and White (2013), 

thereby ensuring thorough synthesis of the strengths of these methods. The adopted 

coding method was inspired by the approach of grounded theory, which is a theory 

development driven approach and involves different steps of the coding process of 

grounded theory approach because of diverging research designs.  

However, the formulated coding approach for the purpose of this study is grounded in the 

principles of thematic analysis, saliency analysis (an extension of thematic analysis), and 

case study approach (which also focuses on theory building) (Eisenhardt, 1989, Braun 

and Clarke, 2006), to analyse the transcribed interview data through the process of coding 

and retrieval of causal relationships explicitly from data. The thematic analysis approach 

advocated by Braun and Clarke (2006) relies on ‘coding’ of transcribed interview data. 

The main steps of the approach are: 1) familiarise yourself with the data, 2) generate the 

initial codes, 3) search for themes in the data, 4) review the themes, 5) define and name 

the themes, and 6) produce a report (Braun and Clarke, 2006). During the process of 

coding in thematic analysis, codes are first generated independently in steps 1 and 2; only 

later, during the second phase, i.e. steps 3-5 of the coding process, are related codes 

organised into themes as a result of identified patterns of relationship (Rabinovich and 

Kacen, 2010). The case study approach is compatible with theory testing, depending on 

whether the research orientation is inductive or deductive in nature (Eisenhardt, 1989, 

Bryman, 2012), and has been shown to be congruent with SD model conceptualisation 

(Ullah, 2012, Turner et al., 2013a). The theory building process is significantly reliant on 

data which can emanate from various data collection sources, such as interviews, 

archives, observations etc., and through systematic and rigorous analysis of the collected 

data to identify the information that is relevant to the research question and on which the 

emergent theory is to be grounded (Eisenhardt, 1989). As the outcome of qualitative case 
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study research, and indeed SD models, is theory development, it is imperative to have an 

established rigorous, systematic and compatible data analysis framework, so that the 

overall quality and trustworthiness of the dynamic theory is enhanced (Baxter and Jack, 

2008). Furthermore, Baxter and Jack (2008) revealed that, when a case study approach is 

correctly applied, it becomes a very valuable method by which to develop a theory in a 

research endeavour. Kopainsky and Luna‐Reyes (2008) compared the process of 

modelling in SD to the process of theory building in qualitative research, because the 

dynamic theory developed is grounded both in data and theoretical statements about the 

operation of causal processes over time. 

The procedure incorporates steps 1-5 of the thematic analysis framework (Braun and 

Clarke, 2006). The process entails identifying and defining the problem, and establishing 

the system boundary through the generation of codes, the categorisation of these codes 

into themes, and further analysis of the data to identify the key themes and the causal 

statements that reflect the mental models of the stakeholders (steps 1-4), and defining and 

naming the themes, i.e. identifying the essence of what the theme is about and identifying 

and establishing any relationships between the various themes (step 5) (Braun and Clarke, 

2006).  

The summary of the coding process of the adopted frameworks that grounds the 

formulated coding method is presented in Table 5-1. 
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Table 5-1: Summary of coding process of the adopted frameworks 

Description of 

Process 

Main Tools Input Output (Kim and Andersen, 

2012) 

Turner et al. (2013a) Eker and Zimmermann (2016) 

Discovering 

Themes in the 

Data 

Open coding Raw text data 

 

 

Context for the 

data 

Definition of 

problem and 

system boundary, 

and data labelled 

with themes 

 

Group level data used 

 

 

Context shared among 

group members 

 

Relevant data showing 

causal relationship from 

the dataset selected for 

step 3 

Individual level data 

used 

 

Context provided by 

interviewer 

 

Moved on to step 2 

Individual level data used 

 

 

Context provided by 

interviewer 

 

Identify codes and group the 

codes based on their resultant 

themes/variables 

Sorting Themes in 

the 

Data/Categorising 

and Aggregating 

Themes into 

Variables 

Axial coding Data labelled 

with theme/list 

of themes and 

corresponding 

codes 

Data sorted by 

themes with each 

stakeholder group 

 

Coding tree 

 

 

 

- 

3 stakeholder groups 

identified 

 

 

 

 

 

Moved to step 3 

4 categories identified 

 

Coding tree created by linking 

relevant codes to each other to 

form aggregated variables and 

representation of coded extracts 

 

Moved to step 3 

Identifying 

Variables and 

their Causal 

Relationships 

Open and 

Axial coding 

 

Causal links 

Coding tree 

  

Data segments 

[each segment 

=one argument 

+supporting 

rationales] 

Coding charts  

 

Coding dictionary 

[list of relationships 

with reference to 

the data] 

Coding charts from all 

data segments compiled 

together (group mental 

data) 

 

 

 

Moved to step 4 

Coding charts are 

compiled by themes 

for each stakeholder 

group 

 

 

 

Moved to step 4 

Causal relationships between 

aggregated variables (based on 

individual causal relationships 

between the concept that form 

the variables) with reference to 

the data [Coding dictionary] 

 

Moved to step 4 

Transforming 

Text/Coding 

Dictionary into 

Word and Arrow 

Diagrams 

Axial coding 

 

Causal maps  

 

Causal links 

Coding charts  

 

 

Coding 

dictionary [List 

of 

relationships] 

Simple word and 

arrow diagrams  

 

Final causal map  

One or more word and 

arrow diagrams were 

generated per coding 

chart 

 

 

 

Moved to step 5 

Step 4 and step 5 

occurred concurrently  

 

 

 

 

 

Draft causal maps of 

each individual 

stakeholder group 

Visualising the causal 

relationships of aggregated 

variables/themes from all 

branches of the coding tree, i.e. 

one causal map generated for 

each stakeholder group 

 

Ended here 
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Generalising 

Structural 

Representations 

Axial coding 

Causal maps 

Simple word 

and arrow 

diagrams 

Final causal map One causal map 

generated from the data 

 

 

 

 

 

Moved to step 6 

Three stakeholder 

maps are analysed 

individually for each 

stakeholder group and 

synthesised to create 

one final map 

 

Ended here 

 

 

 

 

 

 

 

- 

Linking Causal 

Loop Diagrams to 

the Data Source 

Maps/data ID 

codes 

Coding charts  

 

Final causal 

maps 

Data source 

reference table 

 

Ended here 

 

- 

 

- 

Adapted from Turner et al. (2013a), Eker and Zimmermann (2016) and Kim and Andersen (2012)
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To better understand and explain the synthesis and slight deviations from the coding 

approaches introduced by Turner et al. (2013a), Eker and Zimmermann (2016), Kim and 

Andersen (2012), and Yearworth and White (2013), which formed the basis for the 

formulation of the coding method used in this study, a framework advocated by Turner 

et al. (2013b) and Eker and Zimmermann (2016) was adopted, which clearly identifies 

six significant research design dimensions which need to be considered in the formation 

of an alternative coding approach. The slight modifications of the adopted coding 

approach (i.e. Turner et al. (2013a)) and the synthesis of other coding methods (i.e. Eker 

and Zimmermann (2016), Kim and Andersen (2012), and Yearworth and White (2013)), 

reflects the research design for the formulated coding approach adopted for this study, as 

presented in Table 5-2, and therefore the proposed procedure to coding will be in 

conformity with the study research design (Turner et al., 2013b).  

Table 5-2: Research design dimensions for an alternative coding approach 

Characteristics Research Design Dimension Adopted Dimension 

Group characteristics Synchronous vs asynchronous 

communication 

Asynchronous 

One group vs many groups Many groups 

Data collection characteristics Context set by the researcher vs. 

by participants 

Researcher 

 

Data collected by the researcher 

or not 

Researcher 

Coder characteristics One coder vs. many coders One coder 

Coder engaged in data collection 

or not 

Coder engaged in data 

collection 

Adapted from Turner et al. (2013b) and Eker and Zimmermann (2016) 

5.3 Formulated Coding Framework  

5.3.1 Identifying Codes and Discovering Themes in the Data 

The first stage of the coding process corresponds to steps 1-3 of the thematic analysis 

framework introduced by Braun and Clarke (2006), and it is used to define the problem 

and establish the relevant boundary of the system as a reflection of the research question 

(Braun and Clarke, 2006). During the first step of the coding process, the interview data 

is coded to identify the important information relevant to the research question. The 

contents of the transcripts are processed to understand and demarcate the boundary of the 

system of interest, keeping in mind the research question. Understanding the context of 

the study is very important so that the concepts that are not explicitly stated in the extracts 

are coded (Kim and Andersen, 2012, Eker and Zimmermann, 2016). The transcribed data 

is comprised of open statements that evidently hint at a concept, and statements that do 

not disclose a concept with clear references and which the concepts or codes are then 

borrowed from the existing empirical literature.  
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As the coding process progresses, the codes are revisited several times in an iterative 

process, which ensures that the problem is narrowed down to the most important 

information that will subsequently be used throughout the data analysis and modelling 

process (Kim and Andersen, 2012). At this stage, the idea of which themes represent the 

coded extracts begins to become apparent, and the researcher/coder begins to have some 

initial ideas of the themes that will emerge as a result of observed dominant patterned 

relationships of the various codes or codes of similar status (Braun and Clarke, 2006). 

Also, at this stage, the researcher/coder begins to gain an understanding of the causal 

relationships expressed by the participants, and this understanding is extremely vital for 

the identification of the causal relationship in the subsequent steps because of the 

engagement of the coder with the data, although this step does not include a formal 

recording of these relationships (such as in the approach of Kim and Andersen (Kim and 

Andersen, 2012)). This is in line with the approach of Turner et al. (2013a) and Eker and 

Zimmermann (2016). The process of coding is supported by CAQDAS such as NVivo, 

which has a special feature of maintaining the link between the coded extracts and the 

identified codes, based on the recommendation of Yearworth and White (2013) and Eker 

and Zimmermann (2016). At this stage, the problem is clearly defined and the boundary 

of the system is well established, and all the data relevant to the research question is 

compiled and aggregated (Eker and Zimmermann, 2016).  

 

Figure 5-1: Coding process 

Adapted from Turner et al. (2013a) 

This step is similar to the corresponding step 1 in the approaches of (i) Eker and 

Zimmermann (2016), and (ii) Turner et al. (2013a). However, it is slightly different from 

step 1 in the approach of Kim and Andersen (2012). At this stage, individual data items 

Identifying codes 
and discovering 

themes in the data

Categorizing and 
aggregating codes 

into refined 
themes from all 
interview data

Identifying causal 
relationships 

between 
aggregated themes

Transforming the 
coding chart into 

causal loop 
diagrams

Retaining links 
between causal 

loop diagrams and 
data source

Step 5 

Step 1 Step 2 Step 3 

Step 4 



Chapter 5- Development of a Coding Framework                            

121 
 

are analysed representing individual mental models, which are then merged in step 2 to 

sort out the codes into themes that represent statements of the collective mental models 

of all stakeholders.  

5.3.2 Categorising and Aggregating Codes into Themes from all Interview Data  

This step corresponds to steps 4-5 of the thematic analysis framework introduced by 

Braun and Clarke (2006). It involves examining the generated codes and assessing if they 

really fit into a particular theme, and whether the theme reflects the research question; it 

also involves assessing the essence of the theme and what the theme really means (Braun 

and Clarke, 2006, Eker and Zimmermann, 2016). The nodes that are referring to similar 

ideas are linked to each other and then form a theme; although this is done in a hierarchical 

manner, it does not symbolise causality in each instance. However, they can be considered 

contained relationships, according to Eker and Zimmermann (2016), which means that 

the theme in the parent node contains the codes in the child nodes; such contained 

relationships enable the aggregation of themes. However, the final coding tree created 

from this step is expected to be formed iteratively. In the previous step, the problem was 

clearly defined and the boundary of the study well established, with the relevant coded 

data extracts clearly sifted and identified as recommended by Braun and Clarke (2006), 

Kim and Andersen (2012), and Eker and Zimmermann (2016). Further revisiting, 

regrouping, and analysis of the scrutinised data extracts is done, and the refined themes 

of the aggregated relevant coded information are identified and created. Kim and 

Andersen (2012) compared this process of narrowing down the focus of the study with a 

problem-centered purpose to the modelling approach in SD, where modellers filter the 

data for a specific modelling purpose to address a specific problem. This step helps in 

strengthening the defined boundary of the model, by ensuring that only the identified 

themes are considered in establishing a causal relationship from the data, i.e. in step 3.  

However, Nguyen et al. (2015) opined that a CLD could be very broad, complex, and 

overwhelmed by too many variables, hence the need to clearly determine the boundary 

of the research by just focusing on the most significant variables to establish causal 

relationships (Anigbogu et al., 2019). This is also in line with Buetow (2010), who 

recommended that, in considering resultant themes from the data analysis process, both 

importance and recurrence should be taken into cognisance, because recurrence of a 

theme does not necessarily imply significance, and ignoring themes because of non-

prevalence could result in missing out on a very significant chunk of information relevant 

to the research question. Braun and Clarke (2006) also supported this assertion, and 
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mentioned that it was not necessarily the most frequently occurring themes that were most 

important, but those most related to the research question. Therefore, the framework of 

saliency analysis, advocated by Buetow (2010), which considers the salient information 

within the data as well as prevalence of information, was adopted to further support the 

identification of the key themes which are both important and prevalent. Themes that 

have statements of emphasis about importance, like “this is a big issue”, “the major 

reason” are considered salient and highly important, even if they are not prevalent, and 

those statements that had frequently occurring codes are identified and regarded as 

frequent. However, themes that are neither frequent nor important are ignored (Anigbogu 

et al., 2019, Buetow, 2010).  

This step is similar to the corresponding step in the approach of Eker and Zimmermann 

(2016) and Turner et al. (2013a), because the identified and aggregated themes are further 

grouped into various categories, i.e. project management related, leadership related, 

macroeconomic related, and societal related drivers. Thus, this affirms the established 

boundary of the system by ensuring that only the key themes are used as a basis for further 

analysis to identify the relevant causal relationships. 

5.3.3 Identifying Causal Relationships between Aggregated Themes 

This step also corresponds to steps 4-5 of the thematic analysis framework introduced by 

Braun and Clarke (2006). The expression of causal relationships from the mental model 

of stakeholders is articulated in more detail, and the data is rigorously analysed to record 

causal relations mentioned at any instance in the data source, i.e. the causal relations are 

recorded at any instance within the different data items.  

In this step, a unit of analysis of a statement that represents a causal relationship between 

two codes within the same paragraph in a data source that originates from a participant’s 

mental model is considered, as suggested by Nguyen et al. (2015) and Yearworth and 

White (2013). The unit of analysis, according to Kim and Andersen (2012), is a single 

statement made about the system’s behaviour, which emanates from the speaker’s mental 

model within the same paragraph (Yearworth and White, 2013, Nguyen et al., 2015). The 

causal relationships are defined between aggregated themes, based on individual causal 

relationships that represent causal statements within a paragraph in a data item originating 

from the mental models of the stakeholders. For instance, a causal relationship could be 

between a project management related theme and a societal or leadership related theme. 
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This step is similar to the corresponding step in the approach of Eker and Zimmermann 

(2016), and that of Turner et al. (2013a), but diverges from the approach of Kim and 

Andersen (2012). This step is assisted by establishing relationships in NVivo and linking 

them to the data source, based on the recommendations of Kim and Andersen (2012), 

Turner et al. (2013a), and Eker and Zimmermann (2016). In addition to the importance 

of creating a relationship in CAQDAS, which enables the researcher to ascertain which 

participants’ mental models are represented by relationships, the researcher/coder located 

indicators within the data item (such as “because”, “then”, “if”, “so”, “so as”) that infer 

causal relations about a system’s behaviour, and also used the general understanding of 

an expressed causal relationship from an interviewee, as recommended by Eker and 

Zimmermann (2016). 

The identification of relationships between themes is vital to theory development 

(Rabinovich and Kacen, 2010), and the main emphasis of this research work is to develop 

a theory that incorporates reasoning about dynamic behaviour as a consequence of mutual 

connections or feedback, which would only be possible to express with the formalism of 

causal loop diagramming. Therefore, whilst relationships may be one or more of: 

conditions (causal, circumstantial, contextual, or other), actions/interactions, or 

consequences (Rabinovich and Kacen, 2010), it is the causal relationship that is of 

primary interest as the building block of a CLD (Yearworth and White, 2013). The 

interpretation that a relationship between themes is causal is seemingly contentious in 

qualitative research (Rabinovich and Kacen, 2010). However, the question of causality is 

legitimate, as observed by Maxwell (2004), and the process of developing a CLD from 

the identified causal relationship is clearly of absolute primacy (Yearworth and White, 

2013). 

The data is further analysed, and a coding chart created, based on the established causal 

relationships, as recommended by Kim and Andersen (2012), and provided with 

supporting data extracts of each individual causal relationship in line with the 

recommendation of Turner et al. (2013a). These charts are given reference identification 

codes (RIC) (signifying the categories of the themes and the causally related themes) and 

data source identification codes (DS ID) (based on the variable causal relationships), and 

all relevant information sources are listed to represent the interviewee(s) that made the 

statement. Using a coding chart (Kim and Andersen, 2012), the data is broken down into 

small segments that contain one causal relationship within the same paragraph 

(Yearworth and White, 2013). In line with Turner et al. (2013a), the data extracts 
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supporting those relationships are provided, which further enhances confidence and 

transparency in the coding process.  

5.3.4 Transforming the Coding Charts into Causal Loop Diagrams 

The coding charts showing the relationships between variables/themes and the system 

behaviour are transformed into causal links and eventually connected to create a CLD. 

This diverges from the approach of Kim and Andersen (2012) and follows the approach 

of Turner et al. (2013a), but with slight modifications. Instead of using the coding chart 

from each individual stakeholder group to draw the identified links from the interview 

data, the coding chart of each causal relationship is used (irrespective of the category of 

driver), which is based on statements that represent an individual causal relationship 

between two variables represented within the same paragraph for each category 

(Yearworth and White, 2013). In this step, the coding chart (which is created from 

individual causal relationships within each data item) and all the data set (to reveal any 

insights into the system structure and system behaviour) are utilised to develop a CLD. 

To achieve this, each causal relationship from the coding charts is analysed individually 

to draw the identified causal links. Furthermore, cause and effect links (identified for all 

the causal relations, irrespective of the category of drivers) are generated to represent the 

collective interpretation of the individual mental models about the various categories of 

key influencing drivers of cost overruns. Then, a composite CLD is created by merging 

all the cause and effect representations, to understand the overall factors that influence 

cost overrun in highways projects.  This is analogous to step 5 of the approach advocated 

by Turner et al. (2013a). 

5.3.5 Retaining Links between Causal Loop Diagrams and Data Source 

The causal relationships are defined at any instance within the data source, i.e. within 

each data item, and it is thus imperative to establish a link between the data source and 

the CLD in order to avoid a disconnect between the CLD and the data source, due to the 

transformation, reduction, and simplification of the data into causal links (and 

subsequently CLDs) (Kim and Andersen, 2012). This step is assisted by initially defining 

a relationship in CAQDAS and linking this to the data source, to maintain reference to 

the data as suggested by Eker and Zimmermann (2016). Also, as recommended by Kim 

and Andersen (2012), a DS source reference table is formed to enhance confidence in the 

resultant model. Kim and Andersen (2012) argue that there is no best way to create the 

table, however it is vital to ensure that the linkage is transparent and systematic. This step 

uses the RIC and DS ID codes. An RIC is attached to each data segment that represents a 
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causal relationship between themes. DS ID codes are assigned to each causal relationship 

that is represented by a data segment of a participant’s mental model. Then, a DS 

reference table is created, as recommended by Kim and Andersen (2012), where all causal 

relationships are represented in a column and linked with the DS ID codes and RIC on 

different columns; using the table, the causal relationship can be matched with the DS ID 

code and RIC by checking on the corresponding cells.  

The DS reference table is important when there is a need to trace the data source for a 

specific causal relationship. In order to trace back from the CLD to the data source, the 

RIC is considered first, which clearly shows the causal relationship and category of 

drivers; then look at the DS ID code to locate the reference source of the participant’s 

mental model that is represented in the diagram. The DS ID code and RIC provide a guide 

to the exact data extracts that generated that part of the CLD. The table is also valuable 

when there is a need to track how specific data segments are represented in the CLD. To 

do that, the RIC that belongs to the data segments in the table is considered, and it 

provides the list of associated DS references of those data segments. The relationship 

feature in CAQDAS is useful, as it will be able to assist in establishing the causal 

relationships from individual transcripts and the relevant coded extracts imported into the 

relationship database of the software. This will assist in developing the DS reference 

table, as one can go to the relevant causal relationship and identify the relevant data 

extracts and references that basically support those relationships, as suggested by Eker 

and Zimmermann (2016).  

The strength of the case for establishing confidence rests on evidence in the data for the 

existence of a relationship between the themes in the first instance. The DS reference 

table retains the links between the CLD and the DS (i.e. to support the causal relationship 

with data). Kim and Andersen (2012) emphasised the significance of linking a CLD with 

its DS to trace and document the coder’s interpretation and representation process. This 

is essential, and a vital way to achieve confidence in the CLD created, as it offers a way 

for others to review and assess the coding process. However, despite its importance, 

Turner et al. (2013a) contend that the DS reference table is not as crucial as the direct 

contact of the interviewer/coder with the data source. Turner et al. (2013a) further 

mentioned that the contact of the coder with the data offers a chance for the interviewer 

to probe the interviewee’s intent and meaning, and helps the coder reduce the introduction 

of bias in the coding process (Turner et al., 2013a). Similarly, Eker and Zimmermann 

(2016) suggested that CAQDAS allows relationships between themes to be built and 
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linked to the data sources, which ensures that the causal relationships and the 

corresponding codes that define these relationships can be recorded in the software, and 

offers an opportunity for the coder to revisit and access the database and the coding 

process.  

However, because only the researcher/coder can have access to the CAQDAS database, 

it is important to have both the relationship database in CAQDAS (as recommended by 

Yearworth and White (2013) and Eker and Zimmermann (2016)) and the DS reference 

table (based on the recommendation of Kim and Andersen (2012)) easily accessible, 

hence ensuring rigour, transparency, and the ability for others to review the coding 

process; and also to consider the suggestion of Turner et al. (2013a) regarding the 

researcher/coder’s involvement in the data collection process. The summary of the 

formulated coding process is presented in Table 5-3. 

Table 5-3: Summary of the Formulated Coding Process 

Description of 

the Process 

Main Tool Input Output 

Identifying codes 

and discovering 

themes in the data 

[Steps 1,2,3 of thematic analysis 

framework] 

. Familiarisation with the data 

. Generation of initial codes  

. Searching for themes 

Computer aided qualitative data 

analysis software (CAQDAS) 

e.g. Nvivo 12 

Raw text of 

individual transcript 

data 

Definition of the 

problem and 

establishment of system 

boundary. 

 

Generation of codes and 

preliminary idea of 

themes and 

corresponding codes and 

coded extracts 

Categorising and 

aggregating codes 

into refined 

themes from all 

interview data  

[Steps 4-5 of thematic analysis 

framework] 

. Reviewing themes 

. Defining and naming of 

themes 

Computer aided qualitative data 

analysis software (CAQDAS) 

Preliminary idea of 

themes and 

corresponding 

codes and coded 

extracts 

List and categories of 

themes and supporting 

data extracts 

Identifying causal 

relationships 

between 

aggregated 

themes 

Steps 4-5 of thematic analysis 

framework 

. Reviewing themes 

. Defining and naming of 

themes 

Causal links 

Categories of 

themes  

 

Further analysis of 

data extracts to 

identify causal 

relationships among 

the codes 

Coding charts of each 

causal relationship 

 

Coding dictionary  

Causal relationships data 

extracts 



Chapter 5- Development of a Coding Framework                            

127 
 

Computer aided qualitative data 

analysis software (CAQDAS) 

Transforming the 

coding charts into 

causal loop 

diagrams 

Causal loop diagrams 

 

Vensim software 

Coding charts Individual causal loop 

diagrams 

Final causal loop 

diagram 

Retaining links 

between causal 

loop diagrams and 

data source 

Causal loop diagrams 

 

Data source and reference ID 

codes 

Coding dictionary  

Final causal loop 

diagram 

 

Coding charts 

Data source reference 

table 

Computer aided 

qualitative data analysis 

software (CAQDAS)  

 

Summary  

This chapter elaborately described and discussed the coding framework that was 

developed and employed for the analysis of the qualitative data. Furthermore, justification 

for using the coding framework was presented, by looking at and highlighting the key 

strengths of existing frameworks which led to the formulation of the novel coding 

method. The next chapter will present the techniques and procedures used to collect data 

for the purpose of this research work. 
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Chapter 6: Data Collection Procedure 

6.1 Introduction  

Chapter 1 introduced the background of the research, knowledge gaps, and the rationale 

for the study. Chapter 2 reviewed literature on the concept of cost overruns and their 

driving factors in general construction projects (and specifically highway projects) from 

a global perspective and the Nigerian context and concluded that cost overruns are 

systemic and potentially substantial in publicly funded projects, due to multiple triggers. 

Consequently, the review established that the existing methodological approach 

employed (i.e. conventional statistical techniques) is inadequate in evaluating the 

systemic and intricate nature of cost overrun triggers in highway projects. Chapter 3 then 

provided a detailed description of the modelling framework that was utilised in this study. 

It provided the basis and justification for using SD as a suitable technique in the research 

inquiry. Furthermore, the application of SD in construction management research was 

highlighted, and its application to the current study was presented, as well as the key tools 

of the SD technique. The chapter conclude that SD methodology has the ability to 

incorporate the complex and dynamic nature of the triggers of cost overruns in highway 

projects. Chapter 4 provided a detailed account of the philosophical assumptions, chosen 

research strategy, and methodological positions adopted for this study. Chapter 5 

discussed the procedures adopted for the development of the coding framework used for 

data analysis. This chapter aims to build upon those procedures (outlined in the previous 

chapter) by highlighting the process adopted for data collection. It explores the techniques 

and procedures used to collect data for the purpose of this research work. It also 

establishes the justifications for adopting the selected sources of data collection (primary 

and secondary), and for the field trip element of the data collection process, and highlights 

the challenges and successes encountered during the process. 

6.2 Data Collection Techniques 

Considering that the aim of this research work is to develop a SD model, and in 

concordance with the recommendations of Forrester (1992) and Sterman (2000) with 

regard to the importance of qualitative data (even though information obtained from 

textual and numerical data is equally important), it becomes imperative to have a 

technique that will ensure useful qualitative information is acquired. According to 

Forrester (1994), qualitative information resides in the mental databases of the 

stakeholders involved in the contextual phenomenon, and is also available in written 

textual forms. Therefore, in order to acquire the significant wealth of information, i.e. 
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textual data and mental data, the stakeholders involved in highway project development 

in Nigeria must be approached and the information tapped from them. These stakeholders 

have a wealth of information and are the clients and owners of the proposed model, with 

knowledge of the problem and its manifestation, having been involved in the system for 

a long time. They are involved in providing the required information about the problem, 

which will be used for the modelling process in four ways, i.e. to identify the relevant 

problem in question, to provide the requisite information for model development, to 

verify the model structure, and also as the owners and those who will implement the 

findings of the model (Forrester, 1994).  

Wolcott (1994) identified three main avenues via which qualitative researchers could 

collect qualitative data: observations, interviews, and the examination of documents 

prepared by third parties. Yet, of the three, Ghauri and Gronhaug (2002) and Amaratunga 

et al. (2002) asserted that interviews were regarded as the best and most widely used 

qualitative data collection technique, due to their in-depth exploratory nature. 

In this research work, qualitative data obtained from both the mental data of stakeholders 

and written data is collected through primary and secondary sources. The primary source 

involves collecting qualitative data through semi structured interviews, whilst the 

secondary source involves documentary evidence such as project documents, project 

progress reports, newspaper articles, and journal publications. Furthermore, the data used 

for the parameterisation of the model was obtained through experts' engagement, due to 

the difficulty in accessing numerical information (as recommended by Sterman (2000)), 

and thus followed the approach adopted by Ogano and Pretorius (2017). This qualitative 

information was obtained by adhering to a structured expert elicitation protocol, designed 

to ensure that the best possible data (that can be used to inform crucial decisions) is 

obtained (see Appendix E). This is also in line with the observation of Sterman (2000), 

who strongly advised against ignoring qualitative soft variables simply because they 

cannot be easily measured. 

6.3 Qualitative Data Collection 

In this study, the research process led the researcher to arrive at the most suitable data 

sources and collection techniques to answer the research questions by considering the 

nature of the problem, the research questions and researcher philosophical orientation. 

Although, as mentioned earlier, mental data was identified and recommended by  

Forrester (1994) and Sterman (2000) as the most useful data, both in significance and 

quantity, considering the location of the data (which lies in the heads of the system 
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stakeholders) and also the recommendations of Ghauri and Gronhaug (2002) and 

Amaratunga et al. (2002) on the significance and usefulness of interview as a technique 

for collecting qualitative data. In keeping with this, a semi structured interview was used 

in this study, complemented by textual data for model development, as shown in Figure 

6-1. Thus, the subsequent section describes the procedures utilised to collect the data from 

qualitative sources for this research study. 

                 
Figure 6-1: Sources of data 

Source: (Forrester, 1994, Sterman, 2000, De Castro and Salinetti, 2006) 

6.3.1 Primary Data: Interviews 

Bryman (2015) asserted that interview is a very prominent data collection technique for 

both qualitative and quantitative research. He further categorised interviews as: 

structured, semi-structured, or unstructured. Interviews are one of the most commonly 

used techniques for gathering qualitative data in social research (Lopez and Whitehead, 

2013, DiCicco‐Bloom and Crabtree, 2006). As such, this study adopted a semi structured 

interview to collect the requisite data to enhance understanding of the problem, developed 

from the review of extant literature conducted in the initial stages of the research 

endeavour. This is also in congruence with the recommendation of Amadi and Higham 

(2018): on the significance of taking a more contextually embedded view in order to have 

a broader understanding of the complex web of challenges that is responsible for cost 

overrun in highway projects. Semi-structured presents an opportunity for participants to 

have to answer predetermined open ended questions with other questions emerging from 

the conversation between the researcher and the participants. In turn, it allows the 

researcher to collect detailed data and to explore participant views, feelings and thoughts 

about a specific topic (DiCicco‐Bloom and Crabtree, 2006). However, prior to embarking 
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on the interview process, a pilot study was conducted to improve the interview instrument. 

This followed the recommendation of Chenail (2011) regarding the significance of 

conducting a protocol test, so that any potential biases that may arise in the study could 

be addressed and the quality of the interview instrument could be improved upon. The 

process of piloting accords the researcher the opportunity to verify and check for any 

flaw, constriction or weakness in the design of the interview instrument, and permits the 

researcher to make any necessary amendments to the design, before embarking on a fully 

fledged implementation of the study (Kvale and Brinkmann, 2009). 

➢ Pilot Study 

In this study, the data collection instrument was very important in achieving the research 

aim, considering that the nature of the study was based on qualitative information. As 

such, it was vital to ensure that the data collection instrument was effective in answering 

the research questions. Based on the aforementioned discussion, the research interview 

questions were subjected to testing to ensure that any form of ambiguity in the questions 

or statements was identified, as advocated by Chenail (2011). 

The testing of the interview instrument was conducted in the UK. Based on the approach 

adopted by Musawa (2016), other UK-based PhD researchers, similarly involved in the 

Petroleum Technology Development Fund (PTDF) scheme, and therefore possessing 

background knowledge and relevant experience in the highway sector of the Nigerian 

construction industry, were engaged in the pilot exercise. Of great importance was their 

knowledge and acquaintance with qualitative research, and the use of interview guides as 

a qualitative data collection instrument. The participants in the pilot study offered 

valuable suggestions on the structure and wording of the interview schedule. They 

recommended amendments to the way in which some of the questions were posed, so as 

to improve the flow of the conversation between researcher and interviewee. The valuable 

feedback was taken on board, and the necessary amendments were incorporated into the 

interview protocol which formed the basis for the actual research interviews. 

➢ Study Participants Selection 

As the study involved exploring the key drivers of cost overrun in Nigerian highway 

projects, it was imperative to select participants who would be able to provide the 

requisite information relevant to the problem, and thus be able to provide answers to the 

research questions (Arcury and Quandt, 1999). The issue of the relevance of the 

participants involved in a particular study has been emphasised by Creswell (2013), who 

asserted that the researcher should consider the various forms of sampling approaches 
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and select one or more of the approaches in order to get suitable subjects who would be 

able to provide the most important and reliable information relevant to the subject of 

investigation. Creswell (2013) highlighted the significance of recruiting participants that 

could share their knowledge in relation to the investigative phenomenon. This importance 

has been affirmed by Sargeant (2012), who stated that the selected respondents should be 

those who would inform the research questions and also improve understanding of the 

phenomenon under study.  

Considering the importance of selecting knowledgeable and relevant participants, a 

purposive sampling approach, complemented by snowballing approach, was adopted in 

this research. The purposive technique was used because of its important characteristic of 

approaching and selecting research participants based on their knowledge and experience 

of the phenomenon under study, although in some instances it was unfeasible to gain 

access to all the stakeholders involved in highway projects development, due to 

bureaucratic barriers and other constraints  (Sargeant, 2012, Collis and Hussey, 2009). 

On the other hand, to get around the problem of bureaucracy, the snowballing approach 

(also known as the chain-referral approach) was adopted as a complementary approach, 

to gain access to participants whom the researcher was not able to contact before 

embarking on the interview process, but were very much involved and important to the 

phenomenon under study. Snowball sampling allows the researcher to gain access to very 

important subjects who would otherwise be impossible to reach if the researcher relied 

only on identifying and recruiting participants purposively (Sargeant, 2012, Green and 

Thorogood, 2009).  

As a result of the snowballing technique, the researcher was able to access other 

stakeholders, e.g. stakeholders from the consultant organisation, through referrals from 

stakeholders in the client organisation e.g. staff from the Federal Ministry of Works and 

Housing (FMW&H) and the contractor organisation (Julius Berger Nigerian Limited). 

However, in comparison to the purposive sampling technique, whereby the researcher 

makes valued and informed judgements about target participants, the chain referral 

technique still remains controversial in qualitative data driven research. The contentious 

deficiencies have been pointed out by Atkinson and Flint (2001) as: 1) challenge of 

representativeness, 2) locating participants and initiating chain referral, and 3) engaging 

participants as informal research assistants.   

Despite the afore-mentioned drawbacks of the chain referral sampling approach, the 

hybrid sampling strategy adopted in this study was able to achieve equivalence in 
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representativeness: between the stakeholders who were accessed through referrals from 

the purposively selected stakeholders, and those who were purposively selected; thereby 

mitigating the inadequacies of the chain referral approach, in line with the 

recommendation by Fawehinmi (2018). Three contacts at the management level of the 

purposively targeted participants, i.e. in the client and contractor organisations, initiated 

the chain referrals, and through them I was able to gain access to stakeholders from the 

consultants' organisation, and thus ensured access to a diverse group of stakeholders 

involved in highway project development in Nigeria. This hybrid sampling approach 

afforded access to invaluable information that informed the problem under study from all 

the key stakeholders in the provision of highway projects, and thus provided a significant 

depth of information. 

In highway infrastructure development in Nigeria, the key stakeholders are the client (i.e. 

the public sector) who is solely responsible for the provision of financial commitment, 

the contractor who is responsible for delivering the project after going through the 

tendering process, and the consultant who acts as a check and balance vehicle on behalf 

of the client (Mansfield et al., 1994). 

I conducted all of the interviews myself, and was able to access unbiased information 

from experienced stakeholders interviewed from the consultant's organisation who 

provided corroborating and, in some instances, contradictory evidence, as recommended 

by Fawehinmi (2018).  

The participants for the interviews in this research were stakeholders, i.e. clients, 

contractors, and consultant organisations charged with the responsibility of delivering 

highway projects in Nigeria. However, in order to gain access to the organisations 

responsible for highway project development in Nigeria, in line with the approach 

adopted by Mansfield et al. (1994), a letter of request to conduct interviews was sent to 

the public agency (i.e.  FMW&H, Nigeria) and some top contracting organisations, such 

as: Julius Berger Nigerian Limited (JB), Dantata and Sawoe Construction Company 

Nigeria Limited, Bullet International Nigeria Limited, and Reynolds Construction 

Company.  

However, due to the bureaucratic obstacles and difficulties in gaining access to key 

informants, particularly in a developing country like Nigeria, a gatekeeper was identified 

and engaged prior to the interview process, based on the recommendation of Singh and 

Wassenaar (2016). Singh and Wassenaar (2016) highlighted the significant role 
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gatekeepers play in organisations, especially where access to data and personnel of a 

particular institutional setting is quite challenging. The request was granted by FMW&H 

and some of the contracting organisations, such as JB. It should be noted that JB is the 

top contracting organisation handling key infrastructure projects in Nigeria. As 

highlighted earlier, the consultant organisations involved in highway project provision 

were accessed through referral from three key stakeholders in FMW&H and JB, and 

proved to be very crucial. The stakeholders in the contractors’ and consultants' 

organisations were located in Abuja (the Federal Capital of Nigeria) and Lagos state, and 

all had solid reputations in the execution of publicly funded highway projects. The 

stakeholders from the public client were selected from the FMW&H headquarters, Abuja, 

and the regional office in Lagos state. All of the selected stakeholders had substantial 

experience in the management of public sector highway projects (see Table 6-1), in line 

with the recommendation of Mansfield et al. (1994). Because of the nature of highway 

infrastructure provision, which happens to be wholly the responsibility of the public 

sector, the provision is solely based on the traditional procurement approach (Abiodun, 

2017).  

However, it should also be noted that the involvement of the key actors, together with 

textual evidence from empirical and grey literature sources, forms the basis for further 

understanding and articulating the problem under study, and forms the starting point for 

the development of the conceptual model of the key drivers of cost overrun in highway 

projects in Nigeria.  

➢ Interview Process 

As noted earlier, the main data collection involved interviews with relevant stakeholders 

in the provision of highway projects. The interviews assisted in understanding and 

defining the problem, and thus establishing the boundary of the problem in question. 

Furthermore, the interviews helped to identify causal relationships from the mental 

database of the participants, which then informed model conceptualisation, which was 

the starting point for a formal modelling process, and assisted in the validation of both 

conceptual and formal model outputs. In total, a four-stage interview process was 

conducted, as presented in Figure 6-2. Firstly, to inform model conceptualisation, through 

capturing the stakeholders’ mental data, using a structured interview protocol. The 

interview protocol (see Appendix A) was cautiously designed by considering the nature 

of the problem and the stakeholders who would be involved in achieving the objectives 

of the study. The format and structure of the interview instrument (see Appendix A) was 
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designed according to general guidelines for conducting field-oriented research (Kvale 

and Brinkmann, 2009). In line with the nature of semi-structured interviews, the 

researcher was at liberty to inquire further for clarification, information, or explanation 

of key issues that arose during the interview process.  

 
Figure 6-2: Four-stage interview process 

Table 6-1 presents the background information of the interviewees. For reasons of 

confidentiality, the personal information of the interviewees has been removed by the 

researcher, so as to satisfy the ethical provision guiding the research study, as 

recommended by Saunders (2009). 

Table 6-1: Summary of interviewees’ background information 

S/No Type of 

Organisation 

Designation Interviewee 

Code 

Years of Working 

Experience 

01 Client Director CL_FCW More than 20 years 

02 Client Supervisory Engineer CL_SE 10-15 years 

03 Client Deputy Director/Chief Project 

Supervisor 

CL_CPS More than 17 years 

04 Client Senior Supervisory Engineer CL_SSpE More than 15 years 

05 Client Senior Civil Engineer (Client) CL_SCE 10-15 years 

06 Client Senior Highway Engineer CL_SHE More than 15 years 

07 Client Civil Engineer CL_CE 10-15 years 

08 Consultant Project Coordinator C_PC 10-15 years 

09 Consultant Head, Project Monitoring C_HPM More than 16 years 

10 Consultant Head, Quality Assurance C_HQA More than 18 years 

11 Consultant Team Lead C_TL More than 18 years 

12 Consultant Senior Civil Engineer (Consultant) C_SCE 10-15 years 
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13 Consultant Chief Quantity Surveyor C_CQS More than 15 years 

14 Contractor Project Manager CO_PM More than 15 years 

15 Contractor Technical Manager CO_RTM 10-15 years 

16 Contractor Senior Quantity Surveyor CO_SQS 10-15 years 

As shown in Table 6-1, the participants’ background information included: the 

representative organisation, interviewee designation, the code assigned to each 

participant, and years of working experience. Interviewee codes were created from the 

relevant organisations and roles e.g. CO_PM representing a project manager from the 

contractor organisation, C_SCE representing a senior civil engineer from the consultant 

organisation, and CL_SHE representing a senior highway engineer from the client 

organisation. All of the interviews followed the same procedure and interview protocol, 

although with further probing for more insightful clarification on issues relevant to the 

research question and phenomenon under study. 

In the preparatory stages leading to the interview process, the researcher sent an interview 

information sheet (see Appendix B) to the various participants that were recruited 

purposively, i.e. from the client and contractor organisations. This information sheet 

introduced the aim of the research study, and highlighted the importance of their 

respective contributions to the overall research. This was achieved through gatekeepers, 

who were strategic level management personnel of FMW&H and JB. The organisations 

responded positively, and all agreed to participate in the interview process. The interview 

protocol was sent beforehand to the organisations, to be further disseminated to the 

respective participants, so that they could familiarise themselves with the questions in the 

guide and prepare adequately for their interviews. 

In all, 16 interviews were successfully conducted with the participants in Nigeria. The 

interview protocol consisted of four sections (see Appendix A), with the same questions 

directed to all of the participants: considering the nature of the problem, and their 

experience and knowledge of the cost performance challenges facing highway projects in 

Nigeria. Each of the interviews lasted an average of one hour, i.e. between 40 minutes 

and 1hr 20 minutes. Prior to commencing each interview, participants were asked for their 

consent to the conversation being recorded and documented, and also to them being 

anonymously quoted in any academic written documents, with full adherence and 

commitment to safeguarding their confidentiality (see Appendix C). This was in line with 

the recommendation of Saunders (2009) on the importance of adhering to the 

commitment to safeguard participants’ privacy and confidentiality. The interviews were 
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recorded using a voice recorder, supplemented by note taking where necessary, and a 

detailed report of each interview session was subsequently produced (Bryman and Bell, 

2015). After the interviews, the researcher asked the participants if they wished to review 

the transcribed document in order to substantiate the content, but only one participant 

indicated such an interest.  

Table 6-2: Experts involved in causal loop diagram validation  

Stakeholder Code Type of Organisation Designation Years of Working 

Experience 

S-CL_01 Client Director More than 20 years 

S-CL_02 Client Supervisory Engineer 10-15 years 

S-CL_03 Client Deputy Director/Chief 

Project Supervisor 

More than 17 years 

S-C_04 Consultant Project Coordinator 10-15 years 

S-C_05 Consultant Head, Project Monitoring More than 16 years 

S-C_06 Consultant Head, Quality Assurance More than 18 years 

S-CO_07 Contractor Project Manager More than 15 years 

S-CO_08 Contractor Technical Manager 10-15 years 

S-CO_09 Contractor Senior Quantity Surveyor 10-15 years 

Table 6-2 details the participants’ backgrounds, including the code assigned to each 

participant, the type of organisation, interviewee designation, and years of experience. 

However, it should be noted that all the interviews followed the same procedure and 

validation protocol. 

Secondly, interviews were conducted with stakeholders (experts) to validate the CLD and 

ensure that it captured their mental models about the system structure. Nine (9) experts 

who participated in the first stage interviews were contacted and used for the validation, 

as illustrated in Table 6-2, based on the approach adopted by Rwashana et al. (2014). 

During the interview exercise, the stakeholders were asked to state whether all the 

variables represented in the CLD and their causal relationships existed, and whether there 

were any significant causal factors missing. If there were missing causal factors, the 

participants were asked to list them. Furthermore, the stakeholders tested whether the 

direction of each of the links was correct or needed reversing (implying that the effect 

was the cause and vice versa), and were asked to state whether there were other effects 

that could be observed resulting from the causes in the CLD. The protocol also included 

explanations of the objectives of the validation process, the meaning of the elements used 
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in the CLD, and how to respond to the questions (See Appendix D). Based on the 

responses and comments obtained from the stakeholders, the suggestions were 

incorporated into the CLD for improvement, together with further qualitative analysis of 

the collected data in response to the questions raised by the researcher, leading to an 

improved CLD (See Figure 8-6), based on the recommendation of Rwashana et al. (2014). 

Thirdly, discussion with experts was conducted to elicit the values for the parameters 

utilised in the formal modelling process. This was performed after the development of the 

formal model, incorporating the key driving factors with the corresponding algorithms, 

which represented the relationships and structures based on the adoption and modification 

of existing project management models (See chapter 8, sections 8.3.1, 8.3.2, 8.3.3 and 

8.3.4). In all, nine (9) experts from client, contractor and consultant organisations, with 

significant level of expertise, were selected to participate in the exercise as illustrated in 

Table 6-3, based on the approach adopted by Ogano and Pretorius (2017). Sterman (2000) 

reaffirmed the importance of eliciting expert judgement on parameters when numerical 

information about the parameters is unavailable or difficult to access. During the 

parameterisation exercise, the model and the corresponding algorithms were presented to 

the experts. Then, the experts were asked to provide estimates of the parameters and 

variables on a scale representation, based on their experience and knowledge of the 

system, and to provide justification. In instances where suggestions were made by the 

experts on certain variable formulations, the experts were asked whether or not they 

agreed with the formulation, and justifications were sought for those formulations. The 

judgements were analysed with simple descriptive statistics to obtain the mean value of 

each parameter (see Appendix F). The instrument used to guide the process is presented 

in Appendix E.  

Table 6-3: Respondents’ demography involved in model parameterisation 

Stakeholder Code Organisation Designation Years of Working 

Experience 

S_01 Client Director 24 

S_02 Client Deputy Director/Chief Project 

Supervisor 

20 

 

S_03 Client Senior Highway Engineer 17 

S_04 Contractor Project Manager 15 

S_05 Contractor Senior Quantity Surveyor 14 

S_06 Contractor Technical Manager 18 
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S_07 Consultant Head, Quality Assurance 15 

S_08 Consultant Chief Quantity Surveyor 18 

S_09 Consultant Head, Project Monitoring 17 

Average Experience of Stakeholders 18 

Table 6-3 presents the participants’ backgrounds, including organisation type, the code 

assigned to each participant, their roles within their respective organisations, and years of 

experience. All of the interviews followed the same procedure and validation protocol. 

The fourth (and final) engagement with the experts was performed after the model 

parameterisation and result had been obtained. In all, six (6) experts (from client, 

contractor and consultant organisations) were selected to participate in the exercise, as 

illustrated in Table 6-4, based on the approach adopted by Ogano and Pretorius (2017). 

The simulation results were presented to the experts together with supporting algorithms 

and documentation, to ascertain whether the results represented their expectation of the 

system and the real-life problem scenario. Some variables and parameters, such as work 

acceptance rate and lack of skilled labour workforce, were adjusted, and modified based 

on recommendations of the experts, as presented in section 9.2.6, chapter 9. Therefore, 

the model was improved, taking into consideration the comments, and the upgraded 

model is presented in Figure 9-8, Chapter 9. This stage ensured that the model and its 

accompanying outputs were verified by the experts, which is similar to the approach 

adopted by Ogano and Pretorius (2017). The instrument used to guide the process is 

presented in Appendix G. 

Table 6-4: Respondents’ demography involved in formal model verification 

Stakeholder 

Code 

Organisation Designation Years of Working 

Experience 

S_01 Client Director 24 

S_02 Client Senior Highway Engineer 17 

S_03 Contractor Project Manager 15 

S_04 Contractor Technical Manager 18 

S_05 Consultant Chief Quantity Surveyor 18 

S_06 Consultant Head, Project Monitoring 17 

Average Experience of Stakeholders 18 
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Table 6-4 presents the participants’ backgrounds, including the code assigned to each 

participant, representative organisations, roles within their organisations, and years of 

experience. All of the interviews followed the same procedure and validation protocol. 

➢ Field Trip 

The previous sections have highlighted the fact that this research was based on qualitative 

data. It was imperative to obtain the required information through face to face encounter 

and/or remotely (e.g. via telephone, Skype, zoom etc.) (Bryman, 2015). On this basis, the 

researcher embarked on a field trip to collect the relevant data that would inform the 

research work via face-to-face interviews with the relevant stakeholders.  

The field trip was carried out in Nigeria, covering a period of eight weeks from May to 

July 2019. It is worth mentioning that the journey to Nigeria presented both challenges 

and opportunities. The stakeholders were situated in the southwest region of Nigeria, 

Lagos state and the Federal Capital Territory, Abuja.  

The researcher also relied on some project progress reports and newspaper articles as 

supplementary data sources. Several such documents were obtained from the FMW&H 

regional office in Lagos State, and the Headquarters in Abuja. These were considered and 

reviewed in order to gain additional insights, and to identify information on the cost 

performance challenges facing highway projects in Nigeria. However, the majority of the 

newspaper articles were accessed online before embarking on the field trip. 

These kinds of data can assist in augmenting and corroborating other data sources (Yin, 

2018, Amaratunga et al., 2002). For instance, whilst the stakeholders highlighted the cost 

performance challenges facing highway projects, to achieve convergence and ensure 

triangulation of multiple sources, other documentary evidence was acquired from the 

other data sources. Also, the research problem was further informed by the information 

gathered from these additional documents.  

6.3.2 Secondary Data 

Despite the importance of primary data sources, other sources of data are equally essential 

in order to inform and improve the quality of the research (Dale et al., 1988). On this 

basis, Bryman (2015) refers to secondary data sources as those which have not been 

retrieved directly by the researcher. In this study, data sources that reported key progress 

and performance of highway projects could not be collected by the researcher, and relied 

upon the cooperation of the relevant contractor, client, and consultant organisations. As 

corroborated by Yin (2018), drawing upon multiple sources of evidence (at least two), 
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the researcher will be able to ensure that the research seeks convergence and 

corroboration.  

Therefore, apart from interviews, other sources such as project documents, newspaper 

articles and reports could aid in achieving convergence. The importance of using textual 

data from sources other than the mental knowledge of stakeholders elicited through 

interviews has been affirmed by Sterman (2000) and Luna‐Reyes and Andersen (2003). 

Also, De Castro and Salinetti (2006) reiterated the need to consider other sources of data 

in research (such as newspaper articles and government documents) that are not 

empirically rooted or evidence based. This is further supported by Smith (2009), 

Lawrence (2012), and Tanacković et al. (2014), revealing that newspaper articles often 

contain highly valuable information that is rarely found elsewhere. Therefore, 

information about the causal relations of some key triggers was extracted from the textual 

sources to supplement the information obtained from the mental database of the 

stakeholders, in order to develop the causal feedback loops (see section 8.2.1.2, Chapter 

8). 

➢ Literature Review  

In order to have an in-depth knowledge of the problem of construction cost overrun in 

highway projects, and the concept of SD, a comprehensive review of relevant literature 

was carried out (Bryman, 2015). Similarly, the literature review supported the retrieval 

of information about the causal relationships for some variables involved in the modelling 

process, which were used (together with interview data and documentary evidence) to 

develop the CLD. Creswell (2017) asserted that a thorough review of the literature affords 

the researcher a broad knowledge and proper understanding of the research topic; but 

what is required is not just a summary of the literature, but a critical review of what has 

been read (Bryman, 2015). In this research, reviewing the literature aided in collecting 

useful information about: the research problem (Chapter 1); the drivers of cost overrun 

globally and in Nigerian highway projects, and the existing methods used in 

understanding the problem (Chapter 2); the concept and principles of SD (chapter 3); 

information on the method of the research study (Chapter 4); and the existing coding 

frameworks (chapter 5). However, it implies that literature review was conducted at 

various stages of the research study. For instance, literature review as a complementary 

source of information to empirical and documentary evidence, assisted in developing the 

CLDs.  
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6.5 Quality of the Research 

Qualitative studies are subjected to criticism pertaining to research validity and reliability, 

as validity and reliability are more associated with quantitative research studies (Bryman 

and Bell, 2011). Yet, as contended by Bryman (2012), the concepts of research validity 

and reliability are now increasingly essential and advocated for in qualitative research 

inquiry. Nonetheless, some researchers have advocated that qualitative research has 

adopted alternate terms as criteria to establish and substantiate the quality of the research, 

which are analogous to criteria used in quantitative research (Guba and Lincoln, 1994, 

Bryman and Bell, 2011). The four specified terms are: credibility, which is analogous to 

internal validity; transferability, which is analogous to external validity; dependability, 

which is analogous to reliability; and confirmability, which is analogous to objectivity. 

Thus, this set of quality criteria was adopted in this study prior to the research design, 

collection, and analysis of data, to ensure that the quality of the study was enhanced as 

described in Table 6-5. 

Table 6-5: Researchers’ actions to enhance the quality and trustworthiness of the 

study 
Quality criteria Description Action of the researcher 

Credibility  How believable are the 

findings obtained from 

the data and data 

analysis? 

▪ Construct validity was achieved through the use of 

multiple sources of evidence (triangulation). 

▪ Methodological triangulation was achieved 

through acquiring data using interviews, project 

documents, and newspaper articles. 

▪ Data source triangulation was achieved or attained 

by interviewing diverse stakeholders from 

different organisations on similar issues, which 

ensures the avoidance of individual bias. 

▪ A structured and systematic data analysis process 

based on a formulated data compatible coding 

framework ensured strong links and transparency 

between the findings and the process. 

▪ The chain of evidence was maintained for this 

research study in CAQDAS, i.e. NVivo software, 

and SD software, i.e. Vensim software, which 

housed the interview data transcripts, the relevant 

documentation of the variables and causal 

relations, and the documentation for the modelling 

process and output. 

▪ The use of SD model 

Transferability How do the findings 

relate and apply to 

other contexts for 

generalisation? 

▪ Findings of the research were obtained from the 

simulation results and policy analysis, which was 

based on the evidence from mental models of 

stakeholders involved in major highway 

construction. 

▪ Findings were based on a contextual single case 

study, which could allow for conducting similar 

studies in different contextual settings. 

▪ The sample of the research study cut across the 

major organisations responsible for the provision 

of highway projects, involving the key 

stakeholders across Nigeria. 
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Dependability  Are the outcomes 

applicable at other 

times under similar 

circumstances? 

• This was achieved by fully documenting the 

research process. 

• Standard guides and protocols were designed to 

support and guide the interview process. 

• Full documentation of the detailed description of 

the methodology and methods used for the 

research study. 

• Detailed description of the formulated data 

compatible coding framework was fully 

documented. 

Confirmability  Have the researcher’s 

personal attributes and 

biases contaminated 

the outcome of the 

data analysed? 

• The data was collected using multiple sources of 

evidence, and the analysis was conducted 

independently. 

• A structured formulated data compatible coding 

framework was used to establish the causal 

relationships, based on the causal attributions of 

stakeholders, to ensure synergy between the 

resultant theory and the data source. 

• The researcher took an unbiased stance in the data 

collection process. 

• The supervisory team of the researcher regularly 

audited all the stages of the research study. 

 

6.4 Case Study 

A case study, according to Fellows and Liu (2008), is a detailed study of a single 

individual, group or organisation, event or project. Yin (2014) referred to case study as 

an “empirical inquiry that investigates a contemporary phenomenon within its real-life 

context, especially when the boundaries between the phenomena and the context are not 

clearly evident”. Furthermore, Yin (2014) identified case study as the most preferred 

research strategy in social science research, when the phenomenon and the context cannot 

be readily distinguished. Collis and Hussey (2009) identified some of its fundamental 

characteristics and described case study as a “methodology that is used to explore a single 

phenomenon in a natural setting using a variety of methods to obtain an in-depth 

knowledge”. Data for case study research strategy (according to Fellows and Liu (2008)) 

can originate from a variety of sources, including interviews, and documentary evidence 

such as project progress reports and newspaper excerpts. However, it is worth noting that 

there is no strategy that is clearly inferior or superior to any other; the most vital aspect is 

whether or not the chosen strategy will be capable of answering the study’s research 

questions and achieve the established objectives (Saunders, 2009). Therefore, with 

regards to the research questions (see chapter 1), case study was considered suitable to 

provide answers to the questions. 

This research study undertook a case study of Nigerian highway projects, because most 

of their publicly funded highway projects have faced significant cost performance 

challenges, with many attributable reasons. Most of the highway projects were still 
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ongoing at the time of this study. The choice of the case study strategy and the case in 

particular will provide an in-depth and rich understanding of the dynamics of the different 

factors that have caused highway projects in Nigeria to exceed their initially agreed costs.   

Case study strategy is considered appropriate due to the qualitative and exploratory nature 

of the study, as “the flexibility of the case study lends itself particularly well to 

exploration” (Robson, 2002). A case study methodology will be helpful in obtaining data, 

by using qualitative research methods to identify various themes (the various drivers of 

cost overrun) and causal attributions, which will help in understanding cost overrun 

phenomena by using a SD modelling philosophy. This is because cost overrun in highway 

projects is a complex and dynamic problem (Bhargava et al., 2010, Loosemore and 

Cheung, 2015, Torp et al., 2016, Boateng et al., 2017) that needs an in-depth investigation 

(Mahato and Ogunlana, 2011).  

Based on the analysed data obtained from the case study interviews, documents, and 

information from newspaper articles and empirical sources, an SD model was developed. 

A similar approach has been adopted by several studies to assess the performance of 

infrastructure projects, such as Rahman et al. (2008), Mahato and Ogunlana (2011), 

Boateng et al. (2012a), Boateng et al. (2012b), Boateng (2015), and Leon et al. (2018). 

Summary  

This chapter has presented a detailed description of the various data collection techniques 

utilised in this study, such as interviews, empirical sources, and the reviews of project 

reports. The choice of the data collection technique was justified based on the 

recommendations of Forrester (1992) and Sterman (2000): on the most important data 

source that is required in the development of an SD model, the nature of the research 

problem, the research questions, and the philosophical orientation of the researcher. 

Furthermore, the data collection approaches utilised were elaborately discussed, and 

involved both primary data (i.e. interviews) and secondary data (i.e. literature sources and 

project documents). Additionally, the field trip aspect of the research was discussed and 

presented. Finally, the chapter showed measures undertaken to enhance the quality of the 

research data regarding validity and reliability of the study. The next chapter will present 

an analysis of the interview data, and discuss the findings from the data analysis process.
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Chapter 7: Data Analysis 

7.1 Introduction  

Chapter 1 introduced the background of the research, knowledge gaps, and the rationale 

for the study. Chapter 2 reviewed literature on the concept of cost overruns and their 

driving factors in general construction projects (and specifically highway projects) from 

a global perspective and the Nigerian context and concluded that cost overruns are 

systemic and potentially substantial in publicly funded projects, due to multiple triggers. 

Consequently, the review established that the existing methodological approach 

employed (i.e. conventional statistical techniques) is inadequate in evaluating the 

systemic and intricate nature of cost overrun triggers in highway projects. Chapter 3 then 

provided a detailed description of the modelling framework that was utilised in this study. 

It provided the basis and justification for using SD as a suitable technique in the research 

inquiry. Furthermore, the application of SD in construction management research was 

highlighted, and its application to the current study was presented, as well as the key tools 

of the SD technique. The chapter conclude that SD methodology has the ability to 

incorporate the complex and dynamic nature of the triggers of cost overruns in highway 

projects. Chapter 4 provided a detailed account of the philosophical assumptions, chosen 

research strategy, and methodological positions adopted for this study. Chapter 5 

discussed the procedures adopted for the development of the coding framework used for 

data analysis. Chapter 6 discussed the procedures utilised for the data collection process 

in general, and particularly for this research work. This chapter aims to build upon the 

previous chapter by highlighting the rigorous process adopted for the analysis of 

qualitative data. The analysis and discussion are presented in two phases. Phase one 

describes the analysis of the data based on the coding process, by adopting steps 1 and 2. 

Phase two discusses the analysis of the data based on steps 3, 4, and 5. Furthermore, this 

chapter highlights the technique (coding process) used in the data analysis, which is part 

of the development process of the model. Specifically, a data compatible coding 

framework, based on the principles of thematic analysis, saliency analysis and case study 

approach was employed for the analysis of the qualitative data collected through semi-

structured interviews. This chapter also describes the analysis of the interview employed 

for the improvement and validation of the conceptual model in this research work.  
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7.2 Analysis of Interview Data 

The analysis of the interview commences after completion of the whole interviewing 

process. The following section describes the procedures undertaken in the analysing 

process of the semi-structured interviews conducted as part of this research work. 

7.2.1 Transcription and Handling of Interview Data 

The first stage in the analysis of the qualitative data entails the handling and transcription 

of the data to transform it into a written format. After completing the recording process 

of the interview, the researcher backed up the copies (digital files) of the interviews and 

then transcribed each recorded interview into a written format. On completion of the 

interview transcription, the researcher ensured that all of the transcripts were thoroughly 

read and re-read, which ensured that the researcher had an idea of the contents of the 

transcripts even before the formal data analysis process. The transcribed texts were later 

transferred into a data management software (NVivo 12) to facilitate the data analysis 

process.  For this purpose, a data compatible coding framework was formulated and 

employed. The process is discussed in detail in the following section.  

7.2.2 Thematic Analysis  

According to Boyatzis (1998), thematic analysis is a process to be utilised when 

qualitative information is involved. It is a data analysis technique that involves coding of 

qualitative data obtained through a systematic and rigorous process. However, coding is 

conducted to ensure that qualitative data is analysed meaningfully, thus maintaining close 

relations between the constructs (Ullah, 2012). Taylor and Bogdan (1998) defined themes 

as units derived from patterns, such as “conversation topics, vocabulary, meanings, 

recurring activities, or folk sayings and proverbs”. The identification of themes can be 

done by collectively taking fragments of ideas that resulted from the coding process, 

which would otherwise have been meaningless when viewed independently (Ullah, 

2012). Of importance is the fact that thematic analysis can be developed from the 

conversations recorded in the interviews with system actors, or any other audio-visual 

recordings. The thematic analysis framework advocated by Braun and Clarke (2006) 

relies on ‘coding’ of transcribed interview data. The main steps of the thematic analysis 

coding process are: i) familiarise yourself with the data, ii) generate the initial codes, iii) 

search for themes in the data, iv) review the themes, v) define and name the themes, and 

vi) produce a report (Braun and Clarke, 2006). During the process of coding in thematic 

analysis, codes are first developed independently in step 2, and only later, in the second 
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phase (i.e. steps 3-5 of the coding process), are related codes organised into themes as a 

result of patterned codes of similar status (Rabinovich and Kacen, 2010). 

However, certain themes are salient within the data but not necessarily recurrent, and 

could be vital in addressing the research problem (Buetow, 2010). Therefore, the principle 

of saliency analysis ensures that vital information that will result in the identification of 

relevant themes is not ignored because of non-recurrence (Buetow, 2010, Anigbogu et 

al., 2019). From the aforementioned, Buetow (2010) proposed a framework that takes 

into cognisance both prevalence and recurrence in analysing qualitative data, so that all 

the relevant information required to address the research question is taken into 

consideration. 

7.3 Phase One: Analysis of Themes  

The emergent themes from the analysis were categorised based on four organising 

themes, i.e. project management related drivers, leadership related drivers, 

macroeconomic related drivers, and societal related drivers; all representing the drivers 

under each category based on step 1 and step 2 of the formulated coding framework (see 

chapter 5). The categorisation of the drivers is in concordance with existing studies on 

drivers of poor cost performance of highway projects, as demonstrated by the works of 

Kaliba et al. (2009), Cantarelli et al. (2013a), Akoh (2018), Leo-Olagbaye and Odeyinka 

(2018), Anigbogu et al. (2019), and Ogbu and Adindu (2019). Furthermore, Ogbu and 

Adindu (2019) posit that the essence of categorisation is to ensure that a proper tool for 

explaining cost overrun phenomena is adopted. From the analysis, it is evident that the 

interviewees concur with the severity and prevalence of cost overruns, resulting from 

multiple factors. However, there is synergy between the different categories of drivers, as 

certain project management related factors could be traced to not only technical 

uncertainties, but also to political and social perspectives. 

Project Management Related Drivers  

✓ Project duration 

✓ Delay in progress of work 

✓ Modification of project scope 

✓ Design modification 

✓ Poor project planning 

✓ Project quality deficiency 

✓ Delay in payment to contractors 

✓ Deficiency in financial source 

✓ Bureaucratic process 

✓ Rework 

✓ Variation 
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✓ Construction materials 

✓ Outstanding liabilities 

✓ Adverse weather 

Macroeconomic Related Drivers 

✓ Fluctuation in prices of materials, labour and equipment 

✓ Inflation 

Leadership Related Drivers 

✓ Alternative government funding 

✓ Political interference 

✓ Political opposition to project 

✓ Political instability 

✓ Project termination 

Societal Related Drivers 

✓ Land issues with communities 

✓ Social issues  

✓ Stakeholder involvement 

✓ Threat to personal & assets security of communities and religious institutions 

✓ Public grievances 

✓ Communities opposition to projects 

Buetow (2010) advocated for the adoption of saliency analysis as an extension of thematic 

analysis in the analysis of qualitative data. This is important to ensure that significant 

information that is relevant to addressing the research question is not ignored because of 

non-recurrence. Buetow (2010) stated that thematic analysis tends to combine two 

concepts: recurrence and importance. Moreover, he believed that concepts which do not 

recur, however important they may be, cannot be regarded as thematic. Furthermore, 

Buetow (2010) argued that ignoring themes because they did not recur might result in 

missing out on very important information which is very relevant to understanding the 

research problem. He concluded that, as well as assessing recurrence of themes, it is also 

essential to assess the importance of themes. Braun and Clarke (2006) also supported this 

assertion. They mentioned that it is not necessarily the most frequently occurring themes 

that are the most important, but rather those most related to the research question. 

Stansfield (2015) reaffirmed that some of the themes that are less frequently mentioned 

are not considered important. Buetow (2010) also suggested that having a theme with 

high prevalence does not provide a satisfactory criterion for its importance. He further 

stated that there are some themes whose meanings are salient at the surface of the data, 

yet vital in addressing the research question, or understanding the problem, or both. 

Furthermore, he suggested that saliency analysis can expose what is non-recurrent but 

potentially important to addressing the research question. 
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Therefore, from the aforementioned, the matrix framework advocated by Buetow (2010) 

is shown in Figure 7-1, and was used to ascertain the prevalence and importance of each 

theme, and to designate it as one of the following matrix combinations: 1- Recurrent and 

important; 2- Important but not recurrent; 3- Recurrent but not important; and 4- Not 

recurrent and not important. However, Nguyen et al. (2015) cautioned that the boundary 

of the research should be determined by focusing only on the highly significant themes 

(Anigbogu et al., 2019). This is also in line with the recommendation from Buetow 

(2010), and thus the framework advocated by Buetow (2010) was adopted to identify the 

significant themes, considering both relevance and recurrence using the recommended 

matrix combination. 

When considering the various themes, those which had statements of emphasis about 

importance, such as “this is a big issue”, “it’s a very serious problem”, “the major reason” 

and where there was much emphasis on a particular statement, were considered salient 

and highly important even though the themes were not prevalent, and those statements 

that had frequently occurring codes were identified and regarded as frequent. Thus, 

themes that were neither frequent nor important were disregarded (Anigbogu et al., 2019, 

Buetow, 2010). The salient themes were identified after further rigorous analysis of the 

data. 

 

 

Figure 7-1: Saliency framework matrix 

Adapted from Buetow (2010) 

7.3.1 Frequently Occurred Themes 

From the data analysis, it was evident that some of the themes generated had a higher 

frequency of occurrence, and others had a lower frequency of occurrence. Table 7-1 

shows the level of frequency of the various themes. 
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Table 7-1: Frequency of occurrence 

Project Management Related 

Theme Frequency of Occurrence 

Project duration 11 

Delay in progress of work 31 

Modification of project scope 23 

Design modification 8 

Poor project planning 19 

Project quality deficiency 6 

Delay in payment to contractors 21 

Deficiency in financial source 19 

Bureaucratic process 7 

Rework 6 

Variation 12 

Construction materials 4 

Outstanding liabilities 5 

Adverse weather 28 

Macroeconomic Related Drivers 

Theme Frequency of Occurrence 

Fluctuation in prices of materials, labour, 

and equipment 

15 

Inflation 7 

Leadership Related Drivers 

Theme Frequency of Occurrence 

Alternative government funding 12 

Political interference 16 

Political opposition to project 17 

Political instability 29 

Project termination 10 

Breach of contract agreement 6 

Societal Related Drivers 

Theme Frequency of Occurrence 

Land issues with communities 11 

Social issues 25 

Stakeholder involvement 11 

Threat to personal & assets security of 

communities and religious institutions 

4 

Public grievances 11 

Communities opposition to projects 13 

*A benchmark of the frequency of occurrence of 10 was used to screen out less frequent themes  

(Stansfield, 2015, Anigbogu et al., 2019) 

 

7.3.2 Salient Themes  

By considering the matrix framework in Figure 7-1, it was possible to ascertain the 

prevalence and importance of each theme based on the following matrix combinations: 

1- Recurrent and important; 2- Important but not recurrent; 3- Recurrent but not 

important; and 4- Not recurrent and not important. Tables 7-2, 7-3, 7-4 and 7-5 represent 

the salient themes for all category of drivers. 

Table 7-2: Salient project management related drivers 

 Project Management Related Drivers 

Theme 1 2 3 4 

Project duration   ✓   

Delay in work progress ✓     
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Modification of project scope ✓     

Poor project planning ✓     

Outstanding liabilities  ✓    

Construction materials    ✓  

Variation   ✓   

Rework    ✓  

Bureaucratic process  ✓    

Deficiency in financial source ✓     

Delay in payment to contractors ✓     

Design modification    ✓  

Adverse weather ✓           

Project quality deficiency    ✓  

Key: 1- Recurrent and important; 2- Important but not recurrent; 3- Recurrent but not important; 

4- Not recurrent and not important 

Table 7-3: Salient macroeconomic related drivers 

Macroeconomic Related Drivers 

Theme 1 2 3 4 

Fluctuation in prices of materials, labour 

and equipment 

✓     

Inflation  ✓    

Key: 1- Recurrent and important; 2- Important but not recurrent; 3- Recurrent but not important; 

4- Not recurrent and not important 

Table 7-4: Salient leadership related drivers 

Leadership Related Drivers 

Theme 1 2 3 4 

Alternative government funding   ✓   

Political interference ✓     

Political opposition to project ✓     

Political instability ✓     

Project termination   ✓   

Breach of contractual agreement    ✓  

Key: 1- Recurrent and important; 2- Important but not recurrent; 3- Recurrent but not important; 

4- Not recurrent and not important 

Table 7-5: Salient societal related drivers 

Societal Related Drivers 

Theme 1 2 3 4 

Land issues with communities ✓     

Social issues  ✓           

Stakeholder involvement   ✓   

Threat to personal & assets security of 

communities and religious institutions 

   ✓  

Public grievances   ✓   

Communities opposition to projects ✓     

Key: 1- Recurrent and important; 2- Important but not recurrent; 3- Recurrent but not important; 

4- Not recurrent and not important 

 

7.3.3 Key Drivers  

Based on the resultant matrix combination presented in Tables 7-2 to 7-5, and the 

frequently occurred themes presented in Table 7-1, it was possible to identify the highly 

significant themes on which the boundary of the research was established. Tables 7-6, 7-

7, 7-8 and 7-9 show the key drivers of cost overrun.  
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Table 7-6: Key leadership related drivers 

Leadership Related Drivers 

Theme Frequency of 

Occurrence 

Saliency Key Drivers 

Alternative government funding 12 Low  ✓  

Political interference 16 High ✓  

Political opposition to project 17 High ✓  

Political instability 29 High ✓  

Project termination 10 Low  ✓  

Breach of contract agreement 6 Low -  

✓ = Yes 

- = No/Ignored 

Table 7-7: Key societal related drivers 

Societal Related Drivers 

Theme Frequency of 

Occurrence 

Saliency Key Drivers 

Land issues with communities 11 High ✓  

Social issues 25 Low  ✓  

Stakeholder involvement 11 Low ✓  

Threat to personal & assets 

security of communities and 

religious institutions 

4 Low -  

Public grievances 11 Low  ✓  

Communities opposition to 

projects 

13 High  ✓  

✓ = Yes 

- = No/Ignored 

Table 7-8: Key project management related drivers 

Project Management Related Drivers 

Theme Frequency of 

Occurrence 

Saliency Key Drivers 

Project duration 11 Low ✓  

Delay in progress of work 31 High  ✓  

Modification of project scope 23 High  ✓  

Design modification 8 Low -  

Poor project planning 19 High  ✓  

Project quality deficiency 6 Low -  

Delay in payment to contractors 21 High ✓  

Deficiency in financial source 19 High ✓  

Bureaucratic process 7 High ✓  

Rework 6 Low -  

Variation 12 Low ✓  

Construction materials 4 Low -  

Outstanding liabilities 5 High ✓  

Adverse weather 28 High ✓  

✓ = Yes 

- = No/Ignored 

Table 7-9: Key macroeconomic related drivers 

Macroeconomic Related Drivers 

Theme Frequency of 

Occurrence 

Saliency Key Drivers 

Fluctuation in prices of 

materials, labour and equipment 

15 High ✓  

Inflation 7 High  ✓  

✓ = Yes 

- = No/Ignored 
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7.3.4 Discussion of Results 

The results of the key drivers (Tables 7-6, 7-7, 7-8, and 7-9), based on the analysis, are 

presented below. They fall into various categories, as presented in Tables 7-10, 7-11, 7-

12, and 7-13 respectively.  

➢ Project Management Related Drivers 

Underperformance of highway projects due to project management related issues has 

been considered as the main challenge facing most highway projects, because these 

challenges become apparent during construction and as more information about the 

project becomes clear and are related to project delivery and management (Love et al., 

2011, Love et al., 2015a). Although they are issues that could be anticipated, and 

eventually controlled, in highway projects (Siemiatycki, 2009), they are very prevalent in 

publicly funded projects. This is affirmed by the emergent themes identified from the 

discussions with stakeholders involved in the provision of highway projects in Nigeria. 

Most of the themes identified from the data related to technical risks and uncertainties 

that were specific to projects funded and executed by the public sector agency. 

Table 7-10: Thematic analysis grid- project management related drivers 

 Basic themes 

 

 

 

 

Project Management Related 

Drivers 

Project duration 

Delay in progress of work 

Modification of project scope 

Poor project planning 

Delay in payment to contractors 

Deficiency in financial source 

Bureaucratic process 

Variation 

Outstanding liabilities 

Adverse weather 

 

• Project Duration 

In almost all the publicly funded highway projects in Nigeria, the completion periods 

stretched far beyond the contractually agreed time frame. This has essentially become a 

norm and is an indication of weak discipline and lack of a strong institutional structure to 

ensure that the contract terms are strictly adhered to. Because of the nature of the project 

procurement process, which is largely public client dependent, projects often experience 

all sort of challenges that lead to long project delivery periods, which would not have 

happened if the project was privately financed. This finding is consistent with other 

established empirical works, as documented by Cantarelli et al. (2012c) in the 

Netherlands, Andrić et al. (2019) in Asia, Huo et al. (2018) in Hong Kong, and Odeck 

(2004) in Norway. For instance, Akoh (2018) reported that most highway projects in 
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Nigeria overran by a substantial period of time, and in most cases the cost consequence 

was transferred to the public sector client. Interviewees emphasised the impact of a lack 

of public client commitment towards achieving the project objective within the 

contractually agreed timeline. For instance, one of the interviewees mentioned that: 

“The duration of most of the contracts are usually extended severally which often 

are client initiated and not the contractor” [C_PC]. 

Lack of scope clarity in the early stages of the lifecycle of most projects is mentioned by 

many interviewees as one of the main reasons for the extension of the project delivery 

period. This related to inaccuracies regarding what it takes to actually deliver projects, 

including considering key characteristics of the geographical locations. The planned 

project duration is not likely to be realised when important information begins to emerge 

during construction and have to be accommodated into a revised plan. Another 

respondent stated that: 

“Of course, for you to have additional works that mean you also have to extend 

the contract duration because that additional works will also take some time to 

realise it” [CL_FCW]. 

Sometimes the project duration was not attained because of lack of progress in a project: 

often when the contractors vacated the site in protest at unnecessary delays in payment 

for the executed work. Unfortunately, many highway projects often failed to achieve the 

agreed project timeline due to such negligence from the public client. This is emphasised 

by one of the interviewees: 

“Anytime the contractors leave site, it comes with a corresponding extension of 

time which is clearly stated in the relevant clauses in the conditions of contract, 

and it has to be complied with” [CL_SHE]. 

The reliance of the resources (such as diesel, bitumen, equipment, and labour) utilized for 

highway project construction on time means that the failure to fulfil the agreed contract 

conditions will have a significant impact on the project cost, because everything is related 

to satisfying those agreements. This has been re-affirmed by one of the respondents: 

“The equipment cost, labour cost, cost of consumables particularly diesel and 

bitumen are related to time, if you are longer in the site, you spend more and well 

you can say when the project runs few years longer, you can reduce let’s say the 

number of labourers on your site but you are still going to have some, and you 

have site management commitment, you still have equipment, so you have costs 

that are time dependent and cost that are fixed” [CO_PM]. 

 

• Delay in Progress of Work 

Considering the importance of ensuring smooth progress of a construction project, 

highway projects (and particularly publicly funded projects) are infamous for their delays, 
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due to numerous issues from technical, political, and social perspectives, as recognised 

by most interviewees. However, in many developing countries, several projects funded 

by the public agency are simultaneously executed, thus limiting the sustained availability 

of funds, and hence leading to stoppage of work pending the availability of funds. This is 

in consonance with existing empirical findings. For instance, Mansfield et al. (1994), 

Akoh (2018), Kigbu (2015), and Anigbogu et al. (2019) in Nigeria, Lee (2008) in South 

Korea, Singh (2010) in India, Wijekoon and Attanayake (2013) in Sri Lanka, Kaliba et 

al. (2009) in Zambia, and Gkritza and Labi (2008) in the USA. The interviewees 

emphasised that: 

“You know, the main thing is that, the project has been on and off for quite a few 

times, it really affected the progress of the project because the client is committed 

to a lot of ongoing projects all over the country” [CL_CPS]. 

All projects are subjected to scrutiny from the parliament before cash backing approval 

is provided, as conferred on them by the relevant sections of the 1999 constitution 

(sections 80-84) and the Fiscal Responsibility Act of 2007 (section 18) (Sam-Tsokwa and 

Ngara, 2016). As such, political differences between the various arms of government 

could have a severe impact on the funding allocations to key projects, and this affects the 

contractual relationship between the client and the contractor because the payment will 

be insufficient, which often affects the progress of work. For instance, a report in the 

Punch newspaper (Punch, 2017) revealed that a political scuffle between the legislative 

and executive arms of government in 2017 resulted in massive funding reductions to some 

key projects (for example the Lagos-Ibadan highway project). As mentioned by the 

representative of the executive arm, “By shaving of the funding for this important 

interstate highway, the National Assembly has succeeded in further squeezing the 

economy and inflicting agony on businesses and thousands of commuters using the 

highway”. As captured by one of the interviewee's narration: 

“The issue of conflict between members of the national assembly and the executive 

with regards to funding sometimes causes major setback to many projects. 

Sometimes, the funds allocated to a project might be reduced as we have witnessed 

in many projects and usually, the contractors could no longer continue the 

construction work. They usually vacate the site when funding issues due to this 

sort of political conflict happens” [CL_CPS]. 

In some instances, instability in the political institution can affect the progress of work, 

because the transition from one government to another may affect the funding 

commitment due to lack of political will. This is indicated by the following narration: 

“As the funding was missing, we suspended the project again, the first time before 

the election and at the end of the election year again because of course then you 
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know the political environment was uncertain with elections imminent, there was 

no funds coming to the project” [CO_RTM]. 

Social issues related to the attitudes of people often affect construction works, particularly 

if the project is a reconstruction of an existing highway. For that reason, the consequences 

of not obeying simple rules could significantly affect the project, as captured by one of 

the interviewees: 

“It also causes delay in our progress of work because, most of our trucks get stuck 

in the traffic and can only be relieved when the traffic is eased, and this happen 

whenever such thing i.e., traffic builds up and accidents happen|” [CO_RTM]. 

 

• Modification of Project Scope 

When project complexity is underestimated, changes to the scope of the project are 

inevitable. In most publicly funded highway projects, projects are awarded, and 

contractors often embark on large scale endeavours, without fully knowing the details of 

what is required, resulting in significant changes to the project scope when the details 

begin to emerge. This is in concordance with the findings of earlier empirical studies, as 

documented by Kaliba et al. (2009) in Zambia, Gkritza and Labi (2008) in the USA, 

Shimete and Wall (2017) in Namibia, Singh (2010) in India, Verweij et al. (2015) in 

Netherlands, Creedy et al. (2010) and Terrill and Danks (2016) in Australia, Alinaitwe et 

al. (2013) in Uganda, Chileshe and Danso Berko (2010) in Ghana, Leo-Olagbaye and 

Odeyinka (2018) in Nigeria, Sohu et al. (2017b) and Nasir et al. (2011) in Pakistan, and 

Andrić et al. (2019) in Asia. This is pointed out by one of the interviewees, referring to 

the projects they have been involved in across the country: 

“The government brought in additional works and the initial scope of the project 

was expanded because, when the new government now came on board, they 

realised that the project has not taken into consideration some of the development 

within that project corridor i.e. development such as churches springing up, 

communities around, other religious bodies, even industrial development along 

the road axis, so you now have additional works and it was added to the initial 

cost” [CL_FCW]. 

A development which spans many years without completion will often result in obsolete 

scope over time due to population growth, and have a significant impact on road users, 

religious institutions, businesses, and some communities due to increased social issues 

(traffic, road users’ indiscipline and accidents). As a result, modifying the scope becomes 

imperative to accommodate certain grievances of stakeholders affected by the project, as 

exemplified by one of the interviewees: 

“I mean, the idea of the additions of the new structures and upgrading existing 

ones was necessary because of the pressure we often go through, not only from 

the religious organisations, but also the communities, industries and businesses 
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because everyone using that road is affected and not really happy about the 

situation” [C_TL]. 

 

• Poor Project Planning 

Many highway projects go over planned budget by ignoring the importance of adequate 

planning before embarking on the project. This has been acknowledged and explained in 

existing works, such as Bina (2011) and El-Maaty et al. (2017). Bina (2011) posited that, 

to complete a construction project in a financially responsible manner, not only did one 

need a good network of suppliers, strong cash flow, a good number of skilled workers, 

equipment, plant, and machinery, but one needed proper planning. The consequence of 

poor project planning is that more energy, time, and money is committed to realise the 

project. Most publicly funded projects in Nigeria are contracted out without detailed and 

proper planning by the parties involved, which in turn has a domino effect on the scope 

of the project and, most importantly, cost. This has been demonstrated in the work of 

Amadi and Higham (2018). 

This driver has also been identified as a significant contributor to cost overrun in many 

countries, and is thus consistent with the findings of Shimete and Wall (2017) in Namibia, 

El-Maaty et al. (2017) in Egypt, Akoa (2011) in Cameroon, Amadi and Higham (2017) 

in Nigeria, Mahamid (2013) in Palestine, Sohu et al. (2017b) and Nasir et al. (2011) in 

Pakistan, and Park and Papadopoulou (2012) in Asia. The impact is that the possibility of 

future developments along the highway axis and nearby will not be anticipated, and as 

such the plan and indeed the design will be full of uncertainties. This has become the 

norm in most highway developments in Nigeria, as a result of the rush by the government 

to fast track the project awards and implementation. For example, a country assessment 

report by the World Bank in 2000, found in Dim et al. (2018), revealed that about 50% 

of public highway projects are deemed to fail even before they commence, because they 

were initially planned and designed to fail. Furthermore, Kigbu (2015) asserted that the 

government usually rushes to fast track the award of most of the highway projects in the 

country without sufficiently allocating time for detailed planning and design, which over 

time will require the project sponsors to make changes due to more reliable and clear 

information about the project. This is recognised and exemplified by some of the 

interviewees, referring to the projects they have been involved in across the country:  

“The project was awarded to different contractors as a normal tender EPC 

project within a very short timeframe, there was no adequate arrangement and 

preparation as the client then did not take time to consider a lot of things such as 

the presence of religious organisations and the possibility of communities 
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expanding to the corridors of the highway before awarding the contract” 

[CL_SCE]. 

“The contract was awarded without adequately considering and envisaging the 

future developments along the highway, which is a common practice in Nigeria 

because, once a road is constructed, it opens up development along its corridor, 

but the government often ignore this issue” [C_TL]. 

 

• Delay in Payment to Contractors 

The public sector allocates and finances large highway projects throughout the country, 

and controls the execution of highway projects (Abiodun, 2017, Adamu et al., 2015). 

Unfortunately, it is thus unreliable (Oyedele, 2012, Muhammad et al., 2015), since 

payments for contractors are often delayed beyond the contractually stipulated period. 

This is often caused by bureaucracy in the public sector and inadequate funding provision 

to key projects. The impact on the project is significant, as it often results in situations 

where contractors are faced with cash flow issues and suspend the project pending being 

paid. This factor is in line with findings of earlier studies. For instance, Mansfield et al. 

(1994) and Anigbogu et al. (2019) in Nigeria, Sohu et al. (2017b) and Nasir et al. (2011) 

in Pakistan, Alinaitwe et al. (2013) in Uganda, and Chileshe and Danso Berko (2010) in 

Ghana. The emphasis on this key issue has been made by some of the interviewees. They 

put it this way: 

“Payment of certified work has always been a very serious matter on all the 

publicly funded projects, there is no assurance from the government that we will 

get paid anytime we work, so I mean it is very risky for us as a company because 

we put in our resources and effort, but we don’t get paid on time, sometimes for 

more than a year” [CO_SQS]. 

“The issue of payment is a big issue in most of the projects, because, most times 

funding are not forthcoming, where the funds don’t come on time, it basically 

affects the contractor and as a result the contractor is not able to perform the 

contractual obligations as required” [CL_SE]. 

 

• Deficiency in Financial Source 

Considering the nature of highway projects provision, which is entirely public sector 

driven, the finance of highway projects has been through an insufficient and overstretched 

annual budgetary allocation, which has proved inadequate to fund highway infrastructural 

development. Akoh (2018) revealed that the funding problem could be technically and/or 

politically inclined. As such, many projects across the country are under construction and 

new projects initiated, and all of these projects require funding which comes from the 

capital budgetary allocations. Furthermore, Ayodele and Alabi (2011) and Ihuah and 

Miebaka (2014) revealed that the issue of project funding, particularly in publicly funded 

projects (Lagos-Ibadan highway project inclusive) which happen to be prone to a series 
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of political interests, is one of the main reasons why most projects in Nigeria are 

suspended (and sometimes abandoned), which increases the project cost significantly due 

to inconsistencies in the market forces. This is in consonance with the affirmation of 

Odeyinka and Yusif (1997) that, due to the shortfall in funds allocated and released to 

publicly funded government projects, most projects get suspended during construction 

regardless of the substantial investment. This driver is consistent with earlier studies and 

was found to be critical. For instance as reported by Akoh (2018), Kigbu (2015), Oyedele 

(2015), and Amadi and Higham (2017) in Nigeria, and Morris (1990) in India. 

Interviewees emphasised the impacts of insufficient funding, which often affects the 

contractors’ financial stability. For example, one interviewee mentioned that:  

“The major challenge with most of the highway projects is just funding generally” 

[CL_FCW]. 

Another interviewee expressed his view in this way: 

“Funding is a critical issue facing all the highway projects partly, because 

government finances most of these projects from the national budget which is 

inadequate to cater for all the projects” [CL_SE]. 

However, in many instances, project funding challenges emanate from a more political 

perspective.  Projects often initiated by a different government could face the risk of being 

denied adequate funding, particularly when the political environment is uncertain, and 

the government determines how projects receive priority funding in different geopolitical 

zone. A concerning report by Okon (2009) revealed that 74% of all publicly funded 

highway projects in the Niger Delta region (initiated between 2001 and 2008) were never 

completed, and were abandoned due to funding shortfalls which were found to be linked 

to insincerity on the part of the highway agencies, and political manipulation. This is very 

much the same problem across the country, because all highway projects (irrespective of 

the region) are financed and managed by the Federal government or its subsidiary public 

sector agencies (Okon, 2009, Ihuah and Benebo, 2014). Also, this is consistent with the 

finding of Baloi and Price (2003), that project funding in developing countries seems to 

be political in nature. One of the interviewees cited insufficient funding due to the 

influence of politics as one of the key risks to projects, and commented that: 

“We had series of government transitions and the issue of the project particularly 

with regards to funding has been engulfed in politics because every time we have 

a change in the political arena, it affects the funding flow” [CL_SE]. 

With the system of government in operation where all budgetary proposals and provisions 

from the executive have to go through the legislature for scrutiny and approval, the 

legislature find ways of introducing certain elements into the budget proposals. For 
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instance, Kigbu (2015) reported that political interest from institutions such as the 

parliament had posed a very serious challenge, and had an effect on the funding available 

for critical highway projects in Nigeria. He mentioned that the consistent insertion of non-

critical constituency projects had further indicated that the funding challenge would 

continue to be a serious obstacle in ensuring timely and cost-effective delivery of highway 

projects across the country. As such, the introduction of non-critical projects into the 

annual public budget affects the funding provision to Federal Government Trunk A 

highways. One interviewee explained that: 

“You see, the problem with the funding to this project is a political one. Very 

insignificant amount of money is usually allocated by the government because of 

the so many non-critical projects; the so-called constituency projects that are 

always introduced into the government budgets. This is the main thing. I mean the 

projects are so many and then the funding is spread across because the approval 

will not be granted without their projects” [CL_FCW]. 

Over time, the funding to the project is severely affected because of so many on-going 

and new projects that need funding, and project costs escalate and exert even more 

pressure on the funding allocation to the project. This is explained by one interviewee: 

 “One of the main problems has been lack of funding and because of that, every 

year the cost of the project accumulates the backlog of the shortfall and further 

put more pressure on the funding allocation to the project. It is just logical you 

know” [C_CPS]. 

 

• Bureaucratic Process 

Bureaucracy in the public sector constitutes an avenue to maximise efficiency and 

eliminate favouritism in the project procurement process, particularly in emerging 

economies. Even early theorists like the German sociologist Max Weber argued that 

“bureaucracy constitutes the most efficient and rational way in which human activity can 

be organized and that systematic processes and organized hierarchies are necessary to 

maintain order, maximize efficiency, and eliminate favouritism”. However, it has proven 

to be otherwise, particularly in the provision of public sector projects in developing 

countries like Nigeria, where the process of obtaining approval requests and payments 

can be quite long and often exceeds the contractually agreed period. Amadi (2016) 

acknowledged the bureaucracy associated with gaining funding approval for publicly 

funded highway projects in Nigeria. On this note, Aderibigbe (2018) quoted a public 

official saying, “How these things work is that, when the Federal executive council comes 

up with its approval, it takes about two weeks for the council to pass such approvals to 

the ministry and it is only when we get the extracts that we can formally write to the 

contractor” and this affects how long it takes the contractor to access the approved funds. 
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The interviewees recognised the existence of the long chain of processes before 

contractors can access their payments, even when approval has been granted: 

“You know once the contractor gets certificate for the work done, it is sent to the 

appropriate authorities, the ministers, directors in the ministries, consultants, the 

Accountant General of the federation, so once it is approved for payment, most 

times it takes a while before the contractors received the payment  for the certified 

work, which of course, contractually, it is 28 days, so it is an issue even when the 

budget has been approved and funds available, the chain of the whole process is 

quite long” [CL_SE]. 

Another interviewee responded this way: 

“The projects are mainly financed from the budget and the funding provided has 

to go through a series of vetting before it finally gets approved for payment and 

released to contractors” [CL_CPS]. 

 

• Variation 

Upward review in highway contracts in Nigeria has become a norm. As a result of 

changes in prices of resources due to economic uncertainties and the review of 

construction duration, upward review of rates to projects becomes unavoidable, because 

the augmentation will cater for the review of the obsolete rates and the changes. For 

instance, Akoh (2018) and Kigbu (2015) reported that contractors usually request further 

reviews of the contract terms, to take into account the rise in prices of both materials and 

labour. One of the interviewees emphasised the need for ongoing review of contract 

terms, to cater for any necessary augmentation induced by the client. 

“And of course, the contractor will return to the site and that is when you hear 

issues of reviewing the contract terms which has become part of the whole process 

to accommodate the changes. The variation will be accommodated by the client 

in the review because they caused it. That is exactly what is happening to all the 

highway projects in Nigeria. This is a big problem on all publicly funded projects” 

[CL_SCE]. 

Considering the site management commitments of the contractors: when there is an issue 

that is client initiated, the contractors will often request an augmentation to cover their 

commitments, because they are contracted to both local and international personnel. As 

explained by one interviewee: 

“There are certain administrative costs that must keep coming even whether the 

work is going on or not, the contractor has to cater for, all the expatriates the 

contractor engaged in the project, even the local people, the security people will 

still be at the site, and they have to be paid for those idle time and all those costs 

will keep running, all these are then factored in the new reviewed contract” 

[CL_CPS]. 
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• Outstanding Liabilities 

It is thus necessary to ensure that the liabilities are catered for before further financial 

commitment. Often, in Nigeria, many contractors are owed significant amounts of money, 

as a result of the inability of the client to make the requisite and consistent payments. The 

liabilities compound the funding problem because the client offsets only a portion of the 

liabilities, the costs of the project keep expanding, and the allocation of funds keeps 

shrinking. For instance, a newspaper report in Nigeria (Punch, 2017) revealed that the 

budgetary allocation to most highway projects in Nigeria could not pay off the debts owed 

to contractors, which resulted in increased client debts. This is described by one of the 

interviewees: 

“The budgetary allocation every year for most of the projects is always 

insufficient and all the time, contractors’ payment despite the fact that the work 

has been valued and certificates given for payment, takes time for the payment to 

be made to the contractors and that pile up more debts on the client” [CL_SSpE]. 

The outstanding debts due to contractors not only affect the funding stream further but 

could also impact on the subsistence of the contracting organisation, particularly small 

and medium sized contracting companies. This is buttressed by the finding of Ogbu and 

Adindu (2019), revealing the high bankruptcy rate experienced by small and medium 

sized contracting organisations in developing countries like Nigeria. One interviewee 

emphasised this, saying: 

“The outstanding debt to contractors is worrisome because if the contractor is 

not a big contractor, then that is over for him because they can no longer continue 

to exist” [C_06]. 

 

• Adverse Weather 

In most site-based construction practice, the anticipated impact of unfavourable weather 

conditions will be estimated and incorporated into the project program; severe conditions 

(beyond those anticipated) can significantly affect the construction project. Akoh (2018) 

attributed the impact of the severe situations to the varying climatic conditions in Nigeria. 

This study’s results on the significance of adverse weather also aligns with other previous 

studies. For instance, Kaliba et al. (2009) in Zambia, Al-Hazim and Abusalem (2015) and 

Al-Hazim et al. (2017) in Jordan, and Leo-Olagbaye and Odeyinka (2018), Okon (2009), 

Youdeowei (2013), and Amadi and Higham (2017) in Nigeria. The emphasis on the 

impact has been clearly explained by the interviewees: 

“The weather, even though in some regions like the south-west and south-south 

regions, slows the pace of work on site because, once it is raining particularly the 

kind of heavy downpour we experience when in site, there is no possible way we 

can lay the asphalt and in most cases this rain comes in heavily and can last for 
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a day or more. That alone is a serious problem. It has significant impact on the 

project” [CO_RTM]. 

“The rainy season forces the contractors to stop working, when it is raining 

because you know, the rain sometimes come with heavy downpour and slows the 

pace of work. They usually make effective use of the dry season as they try as 

much as possible to push for speed” [CL_SCE]. 

“When it’s the rainy season, the earthworks and laying of asphalt is usually 

suspended and the lost construction grounds is recovered once the rains are over” 

[CO_SQS]. 

 

➢ Macroeconomic Related Drivers 

Government fiscal policies are meant to result in appreciable development and sustained 

economic growth, but instead, over the years, they have had a significant effect on 

construction projects, as many projects are completed (if at all) over the contractually 

agreed sum. For instance, Akoh (2018) revealed that economic and financial risks 

accounted for a significant portion of the risk factors in the delivery of highway projects 

in Nigeria. The principal economic goal of every economy is price stability, which is 

determined by the inflationary trend peculiar to the country. Hence, these indicators 

influence and affect the continuous commitment towards achieving the objectives of 

critical highway construction projects. As emphasised by Herrera et al. (2020), the market 

situation in every country is dictated by circumstantial indicators such as law of demand 

and supply, economic volatility, variations in exchange rates, and inflation, which 

determine the impact of the macroeconomic variables of project performance. It is evident 

from the themes identified that uncertainties and the frequent implementation of certain 

policies over the years have had a severe impact on the inflation rate and rendered the 

prices of the materials and labour obsolete, thereby requiring updating contracts sequel to 

the price changes. 

Table 7-11: Thematic analysis grid- macroeconomic related drivers 

Organising themes Basic themes 

Macroeconomic Related 

Drivers 

Fluctuation in prices of materials, labour and equipment 

Inflation 

 

• Fluctuation in Prices of Materials, Labour and Equipment 

Uncertainty in the Nigerian economic cycle has really impeded the performance of the 

construction industry. Of particular impact is the rate at which the prices of goods and 

services (such as cement, reinforcement, bitumen, diesel and labour) often rise, which has 

been a common trend in Nigeria. Extension of the project implementation period plays a 

significant role as well, because the unit rates of the contracts are often rendered obsolete, 

particularly when inflation sets in, which is peculiar to the Nigerian economy as a result 
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of economic instability. This was noted by El-Maaty et al. (2017), who described how 

contractors in developing countries (including Nigeria) often estimate the prices of 

materials in the tender based on the contemporary prices at the local markets, and 

consequently any shock in the prices of materials will force the contractors to buy at high 

prices. This study’s results on the significance of fluctuations in the prices of materials, 

labour and equipment aligns with other previous studies. For instance, Kaliba et al. (2009) 

in Zambia, Gkritza and Labi (2008) in the USA, Creedy et al. (2010) in Australia, 

Chileshe and Danso Berko (2010) in Ghana, Mansfield et al. (1994) in Nigeria, Wijekoon 

and Attanayake (2013) in Sri Lanka, Nasir et al. (2011) in Pakistan, Lind and Brunes 

(2015) in Sweden, Andrić et al. (2019) in Asia, and (Akal et al., 2017) and El-Maaty et 

al. (2017) in Egypt. It is thus explained by the interviewees: 

“The contractors find themselves in a difficult situation where the prices of 

materials, labour and even spare parts of equipment are not as they were when 

most of the contracts were awarded, and it is something beyond their control” 

[CL_SCE]. 

“Of course, within the period that we are out of site, the basic cost of materials 

particularly bitumen, diesel and cement have gone up and also the cost of labour 

which often arise due to inflation” [CO_SQS]. 

 

• Inflation 

Inflation has had a strong impact on highway projects, as the prices of materials, labour 

and equipment often continue to rise. The consequence of the instability in the country’s 

economy results in the prices of critical consumables and labour rising sharply, because 

of the sensitivity of the construction industry to inflation, especially when the timescale 

of the project is uncertain. The economic situation in Nigeria is uncertain and sometimes 

unpredictable, and this is buttressed by Akoh (2018) who attributed the state of the 

highway projects in Nigeria to the chaos of the Nigerian economy. This study’s results 

on the impact of inflation also align with previous studies. For instance, Akoh (2018) and 

Kigbu (2015) in Nigeria, Chileshe and Danso Berko (2010) in Ghana, Kaliba et al. (2009) 

in Zambia, and Alinaitwe et al. (2013) in Uganda. As indicated by one of the interviewees: 

“What happens when they returned to site, everything out there has changed 

because of the uncertainties in the economic circle, inflation sets in, and you know 

this issue of inflation is a serious one which affects everything in Nigeria because 

of the uncertainties” [CL_SE]. 

In Nigeria, numerous policies regarding the economy have been introduced with a view 

to ensuring economic stability, but they have had significant negative impacts on most 

projects. This volatility is peculiar to the Nigerian context and differs from other 

countries, and thus it is very difficult for the contractor to control the trend. As explained 
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by one of the respondents: 

“The inflationary trend that we have in this country which is peculiar to all 

publicly funded projects where it is almost impossible to stamp your feet on the 

prices of construction materials, price of labour and energy all of these things 

and energy usually not been able to keep their foot on them, so they keep varying” 

[C_SE]. 

 

➢ Leadership Related Drivers 

The performance of highway projects is in part dependent on a sound project delivery 

process. Considering the nature of construction projects in Nigeria, particularly highway 

projects, the public sector is entirely responsible for identifying where a particular project 

is to be located, and also responsible for the provision of the necessary funds to deliver 

successfully on the project in its entirety. Hence, highway projects in Nigeria are strongly 

affected by all forms of biases from the project sponsors, because they are publicly funded 

interventions, and lack the political will to ensure their success (Oyewobi et al., 2011). 

The influence of politics in the whole process is significantly evident based on the 

emerging themes from the interactions with stakeholders in the industry. Politics has 

somehow become part of the entire project delivery process in Nigeria, mainly because 

of the monopolistic nature of highway project financing responsibilities and ownership, 

as evident from the themes that were identified from the analysed data. 

Table 7-12: Thematic analysis grid- leadership related drivers 

Organising themes Basic themes 

 

 

Leadership Related Drivers 

Alternative Government Funding 

Political Interference 

Political Opposition to Project 

Political Instability 

Project Termination 

 

• Alternative Government Funding 

Dependence on funding provision for highway infrastructural development through the 

capital budgetary allocation has proved to be ineffective and inadequate on many 

occasions. Often what arise are excessive shortfalls, which have been proven to have 

significant undesirable consequences on the development of highway infrastructure in 

Nigeria. As such, sourcing for alternative means to finance projects has become a priority 

of the public sector agency, particularly on critical economic projects, to reduce the 

reliance on finance from the budgetary allocation. For instance, reports by reputable 

newspapers in Nigeria, The Punch and Premium Times, revealed that the Federal 

Government introduced three alternative sources of funding from the National Sovereign 

Investment Authority (NSIA), Sukuk bonds (which are Sharia-compliant financial 
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instruments representing undivided ownership interests in defined assets), and a tax credit 

scheme, to enable it to finance and deliver on key critical infrastructure projects (Punch, 

2018, Premium Times, 2019). The shift from annual public financing to more 

independent sources has proven to be effective. This has been explained by the 

interviewees, referring to the projects they have been involved with across the country:  

“I think the Nigerian Sovereign Investment Authority idea is a good idea because 

the federal government has prioritised key projects due to their economic 

importance, it decided to look for an alternative source of funding which is 

entirely independent of the government ministry’s budget. Of course, the whole 

essence is to improve the funding flow on the project. I think to find this special 

funding vehicle is a good idea because since then funding has improved and the 

progress is well on course” [CO_PM]. 

 

Political transitions can have positive or negative consequences, and highway projects in 

Nigeria have suffered significantly as a result of such transitions. However, a strong 

political will towards ensuring efficient project delivery despite a political transition 

could be an avenue to a more independent funding arrangement. According to a report 

documented by the Federal Government of Nigeria (FGN) roads Sukuk company 1 plc in 

2017, it was revealed that, although Nigeria had not experienced any significant political 

disruptions in recent years (notwithstanding the change in ruling party), there was no 

certainty that a subsequent change in the ruling party would not result in a change in the 

direction of government policies such as the financing arrangements (FGN, 2017). As 

such, one of the interviewees emphasised: 

“So, the government now resorted to the idea of Nigerian Sovereign Investment 

Authority (NSIA) which is entirely independent of the budget and through which 

the funds for the projects are coming from, so they began funding through NSIA 

and that is where we are now” [CL_CPS]. 

 

• Political Interference 

Government funded projects risk experiencing strong influences from the political 

leadership. In an uncertain political environment, politics can influence the allocation of 

resources to a project, especially in a setting like Nigeria, where influential stakeholders 

may have different political interests. Amadi and Higham (2018) acknowledged that most 

highway projects are conceived and executed arbitrarily, on an ad hoc basis which is 

largely determined by the pressure of politics. The financial situation of most of the 

projects has been attributed to political issues, which often impact severely on project 

funding because of deliberate attempts to put political interests ahead of the national 

interest. For instance, Tribune (2018) and Kigbu (2015) reported that political 
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interference from politicians has had a significant effect on key highway projects across 

the country. The deliberate insertion of some elements (i.e. constituency projects) into the 

annual capital budgets by members of parliament has had a devastating impact on critical 

infrastructure projects, because the funds are too thinly spread, to the detriment of projects 

on major federal trunk highways. This is explained by one of the interviewees, referring 

to projects they had been involved with across the country, saying:     

“This particular project (Lagos-Ibadan highway project) is a political project 

which has been lingering for some time. The political interest on the project tend 

to overshadow the national interest. What happened recently between the 

parliament and executive with regards to funding provision where the allocation 

was reduced significantly is a testimony to that. I mean, it is that serious on this 

project” [CL_SE]. 

 

• Political Opposition to Project 

The performance of highway projects can be significantly compromised when there are 

strong political differences within the political landscape of any country, but particularly 

in developing economies. Projects procured for political reasons, and which do not follow 

due process in the procurement process (particularly due to political interests and 

nepotism), are highly susceptible to hostility whenever there is a political change 

(Olufemi, 2013). For instance, Olufemi (2013) revealed that the procurement process that 

led to the award of the concession contract of the Lagos-Ibadan highway project in 2009 

had been enmeshed within a highly controversial bidding process, with political interest 

towards the selection of the bidder. In a multi-party system of democracy, such as Nigeria, 

publicly funded highway projects may face opposition when politicians at various levels 

of government have differences in political orientation and ideology. This was 

demonstrated by one of the interviewees: 

“You know, there is always this tense relationship between the various arms of 

government because, you have politicians from different political parties 

representing different constituencies, and they are more interested in what project 

represents their interest. Most times, the parliament are against a project because 

majority are not happy with it” [C_CQS]. 

 

Even the involvement of the private sector in highway provision, which is meant to 

enhance project delivery, does not exempt projects from political hostility, particularly 

when the environment the contractor is operating in is hostile. For instance, the PPP 

agreement for the delivery of the Lagos-Ibadan highway project was abandoned, due to 

the inability of the private investor to deliver on the agreement. The private investor’s 

failure was attributed in part to strong political opposition, due to the state government’s 

demand of 20% equity not being met, and the fact that a transition in government led to 
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a new administration which strongly opposed the initial project award process (Olufemi, 

2013). This sort of problem was mentioned by some of the interviewees, referring to 

projects they had been involved with across the country: 

“The private investor faced stiff opposition from the four state governments and 

the federal government as well, so it is a two-way problem and that is a very 

serious thing which often happens in the country” [CL_SE]. 

“The new government and the state government that are affected by the road are 

not happy with the agreement, they are all opposed to the agreement” [CL_CQS]. 

 

• Political Instability 

Political instability is viewed from the viewpoint of changes or transition in the country’s 

political leadership and often affect key projects particularly, on-going projects 

throughout their lifecycle. The short time horizon of political leaders in Nigeria (often 

shorter than the completion period of highway projects), exacerbates the political 

uncertainty in the country; it takes time for the new leadership to decide on their priorities 

with regards to on-going projects. For instance, Akoh (2018) found that publicly funded 

highway projects in Nigeria were significantly affected by the political uncertainty and 

its influence on on-going key projects. Furthermore, as reported by Akoh (2018) and El-

Rufai (2012), government inconsistency (due to changes taking place in the political 

leadership of Nigeria) was responsible for most of the publicly funded projects failing, 

often due to cost increases. Similarly, Herrera et al. (2020) revealed that the political 

situation in most countries, particularly in developing countries, due to government 

changes can create a favourable environment for cost overrun occurrence and eventually 

compromise successful project development. This was emphasised by some of the 

interviewees: 

“When the new government came on board because you know in Nigeria, every 

government has interest in one thing or the other and unfortunately every new 

government when elected decide on which project to continue providing funds. 

This issue is normal in Nigeria” [CL_SE]. 

“The instability in the political scene really has significant impact on most of the 

projects because you know, any time there is a change in leadership, it takes time 

for them to settle down in office and decide on their priorities. In most cases, 

ongoing projects are affected because they try to initiate new projects and these 

ongoing projects progress are slowed down. If you look at the projects across the 

country, they have been on for more than a decade and nothing significant has 

been achieved” [C_HQA]. 

 

• Project Termination 

Publicly funded projects, or even projects procured by involving the private sector, are 

highly susceptible to suspension (and sometimes cancellation), especially when the 



Chapter 7- Data Analysis                                                                        

169 
 

political environment is uncertain, and the procurement process is full of prejudice. For 

instance, Olufemi (2013) revealed that the chances of terminating a publicly funded 

project were quite high because most new political stakeholders felt that there was a need 

to abandon certain policies and pursue new priorities due to political differences and 

inclinations. The adoption of a more innovative and alternative approach to effective 

project delivery, in order to ensure successful delivery of highway projects across Nigeria, 

has proved to be ineffective (Oyedele, 2012, Muhammad et al., 2015). It was recognised 

by the interviewees that private sector involvement provided no benefit to some projects, 

e.g. the Lagos-Ibadan highway project was called off due to controversies surrounding 

the contract agreement. It was highlighted that the private entity lacked the requisite 

expertise and structure to execute the agreement, and therefore there was no possible way 

they could fulfil the contractual commitments. For instance, Agande (2012) and Olufemi 

(2013) revealed that there was also evidence that the private concessionaire could not 

meet a series of agreement deadlines because of challenges with compensating land and 

property owners, inability to secure the requisite funding, and issues of design. This 

study’s results with regard to this driver also align with those of previous studies, for 

instance Akoh (2018) in Nigeria. This has been reported to have led the new government 

to eventually cancel the concession agreement. 

 One interviewee, referring to the projects he had been involved with, put it this way: 

“The concession was cancelled when the new government came on board 

because, when we looked into the whole process, we found that the concession 

agreement the previous government had with the private investor was poorly 

structured, flawed and not bankable” [CO_SQS]. 

A similar comment from another interviewee was: 

“The private investor never went to site because agreement was basically flawed 

in the first place and they were unable to source for the necessary funding 

arrangement, so the government took advantage of that loophole and cancelled 

the contract” [CL_SSpE]. 

 

In some cases, projects were cancelled because of a lack of interest in the project from a 

particular government, due to political differences with the region where the project was 

situated. Interviewees mentioned that projects faced this problem because the political 

situation has been inconsistent, and changes in the political leadership resulted in 

contracts being terminated. For instance, Ihuah and Miebaka (2014) and Ubani and 

Ononuju (2013) were of the opinion that inconsistencies in government policies (due 

mainly to leadership changes) increased the chances of projects being suspending, and in 

the worst case terminated, despite significant investment having been made. This was 
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further supported by Ayodele and Alabi (2011), and also in agreement with earlier studies 

by Omoniyi (1996) and Onikute (1988), revealing changes in government often resulted 

in shifts in political priorities. At these times, projects commenced by previous political 

administrations were often abandoned to make way for newly conceived priorities. One 

of the interviewees explained it this way: 

“Unfortunately, the earlier contract agreement was not welcomed by the new 

government, and they were against the earlier agreement because it was entered 

into by the previous government, and the agreement was disbanded” [CL_SE]. 

 

➢ Societal Related Drivers 

During the construction phase of highway projects, the socio-economic impact on the 

local community constitutes the highest consequence arising from of the project work. 

The acquisition of land and assets along the development corridor can have adverse 

effects on the community, despite the significant positive impact the project might have 

on the community in the long-term. This is even more noticeable when the project is a 

reconstruction and rehabilitation of an existing highway, which then faces the dual 

challenges of usage and the reconstruction activities. As a result, there is the possibility 

that the client and other key project stakeholders will face various problems from within 

the community. Consequently, issues of attitude of people affected by the project play a 

key role in defining the effectiveness in the management of the project, particularly in 

developing countries where the laws of the land are not strictly adhered to. For instance, 

Cardoso (2005) revealed that construction activities caused significant inconvenience to 

the environment and indeed those affected by a particular project, which could eventually 

affect the cost performance of a project. The emergent themes from interactions with key 

project stakeholders attested to that affirmation. 

Table 7-13: Thematic analysis grid- societal related drivers 

Organizing themes Basic themes 

 

 

Societal Related Drivers 

Land issues with communities 

Social issues 

Stakeholder involvement 

Public grievances 

Communities opposition to projects 

 

• Land Issues with Communities 

Disputes between communities and the public/private clients are unavoidable in any 

construction work, particularly when the project affects the properties of the communities 

(i.e. extending beyond the legal right of way). The stakeholders affected by the project 

will resist any form of development for fear of losing their livelihoods, businesses, and 

properties. This is even more likely in developing countries, like Nigeria, where the 
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boundaries of projects are not clearly defined before embarking on the whole project 

delivery process. Affected communities often resist any form of development, 

irrespective of the economic benefit they stand to gain, and a series of engagements is 

required to iron out financial compensation and ensure that the project goes ahead without 

facing significant resistance and delay. This study’s results on this driver align with those 

of previous studies. For instance, Akoh (2018) in Nigeria, Nasir et al. (2011) in Pakistan, 

and Andrić et al. (2019) in Asia. The interviewees emphasised the objections from 

affected stakeholders, e.g. religious bodies and residents: 

“The additions will actually go beyond the row and cover a little bit more land 

so, it is now that, as they are adding that, that some issues are arising as regards 

the addition of these new structures from the affected communities and this is an 

issue unless it is resolved as soon as possible” [C_HQA]. 

“The right of way the government is trying to acquire take up lot of buildings and 

properties around and the communities did not welcome the idea” [C_PC]. 

 

• Social Issues 

Highway projects are impacted by issues resulting from the interactions between people, 

through their attitudes and the impact of the construction work on people. This is often 

the case during the construction phase of highway projects, particularly in reconstruction 

project. For instance, due to the capital intensity and significance of highway construction 

or reconstruction projects, they often require diversion of traffic, which can have a 

significant impact on existing road users and restrict access to some parts of the road 

(Boateng et al., 2017). Thus, in most instances, the construction or reconstruction of 

highway projects, particularly in developing countries, causes substantial upheaval in 

usual vehicular operations during the construction phase, often creating unease and delays 

for motorists and compelling them to consider using alternative routes, such as using 

opposing lanes (which in most cases compounds the traffic issues). Cardoso (2005) 

highlighted the impact of increased traffic due to construction activities. Earlier studies 

on transport infrastructure projects confirmed this prevalence of social issues and how 

they had affected project performance, for instance the Boateng et al. (2017) study on the 

performance of megaprojects. The interviewees emphasised the impact of significant 

traffic gridlock on the highway, which often affects projects, particularly disrupting the 

local community, religious institutions, and their activities. This was mentioned by some 

interviewees, regarding projects they had been involved with: 

“We often have traffic situations and things like that in most of the projects 

because of the reconstruction nature of the projects, to some extent there are days 
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where the road is blocked and the contractors have to step down operation for a 

day or so, so that on its own also affect the project” [CL_SE]. 

“The issue of traffic is usually excessive and a serious one, so once you have a 

small problem along the section of the road, it affects all other sections and before 

you fix it, it generates a backlog of traffic” [CL_FCW]. 

Some interviewees mentioned that accidents had impacted on projects, predominantly 

due to people's impatience and non-adherence to traffic regulations and diversions and 

exacerbated if there were inadequate diversion signs in place. Often, when heavy trucks 

and vehicles collide, people express their dissatisfaction about a project, citing the 

diversions and construction works as the cause of most accidents. Some of the 

interviewees mentioned this: 

“The problem is only often the indiscipline of the motorist, we have speed limits 

in place, nobody cares, they are driving too fast, they are falling asleep, they are 

causing accidents, they are moving in the opposite direction of traffic and if you 

cause accidents in a diversion, then we have concrete piers in place so they will 

be moved, they will be shifted to the other direction and this is building up the 

hiccup and then people think they can do a short cut going the wrong way which 

is even causing more problems” [C_HPM]. 

 

• Stakeholder Involvement 

It is often the case that, during a highway construction project, particularly a 

reconstruction and expansion work, a wide range of people and organisations have an 

interest and become involved to a certain degree in making decisions (Boateng et al., 

2017). They may be the public agency providing the scheme, contractors engaged by the 

public agency to deliver the scheme, or the potential users that will benefit from the 

scheme. Although the livelihoods of the potential users of the project may be affected in 

some way by its implementation (Boateng et al., 2017), they need to engage with the other 

stakeholders to ensure that the project does not result in a significant negative impact. 

The interviewees emphasised that the stakeholders engaged with each other to resolve the 

grey issues that were evident in the project and reach compromises, so that the progress 

of the project would not be impeded. Some of the interviewees mentioned that: 

“From the series of meetings, the government is trying to reduce the right of way 

so as to accommodate the complaints of the communities and adjust since it is 

now a built-up area, they are trying to reduce it so that they can have something 

a bit narrow just for the highway and a slight clearance for the road as well” 

[C_PC]. 

“As those issues are arising, there are series of meetings going on with the local 

affected communities” [C_HQA]. 
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• Public Grievances 

During a construction project, it is normal for people, communities, and other institutions 

to express their dissatisfaction towards the project whenever their rights and livelihoods 

are infringed. Their dissatisfaction may be more connected to their attitudes and not the 

construction activity itself. As emphasised by some of the interviewees, some people’s 

indiscipline leads to major accidents, resulting in people becoming apprehensive about 

supply-side stakeholders without considering their own behaviours. The interviewees’ 

statements read: 

“The people on the road and the communities becomes agitated and upset 

pointing accusing fingers at the contractors” [C_HQA]. 

“People are just not happy about it when you have over a million worshippers 

using the road on a weekly basis, the communities are not also happy with the 

situation because that causes massive traffic which often affect their lives and 

businesses” [C_TL]. 

• Communities’ Opposition to Projects 

The acquisition of people's land and assets, organisations and communities often happens 

in construction works, particularly highway projects which transverse through numerous 

towns and communities. The communities are mostly affected when the land to be used 

is outside the Government legal right of way provided by law. Often, when that happens, 

the community stakeholders resist and oppose any form of development, even though the 

project may benefit them economically, because their properties, land and livelihoods are 

significantly affected. The interviewees emphasised the resistance often faced in the 

projects from these communities, because of the expansion and addition to the project 

scope. The interviewees stated that: 

“There are complaints from the communities towards the expansion and the 

construction of the interchange because they are afraid it is going to encroach 

severely into their properties, and I must tell you that it is a serious matter right 

now” [C_PC]. 

“Some of the communities are not happy with the idea of providing some of those 

structures particularly the interchange because they feel that their communities, 

properties and even their livelihood will be affected” [C_TL]. 

 

7.4 Phase Two: Identification of Causal Relationships 

After further data analysis and reaffirming the established boundary of the system, the 

causal relationships between the different themes were identified from the data, and a 

coding chart was developed for each causal relationship, in line with the 

recommendations of: Buetow (2010), Turner et al. (2013a), Nguyen et al. (2015), 

Anigbogu et al. (2019), Kim and Andersen (2012), and Eker and Zimmermann (2016). 
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RICs and DS ID codes were assigned to each chart to represent the source of information 

for the causal relationship and the categories of the causally related themes, in line with 

the recommendation of Kim and Andersen (2012). The supporting data extracts were also 

provided, to ensure that the process was transparent and reliable, as suggested by Turner 

et al. (2013a). Based on the established causal relationship identified from the data and 

represented in the coding chart, the causal relationships of each individual relationship on 

the coding chart were transformed into a CLD in the form of cause and effect links of key 

influencing drivers. A composite CLD capturing all of the complex interrelationships (in 

order to understand the system) was also created, as recommended by Turner et al. 

(2013a). The process in this section conforms to step 3, step 4, and step 5 of the formulated 

coding process. Based on the analysis, it was evident from the mental models of the 

stakeholders that there was a synergistic relationship between the different categories of 

drivers, as certain project management related drivers could be traced to not only 

technical uncertainties, but also to political and social perspectives. To further ensure 

transparency of the coding process and build confidence in the resultant CLD, and to 

ensure there was no disconnection between the CLD and the data, a DS reference table 

was created (as emphasised by Kim and Andersen (2012)). This linked the causal 

relationship, the CLD, and the data source alongside the causal relationship of the themes 

that were already recorded and built in CAQDAS (Nvivo 12) using the relationship 

feature of the software (Eker and Zimmermann, 2016). 

7.4.1 Project Management Related Drivers 

Interviewees expressed causal mechanisms and their mental models in a more detailed 

way than could be represented in a simple and plausible model. However, the causal 

attributions identified from the data were transformed into coding charts, the coding 

charts were transformed into causal links, and eventually a CLD presented a visual 

representation of the causal attributions of the statements identified from the mental 

database of the various stakeholders, and thus presented the complex nature of the 

problem by acknowledging the causal relationships and feedback processes of the key 

drivers of cost overrun. Table 7-14 presents the causal links between the various project 

management related drivers. 

Table 7-14: Causal links (project management related drivers) 

Causal Links 

 

Delay in payment to contractors                                      Delay in progress of work 

 

Delay in progress of work                                      Project duration 

+ 

+ 
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Delay in progress of work                                     Modification of project scope 

 

Modification of project scope                                     Project duration 

 

Deficiency in financial source                                     Delay in payment to contractors 

 

Bureaucratic process                                     Delay in payment to contractors 

 

Poor project planning                                      Modification of project scope 

 

Adverse weather                                      Delay in progress of work 

 

Coding Charts and Supporting Data Extracts (Project Management Related Drivers) 

Adverse Weather-------------- Delay in Progress of Work 

Data Source ID: [CO_PM]                                                                           RIC: PM:-AD-DPW 

Main Statement: There is always an impact on the progress of work whenever the rainy season 

sets in because there is the need to halt site operation to allow for the wet surface to dry off  

Causal structure Cause variable: Adverse weather  

Project 

Management 

Related 

Drivers 

 Effect variable: Delay in progress of work 

 Relationship type: Positive  

Variable behaviour Cause variable Adverse weather  

 Effect Variable Further delay 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management related drivers of cost overrun with indicators such 

as “then”, and the general understanding of a causal expression by the interviewee 

Themes: Adverse weather, Delay in progress of work 

 

“The weather, even though in some regions like the south-west and south-south regions, 

slows the pace of work on site because, once it is raining particularly the kind of heavy 

downpour we experience when in site, there is no possible way we can lay the asphalt 

and in most cases this rain comes in heavily and can last for a day or more. That alone 

is a serious problem. It has significant impact on the project. Anytime it rains, then of 

course, we have to halt work at the site for that period even though, we projected and 

accommodated the likely impact of the rainy season earlier on” [CO_PM- AD- DPW]. 

 

Poor Project Planning------------ Modification of Project Scope 

Data Source ID: [C_HPM]                                                                          RIC: PM:-PPP-MPS 

Main Statement: There is a likelihood to have an unclear scope whenever considering is not 

given to the likely long-term impacts of some key elements on the highway, because over time 

the scope will be revisited and expanded to include what has initially been ignored 

Causal structure Cause variable: Poor project planning  

Project 

Management 

Related 

Drivers 

 Effect variable: Modification of project scope 

 Relationship type: Positive  

Variable behaviour Cause variable Inadequate planning 

 Effect Variable More scope changes 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management related drivers of cost overrun with indicators such 

as “so”, “because” and the general understanding of a causal expression by the interviewee 

Themes: Poor project planning, Modification of project scope 

 

+ 

+ 

+ 

+ 

+ 

+ 
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“The contract was awarded without adequately considering and envisaging the future 

developments along the highway which is certain in Nigeria because once a road is 

constructed, it opens up development along its corridor, but the government ignored this 

issue. We have religious institutions along that axis of the highway, we have quite a 

number of towns that have been developed, and we have industries that have been set up. 

I mean a lot of developments. I would say lack of adequate planning earlier on is one of 

the main reasons we are where we are now because that planning flaw alone has 

necessitated the need to expand the scope to accommodate certain additions that were 

disregarded in the first place” [C_HPM- PPP-MPS]. 

 

Bureaucratic Process--------------Delay in Payment to Contractors 

Data Source ID: [CL_SCE]                                                                            RIC: PM:-BP-DPC 

Main Statement: The bureaucratic bottlenecks and process of the approval for payment of 

contractors certified work result in significant delay in contractors accessing payments. 

Causal structure Cause variable: Bureaucratic process  

Project 

Management 

Related 

Drivers 

 Effect variable: Delay in payment to contractors 

 Relationship type: Positive  

Variable behaviour Cause variable More time taken for approval 

 Effect Variable Increased delay in payments 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management related drivers of cost overrun based on the general 

understanding of a causal expression by an interviewee 

Themes: Bureaucratic process, Delay in payment to contractors 

 

“You know once the contractor gets certificate for the work done, it is sent to the 

appropriate authorities, the ministers, directors in the ministries, consultants, the 

accountant general of the federation, so once it is approved for payment, most times it 

takes a while before the contractors received the payment  for the certified work, which 

of course, contractually, it is 28 days, so it is an issue even when the budget has been 

approved and funds available, the chain of the whole process is quite long” [CL_SCE- 

BP-DPC]. 

 

Deficiency in Financial Source ----------Delay in Payment to Contractors 

Data Source ID: [CL_SCE]                                                                       RIC: PM:- DFS -DPC  

Main Statement: There is always a delay in payment to contractors when there is no adequate 

funding provided to the project in question  

Causal structure Cause variable: Deficiency in financial source  

Project 

Management 

Related 

Drivers 

 Effect variable: Delay in payment to contractors 

 Relationship type: Positive  

Variable behaviour Cause variable More/consistent shortfall 

 Effect Variable Increased delay in payment 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management related drivers of cost overrun with indicators such 

as “because”, and the general understanding of a causal expression by the interviewee 

Themes: Deficiency in financial source, Delay in payment to contractors 

 

“The contractors faced challenges with payment, the relevant payment clauses are not 

respected by the client, you know, because the government has issues with providing the 

necessary funding to most projects and this project (Lagos-Ibadan highway project) in 

particular, there are so many projects that need funding and that is why the contractors 

are not being paid consistently” [CL_SCE- DFS-DPC]. 
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Modification of Project Scope----------Project Duration 

Data Source ID: [CL_FCW]                                                                         RIC:PM:-MPS-PDn  

Main Statement: There is always a need to extend the project implementation period whenever 

the client expands or changes and increases the scope of the project 

Causal structure Cause variable: Modification of project scope  

Project 

Management 

Related 

Drivers 

 Effect variable: Project duration 

 Relationship type: Positive  

Variable behaviour Cause variable More scope changes 

 Effect Variable Extension/increase in 

time/duration 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management related drivers of cost overrun with indicators such 

as “because”, and the general understanding of a causal expression by the interviewee 

Themes: Modification of project scope, Project duration 

 

“Of course, for you to have additional works that mean you also have to extend the 

contract duration because that additional works will also take some time to realise it” 

[CL_FCW- MPS-PDn]. 

 

Delay in Progress of Work----------Modification of Project Scope 

Data Source ID: [C_HPM]                                                                         RIC:PM:- DPW-MPS 

Main Statement: Anytime a project is delayed for some considerable amount of time, there is 

a possibility that the scope will have to be revised because of some developments and client 

changes that will come up  

Causal structure Cause variable: Delay in progress of work  

Project 

Management 

Related 

Drivers 

 Effect variable: Modification of project scope 

 Relationship type: Positive  

Variable behaviour Cause variable More delay 

 Effect Variable More scope changes 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management related drivers of cost overrun with indicators such 

as “because”, and the general understanding of a causal expression by the interviewee 

Themes: Delay in progress of work, Modification of project scope 

 

“Quite a few structures were thought of and added to the existing scope by the client, 

because, again you know, the project has been on and off for almost a decade and then 

within that period the situation has changed significantly” [C_HPM- DPW-MPS]. 

 

Delay in Progress of Work----------Project Duration 

Data Source ID: [CL_SHE]                                                                          RIC:PM:-DPW-PDn 

Main Statement: There is always a need to extend the project implementation period whenever 

there is a delay in the project of some sort so as to make up for the lost time  

Causal structure Cause variable: Delay in progress of work  

Project 

Management 

Related 

Drivers 

 Effect variable: Project duration 

 Relationship type: Positive  

Variable behaviour Cause variable More delay 

 Effect Variable Extension in contract duration 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management related drivers of cost overrun with indicators such 

as “because”, “so”, and the general understanding of a causal expression by the interviewee 

Themes: Delay in progress of work, Project duration 

 



Chapter 7- Data Analysis                                                                        

178 
 

“Any time the contractors leave site, it comes with a corresponding extension of time 

which is clearly stated in the relevant clauses in the conditions of contract, and it has to 

be complied with” [CL_SHE- DPW -PDn]. 

 

Delay in Payment to Contractors----------Delay in Progress of Work 

Data Source ID: [CO_SQS]                                                                        RIC:PM:-DPC-DPW 

Main Statement: There is always a delay in the progress of work whenever the contractor could 

not access their payment as and when necessary  

Causal structure Cause variable: Delay in payment to contractors  

Project 

Management 

Related 

Drivers 

 Effect variable: Delay in progress of work 

 Relationship type: Positive  

Variable behaviour Cause variable Increased delay in payment 

 Effect Variable More delay 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management related drivers of cost overrun with indicators such 

as “because”, “as a result”, “due to”, “so”, “then”, and the general understanding of a 

causal expression by the interviewee 

Themes: Delay in payment to contractors, Delay in progress of work 

 

“Payment of certified work has always been a very serious matter on all publicly funded 

projects, there is no assurance from the government that we will get paid any time we 

work, so I mean it is very risky for us as a company because we put in our resources and 

effort, but we don’t get paid on time, sometimes for more than a year. Then, we are left 

with no other choice than to suspend the work which we did on several occasions” 

[CO_SQS- DPC- DPW]. 

 

Transforming the Coding Chart into Causal Loop Diagram (Project Management 

Related Drivers) 

 

Note: The causal relationships from the interview data extracts are represented in blue 

Figure 7-2: Causal relationship from the interview data extracts (project 

management related drivers) 
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Table 7-15: Data source reference table (project management related drivers) 

Cause Variable Relationship 

Type 

Effect Variable Data Source 

Identification 

Code 

RIC (Reference 

Identification 

Code) 

Poor project 

planning 

Increase/+ Modification of project 

scope 

[C_HPM] PM:-PPP-MPS 

Delay in payment to 

contractors 

Increase/+ Delay in progress of work [CO_SQS] PM:-DPC-DPW 

Bureaucratic 

process 

Increase/+ Delay in payment to 

contractors 

[CL_SCE] PM:-BP-DPC 

Adverse weather Increase/+ Delay in progress of work [CO_PM]  PM:-AW-DPW 

Delay in progress of 

work 

Increase/+ Project duration  [CL_SHE] PM:-DPW-PDn                                       

Deficiency in 

financial source 

Increase/+ Delay in payment to 

contractors 

[CL_SCE] PM:-DFS-DPC 

Delay in progress of 

work 

Increase/+ Modification of project 

scope 

[C_HPM] PM:-DPW-MPS                                    

Modification of 

project scope 

 

Increase/+ 

 

Project duration 

 

[CL_FCW] PM:-MPS-PDn 

 

7.4.2 Macroeconomic Related Drivers 

Interviewees expressed causal mechanisms and their mental models in a more detailed 

way than could be represented in a simple and plausible model. However, the causal 

attributions identified from the data were transformed into coding charts, the coding 

charts were transformed into causal links, and eventually a CLD presented a visual 

representation of the causal attributions of the statements identified from the mental 

database of the various stakeholders, and thus presented the complex nature of the 

problem by acknowledging the causal relationships and feedback processes of the key 

drivers of cost overrun. Table 7-16 presents the causal links between the various 

macroeconomic related drivers. 

Table 7-16: Causal links (macroeconomic related drivers) 

Causal Links 

 

Prices of materials, labour, and equipment                                     Variation 

 

Inflation                                     Fluctuation in prices of materials, labour, and equipment 

 

Project duration                                      Fluctuation in prices of materials, labour, and equipment 

 

Coding Charts and Supporting Data Extracts (Macroeconomic Related Drivers) 

Inflation-------------Fluctuation in Prices of Materials, Labour, and Equipment 

Data Source ID: [CL_SCE]                                                                      RIC: Mec: -In-FPMLE 

Main Statement: There are always significant changes in the prices of critical resources because 

of economic instability which usually sets in as a result of inflation 

Causal structure Cause variable: Inflation  

  Effect variable: Fluctuation in prices of 

+ 

+ 

+ 
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materials, labour, and 

equipment 

 

Macroeconomic 

Related Drivers  Relationship type: Positive  

Variable behaviour Cause variable More economic uncertainty 

 Effect Variable More uncertainty in prices of 

resources 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the macroeconomic related drivers of cost overrun with indicators such as 

“because”, “due to”, and the general understanding of a causal expression by the interviewee 

Themes: Inflation, Fluctuation in prices of materials, labour, and equipment 

 

“The contractors find themselves in a difficult situation where the prices of materials, 

labour and even spare parts of equipment are not as they were when most of the contracts 

were awarded and it is something beyond their control, things I mean happen so fast in 

the country, due to inflation, prices shoot” [CL_SCE- In-FPMLE].  

 

Fluctuation in Prices of Materials, Labour, and Equipment---------Variation 

Data Source ID: [C_PC]                                                                          RIC: Mec:-FPMLE-Vn 

Main Statement: Whenever there is a change or fluctuation in the price of resources, when it is 

not contractor initiated but client, there is a need to review the contract agreement so as to 

accommodate the changes 

Causal structure Cause variable: Fluctuation in prices of 

materials, labour, and 

equipment 

 

 

Macroeconomic 

Related Drivers  Effect variable: Variation    

 Relationship type: Positive  

Variable 

behaviour 

Cause variable More uncertainty in prices of 

resources 

 Effect Variable More review/variation 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the macroeconomic related drivers of cost overrun with indicators such as 

“because”, and the general understanding of a causal expression by the interviewee 

Themes: Fluctuation in prices of materials, labour, and equipment, Variation 

 

“There is always uncertainty in the materials, labour and equipment prices. You know, 

when the project was awarded as an EPC contract, the exchange rate was lower than 

what it is right now and then inflation sets in, so because of that, the contract was 

reviewed on many occasions” [C_PC- FPMLE-Vn]. 

 

Project duration----------Fluctuation in Price of Materials, Labour, and Equipment 

Data Source ID: [CL_SSpE]                                                        RIC: PM- Mec:-PDn-FPMLE 

Main Statement: There is uncertainty in the prices of critical resources needed for the project 

because of instability in the economic environment whenever there is an extension in the 

duration of a project  

Causal structure Cause variable: Project duration  

 

Project 

Management - 

Macroeconomic 

Related Drivers 

 Effect variable: Fluctuation in prices of 

materials, labour, and 

equipment 

 Relationship type: Positive  

Variable behaviour Cause variable Increased project duration 

 Effect Variable More uncertainty in resources 

prices 
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Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the project management-macroeconomic related drivers of cost overrun 

with indicators such as “because”, and the general understanding of a causal expression by 

the interviewee 

Themes: Project duration, Fluctuation in prices of materials, labour, and equipment 

 

“Because when we have significant time lag which often happen on most of the projects, 

we usually experience a rise in the prices of the materials because of the accompanying 

extension of time of delivering the project” [CL_ SSpE- PDn- FPMLE].  

 

Transforming the Coding Chart into Causal Loop Diagram (Macroeconomic Related 

Drivers) 

Note: The causal relationships from the interview data extracts are represented in blue 

Figure 7-3: Causal relationship from the interview data extracts (macroeconomics 

related drivers) 

Table 7-17: Data source reference table (macroeconomic related drivers) 

Cause Variable Relationship 

Type 

Effect Variable Data Source 

Identification 

Code 

RIC (Reference 

Identification 

Code) 

Fluctuation in prices of 

materials, labour, and 

equipment 

Increase/+ Variation [C_PC] Mec:-FPMLE-Vn                                      

Inflation Increase/+ Fluctuation in prices 

of materials, labour, 

and equipment 

[CL_SCE] Mec: -In-FPMLE 

Project duration Increase/+ Fluctuation in prices 

of materials, labour, 

and equipment 

[CL_SSpE]  PM- Mec:-PDn-

FPMLE 

 

7.4.3 Leadership Related Drivers 

Interviewees expressed causal mechanisms and their mental models in a more detailed 

way than could be represented in a simple and plausible model. However, the causal 

attributions identified from the data were transformed into coding charts, the coding 

charts were transformed into causal links, and eventually a CLD presented a visual 

representation of the causal attributions of the statements identified from the mental 
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database of the various stakeholders, and thus presented the complex nature of the 

problem by acknowledging the causal relationships and feedback processes of the key 

drivers of cost overrun. Table 7-18 presents the causal links between the various 

leadership related drivers. 

Table 7-18: Causal links (leadership related drivers) 

Causal Links 

 

Alternative government funding                                      Deficiency in financial source 

 

Political interference                                       Deficiency in financial source 

 

Political instability                                          Project termination 

 

Political opposition to the project                                      Project termination 

 

Deficiency in financial source                                     Alternative government funding 

 

Political instability                                      Alternative government funding 

 

Political opposition to project                                      Political interference 

 

Coding Charts and Supporting Data Extracts (Leadership Related Drivers) 

Alternative Government Funding---------Deficiency in Financial Source 

Data Source ID: [CO_RTM]                                                                  RIC: L- PM:- AGF-DFS 

Main Statement: There is a need to improve the funding flow to projects and that necessitates 

the government considering a special funding arrangement   

Causal structure Cause variable: Alternative government funding  

Leadership- 

Project 

Management 

Related 

Drivers 

 

 Effect variable: Deficiency in financial source 

 Relationship type: Negative 

Variable behaviour Cause variable Improving funding 

 Effect Variable Reduction in funding shortfall 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the leadership- project management related drivers of cost overrun with 

indicators such as “because”, and the general understanding of a causal expression by the 

interviewee 

Themes: Alternative government funding, Deficiency in financial source 

 

“I think the National Sovereign Investment Authority idea is a good idea because the 

federal government has prioritised key projects due to their economic importance, it 

decided to look for an alternative source of funding which is entirely independent of the 

government ministry’s budget. Of course, the whole essence is to improve the funding 

flow on the project. I think to find this special funding vehicle is a good idea because 

since then funding has improved and the progress is well on course” [CO_RTM- AGF- 

DFS]. 

 

 

 

 

- 

+ 

+ 

+ 

+ 

+ 

+ 
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Political Opposition to Project-----------Political Interference 

Data Source ID: [C_CQS]                                                                               RIC: L:-POP-PInt 

Main Statement: There is always an encounter between the various arms of government when 

it comes to budget approval and which project should be accorded priority due to the diverse 

nature of representation of various elected officers  

Causal structure Cause variable: Political opposition to project  

Leadership 

Related 

Drivers 

 Effect variable: Political interference 

 Relationship type: Positive 

Variable behaviour Cause variable Strong opposition 

 Effect Variable Continued interference 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the leadership related drivers of cost overrun with indicators such as “if”, 

and the general understanding of a causal expression by the interviewee 

Themes: Political opposition to project, Political interference 

 

“You know, there is always this tense relationship between the various arms of 

government because, you have politicians from different political parties representing 

different constituencies, and they are more interested in what project represents their 

interest. Most times, the parliament are against a project because majority are not happy 

with it, they (national assembly) interfere and frustrate the project. It is very typical 

across the country, and this particular project is no exception because, it has been 

affected by series of interference from politicians and that is why little progress has been 

made. I think this is the main problem” [C_CQS- POP-Pint].  

 

Deficiency in Financial Source ----------Alternate Government Funding 

Data Source ID: [CO_PM]                                                                    RIC: PM-L:- DFS -AGF 

Main Statement: There is always a shortfall in funding to projects because of the government’s 

failure to provide the necessary funding to key projects and this necessitates the client 

considering a special funding arrangement in order to improve funding 

Causal structure Cause variable: Deficiency in financial source  

Leadership- 

Project 

Management 

Related 

Drivers 

 Effect variable: Alternative government funding 

 Relationship type: Positive 

Variable behaviour Cause variable Consistent shortfall 

 Effect Variable More funding arrangements 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the leadership- project management related drivers of cost overrun with 

indicators such as “then”, and the general understanding of a causal expression by the 

interviewee 

Themes: Deficiency in financial source, Alternative government funding 

 

“The client came up again with the idea of looking at how to finance the project 

particularly due to issues of funding which are not forthcoming, then they involved a 

special vehicle, i.e. NSIA just to provide the financial aspect of the projects, which in our 

opinion started well because they provided the funding and it is a good idea” [CO_PM- 

DFS-AGF]. 
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Political Instability------------ Alternative Government Funding 

Data Source ID: [CL_SSpE]                                                                                RIC: L:-PI-AGF 

Main Statement: There is a transition in government due to an election or otherwise and a new 

government may have the will to consider the importance of key projects and set up a special 

funding arrangement so that funding will be available for the realisation of key projects 

Causal structure Cause variable: Political instability  

Leadership 

Related 

Drivers 

 Effect variable: Alternative government funding 

 Relationship type: Positive 

Variable behaviour Cause variable Leadership transition 

 Effect Variable More funding arrangement 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the leadership related drivers of cost overrun with indicators such as 

“then”, “so”, and the general understanding of a causal expression by the interviewee 

Themes: Political instability, Alternative government funding 

 

“The new government that came on board, then looked at the importance of highway 

projects across the regions of the country to provide priority funding, and then set up a 

special funding arrangement through the NSIA to ensure consistent and timely flow of 

funds” [CL_SSpE-PI-AGF].  

 

Political Interference------ Deficiency in Financial Source 

Data Source ID: [CL_FCW]                                                                     RIC: L-PM:-Pint- DFS 

Main Statement: There is a political difference between the various arms of government which 

has a serious impact on funding provision to projects because the budget has to go through 

parliament and any project funding allocation has to be approved. The non-approval of the 

allocated funding to projects by the parliament and insertion of non-critical constituency 

projects into the budget has affected funding to key projects 

Causal structure Cause variable: Political interference   

Leadership- 

Project 

Management 

Related 

Drivers 

 Effect variable: Deficiency in financial source 

 Relationship type: Positive 

Variable behaviour Cause variable Continued interference  

 Effect Variable Consistent shortfall 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the leadership- project management related drivers of cost overrun with 

indicators such as “because”, and the general understanding of a causal expression by the 

interviewee 

Themes: Political interference, Deficiency in financial source 

 

“Another big problem that is really affecting the big critical projects is the fact that these 

guys at the national assembly often include their constituency projects into the budget at 

the expense of highly critical economic projects. This has serious impact on the funding 

allocations to these key projects including the Lagos-Ibadan highway project and I assure 

you that unless something is done about that, it will continue to affect the funding” 

[CL_FCW- Pint- DFS]. 
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Political Opposition to Project------------ Project Termination 

Data Source ID: [CL_SE]                                                                                 RIC: L:-POP-PT 

Main Statement: There was a political difference between the private contractor and the 

government because the agreement was entered into by a different political leadership and also 

the state governments were from a different political party, so, because of that, the private 

investor was frustrated, and the project was called off 

Causal structure Cause variable: Political opposition to project  

Leadership 

Related 

Drivers 

 Effect variable: Project termination 

 Relationship type: Positive 

Variable behaviour Cause variable Strong opposition from political 

stakeholders 

 Effect Variable Cancellation  

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the leadership related drivers of cost overrun with indicators such as “so”, 

and the general understanding of a causal expression by the interviewee 

Themes: Political opposition to project, Project termination 

 

“When the new government came on board, because you know in Nigeria, every 

administration has interest and priorities and unfortunately, the earlier contract 

agreement was not welcomed by the new government and they were against the earlier 

agreement because it was entered into by the previous government, and the agreement 

was disbanded” [CL_SE- POP-PT]. 

 

Political Instability-----------Project Termination 

Data Source ID: [CL_CPS]                                                                                    RIC: L:-PI-PT 

Main Statement: There is always that possibility of cancelling a project whenever there is a 

change in government because the contract was made by a different government and then the 

new government comes with a different political policy  

Causal structure Cause variable: Political instability  

Leadership 

Related 

Drivers 

 Effect variable: Project termination 

 Relationship type: Positive 

Variable behaviour Cause variable Leadership transition 

 Effect Variable Cancellation  

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the leadership related drivers of cost overrun with indicators such as 

“because”, “so”, and the general understanding of a causal expression by the interviewee 

Themes: Political instability, Project termination 

 

“The concession was cancelled when the new government came on board because, when 

we looked into the whole process, we found that the concession agreement the previous 

government had with the private entity was poorly structured, flawed and not bankable” 

[CL_CPS- PI-PT]. 

 

 

 

 

 

 

 

 



Chapter 7- Data Analysis                                                                        

186 
 

Transforming the Coding Chart into Causal Loop Diagram (Leadership Related 

Drivers) 

 
Note: The causal relationships from the interview data extracts are represented in blue 

Figure 7-4: Causal relationship from the interview data extracts (leadership 

related drivers) 

 

Table 7-19: Data source reference table (leadership related drivers) 

Cause Relationship 

Type 

Effect Data Source 

Identification 

Code 

RIC (Reference 

Identification 

Code) 

Alternative 

government funding 

Decrease/- Deficiency in 

financial source 

[CO_RTM] L:- AGF- DFS 

Political interference Increase/+ Deficiency in 

financial source 

[CL_FCW] L:-Pint- DFS 

Political instability Increase/+ Project termination [CL_CPS]  L:-PI-PT                                           

Political opposition to 

the project 

Increase/+ Project termination  [CL_SE] L:-POP-PT 

Deficiency in financial 

source 

Increase/+ Alternative 

government funding 

[CO_PM] L:- DFS -AGF 

Political instability Increase/+ Alternative 

government funding 

[CL_SSpE] L:-PI-AGF 

Political opposition to 

project 

Increase/+ Political 

interference 

[C_CQS] L:-POP-Pint 

 

7.4.4 Societal Related Drivers 

Interviewees expressed causal mechanisms and their mental models in a more detailed 

way than could be represented in a simple and plausible model. However, the causal 

attributions identified from the data were transformed into coding charts, the coding 

charts were transformed into causal links, and eventually a CLD presented a visual 

representation of the causal attributions of the statements identified from the mental 

database of the various stakeholders, and thus presented the complex nature of the 

Political interference
Deficiency in

financial source
Alternative

government funding

Delay in progress

of work

Political opposition

to project

-

+

Project cost

Political instability

+

+

+

+

+

Project termination+ +
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problem by acknowledging the causal relationships and feedback processes of the key 

drivers of cost overrun. Table 7-20 presents the causal links between the various societal 

related drivers. 

Table 7-20: Causal links (societal related drivers) 

Causal Links 

 

Public grievances                                      Modification of project scope 

 

Land issues with communities                                     Communities opposition to projects 

 

Social issues                                     Delay in progress of work 

 

Social issues                                     Public grievances 

 

Communities opposition to projects                                     Stakeholder involvement 

 

 Modification of project scope                                     Land issues with communities 

 

Coding Charts and Supporting Data Extracts (Societal Related Drivers) 

Social Issues (Accidents, Traffic Gridlock, and Indiscipline of Motorists) --------- 

Delay in Progress of Work 

Data Source ID: [CL_FCW]                                                                       RIC: S-PM: -SI-DPW 

Main Statement: The social issues that are either caused by motorist indiscipline, accidents, or 

traffic gridlock, caused as a result of the construction work, often lead to disruption of 

construction activities at site.  

Causal structure Cause variable: Social issues Societal-

Project 

Management 

Related 

Drivers 

 Effect variable: Delay in progress of work 

 Relationship type: Positive 

Variable behaviour Cause variable More occurrence of social issues 

 Effect Variable Increased disruption of 

construction activities 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the societal- project management related drivers of cost overrun with 

indicators such as “because”, “then”, “so”, and the general understanding of a causal 

expression by an interviewee 

Themes: Social issues, Delay in progress of work 

 

“You realise that our people where we work a lot, you see indiscipline nature of our 

people which has been delaying the progress of the work, whereby the contractor is on 

the road working all the necessary safety gadgets are in place and then you now see a 

vehicle that is not road worthy breaking down, instead of people exercising a little 

patience to allow it to be moved, people decide to drive against the traffic they now move 

to the other lane and by the time they move to the other lane at the end of the day they 

block the people coming from the opposite direction and then everywhere is shut down. 

Once everywhere is shut down, the progress of work is also affected and if it were to be 

a small vehicle, good, but in most cases if you have problem with trucks you find it very 

difficult” [CL_FCW-SI- DPW]. 

 

 

 

+ 

+ 

+ 

+ 

+ 

+ 
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Public Grievances----------- Modification of Project Scope 

Data Source ID: [CL_CPS]                                                                        RIC: S-PM:-PG-MPS 

Main Statement: Apprehensiveness due to social issues that exert or put pressure on the client 

to consider de-escalating the grievances of the affected or relevant stakeholders through 

revising the project scope 

Causal structure Cause variable: Public grievances  

Societal-

Project 

Management 

Related 

Drivers 

 Effect variable: Modification of project scope 

 Relationship type: Positive 

Variable behaviour Cause variable Escalation of social grievances  

 Effect Variable Sustained pressure on the client to 

revise the scope of the project 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the societal- project management related drivers of cost overrun with 

indicators such as “because”, “then”, and the general understanding of a causal expression 

by an interviewee 

Themes: Public grievances, Modification of project scope 

 

“Because of the traffic impact particularly the religious institutions which all happen to 

be along that axis of the road, I mean, there is always that apprehension from these 

institutions, communities and particularly motorists, because of what they go through 

almost on a daily basis, you know people often cannot afford living in city due to high 

cost of owning and renting a house, so they come to those towns to either build or rent a 

house and that has compounded the problem as well, so, the government now had to 

reconsider the concept of the highway to expand the scope so that the upsurge of people, 

communities and religious centres along that corridor will be accommodated” [CL_ 

CPS- PG-MPS]. 

 

Land Issues with Communities---------------- Communities’ Opposition to Projects 

Data Source ID: [CL_SSpE]                                                                            RIC: S:-LIC-CO 

Main Statement: There is unease amongst the affected communities about the possible 

encroachment to their land/properties or possible extension from the right of way into their 

properties 

Causal structure Cause variable: Land issues with communities  

Societal 

Related 

Drivers 

 Effect variable: Communities opposition to projects 

 Relationship type: Positive 

Variable behaviour Cause variable More discontent 

 Effect Variable Increased agitation  

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the societal related drivers of cost overrun with indicators such as 

“because”, “so”, and also the general understanding of a causal expression by an 

interviewee  

Themes: Land issues with communities, Communities opposition to projects 

 

“We are just starting the areas we are going to put flyover and we are experiencing some 

form of resistance from the affected communities; some people are not happy with that so 

there is that agitation from these people and it is something that is been looked into with 

great concern and some of the communities are resisting the idea of these additional 

structures because their properties and land will be affected and giving some conditions, 

some of them are demanding for this or that” [CL_SSPE- LIC-CO]. 
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Modification of Project Scope-----------Land Issues with Communities 

Data Source ID: [C_PC]                                                                         RIC: S-PM:- MPS-LIC 

Main Statement: There is always that discontent when modifying project scope to 

accommodate additions which will result in issues over land and properties with the affected 

communities  

Causal structure Cause variable: Modification of project scope  

Societal- 

Project 

Management 

Related 

Drivers 

 Effect variable: Land issues with communities 

 Relationship type: Positive 

Variable behaviour Cause variable More pressure on the client to 

revisit the scope of the project 

 Effect Variable More discontent with the change 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the societal- project management related drivers of cost overrun with 

indicators such as “so”, and also the general understanding of a causal expression by an 

interviewee 

Themes: Modification of project scope, Land issues with communities 

 

“The additions will actually go to go beyond the right of way and cover a little bit more 

land so, it is now that, as they are adding that, that some issues are arising as regards 

the addition of these new structures from the affected communities and this is an issue 

unless it is resolved as soon as possible” [C_PC- MPS-LIC]. 

 

Communities’ Opposition to Project------------Stakeholder Involvement 

(Government, Contractors, Communities and Religious Institutions) 

Data Source ID: [CO_SQS]                                                                                RIC: S:- CO-SI 

Main Statement: There is a series of involvement/meetings between the stakeholders to ease 

the opposition from the affected communities about how to go about resolving the land issues 

which are outside the government right of way. 

Causal structure Cause variable: Communities opposition to projects  

Societal 

Related 

Drivers 

 Effect variable: Stakeholder involvement 

 Relationship type: Positive 

Variable behaviour Cause variable Increased agitation and opposition 

 Effect Variable More consultation and involvement 

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the societal related drivers of cost overrun with indicators such as, 

“because” and also the general understanding of a causal expression by an interviewee 

Themes: Communities opposition to projects, Stakeholder involvement 

 

“Meetings have been taking place between the stakeholders to iron out the issue of the 

additional space needed outside the government right of way because people are not 

happy about it” [CO_SQS- CO-SI]. 

  

Social Issues (Accidents, Traffic Gridlock, and Indiscipline of Motorists) ----------- 

Public Grievances 

Data Source ID: [CO_CQS]                                                                                   RIC: S:-SI-PG 

Main Statement: There is serious discontent from affected stakeholders due to social issues that 

are either caused by motorist indiscipline, accidents, or traffic gridlock, caused as a result of 

the construction work and/or religious activities 

Causal structure Cause variable: Social issues  
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 Effect variable: Public grievances  

Societal 

Related 

Drivers 

 Relationship type: Positive 

Variable behaviour Cause variable More occurrence of social issues 

 Effect Variable Escalation of grievances  

Information Source: Comments observed from all the interviewees relevant to the causal 

relationship about the societal related drivers of cost overrun with indicators such as “then”, 

and the general understanding of a causal expression by an interviewee 

Themes: Social issues, Public grievances 

 

“The accidents you see almost daily, you see massive traffic daily and people do not obey 

traffic rules and move against the traffic which often compound the problem and make 

life very difficult for most motorists. Then, they always express their dissatisfaction and 

always blame the contractors on what is basically a result of impatience and indiscipline” 

[CO_SQS- SI-PG]. 

 

Transforming Coding Chart into Causal Loop Diagram (Societal Related Drivers) 

 
Note: The causal relationships from the interview data extracts are represented in blue 

Figure 7-5: Causal relationship from the interview data extracts (societal related 

drivers) 

 

Table 7-21: Data source reference table (societal related drivers) 

Cause Variable Relationship 

Type 

Effect Variable Data Source 

Identification 

Code 

RIC (Reference 

Identification 

Code) 

Public grievance Increase/+ Modification of 

project scope 

[CL_CPS] S:-PG-MPS 

Modification of project 

scope 

Increase/+ Land issues with 

communities 

[C_PC] S:- MPS-LIC 

Social issues (accidents, 

traffic gridlock and 

indiscipline of motorists) 

Increase/+ Delay in progress 

of work 

[CL_FCW] S:-SI-DPW 

Social issues (accidents, 

traffic gridlock and 

indiscipline of motorists) 

Increase/+ Public grievances [CO_SQS] S:-SI-PG 

Public Grievances

Modification of

project scope

Land issues with

communities

Delay in progress

of work

Stakeholder involvement (Govt,
communities, religious

organisations and contractors

Social issues

+

+

+

+

+

Traffick gridlock

Commuters

indiscipline

Accidents

+

+
+
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+

+

-
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Land issues with 

communities 

Increase/+ Communities 

opposition to 

projects 

[CL_SSpE] S:-LIC-CO 

Communities opposition to 

projects             

Increase/+ Stakeholder 

involvement 

[CO_SQS]  S:-CO-SI 

 

Composite Causal Loop Diagram 

The composite CLD shown in Figure 7-6 presents the complex interrelationship between 

the various contributory factors or drivers across the four key categories of cost overrun 

in highway infrastructure projects in Nigeria.  

 
Note: The causal relationships from the interview data extracts representing all 

categories of drivers are represented in red 

Figure 7-6: Composite CLD 

7.4.5 Analysis of Validation Interview 

As highlighted in the previous section, this study further conducted interviews as a basis 

for refining, and acquiring additional details, and hence validating the preliminary 

conceptual model as emphasised by Rwashana et al. (2014). On this basis, the study 

highlighted and emphasised a number of evaluation criteria or attributes for the evaluation 

and validation of the preliminary model, as noted earlier, comprising whether the model 

was realistic, representative, relevant, and comprehensive based on the approach 

advocated by Rwashana et al. (2014).  

The responses received from 9 interviews conducted with key stakeholders, with 

experience ranging from 10 years to over 20 years, were transformed into a 4-point Likert 
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scale and analysed using descriptive and simple statistics, because the sample size was 

not large enough yet sufficient for the need of this study, and did not necessitate the use 

of a more advanced quantitative software package such as SPSS, as recommended by 

Musawa (2016). Based on the analysis, the preliminary conceptual model was further 

revised and updated. The following is a representation of the results from the interviews 

based on the evaluation criteria. 

➢ Model Evaluation 

• Whether the model is reasonable or realistic and has adequately captured the 

key driving factors of poor cost performance in highway infrastructure 

projects in Nigeria: 66% of the participants noted that the model was very 

reasonable, while 34% felt the model was reasonable and actually captured the 

major driving factors of poor cost performance in highway projects in Nigeria. 

 

Figure 7-7: Practicality of the model 

• Representation of the contextual issues of poor cost performance in highway 

infrastructure projects: 56% of the stakeholders noted that the contextual issues 

representation was very good, whilst 44% believed it was good. However, the 

following comment was made by one stakeholder: S-CO_08 pointed out that, 

“There is a need to capture the dynamics of the project such as relationship 

between the amount of work to be carried out and how it can be reduced by the 

rate at which the work is executed and not just the cause-and-effect 

representation”. 
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Figure 7-8: Representativeness of the model 

• Whether the model can be a useful tool to understand and communicate the 

issues concerning the key driving factors of poor cost performance in 

highway infrastructure projects: 78% of the stakeholders agreed that the model 

could be very useful, whilst 22% believed it was a useful tool which could assist 

in better understanding the key challenges, and also clearly and simply 

communicate these challenges. The following comment was made by one 

stakeholder: S-C_04 pointed out that, “it is a very useful tool and very easy to 

communicate to everyone”. 

 

Figure 7-9: Usefulness of the model as a communication tool 

• Whether the model can be a useful tool to be utilised by stakeholders in 

making informed decisions: 66% of the stakeholders opined that the model 

could be a very useful tool, whilst 34% were of the opinion that it was a useful 

tool which could aid the stakeholders concerned regarding where and how to 

improve on project performance. One of the stakeholders (S-CL_02) commented 

that, “the model can give you an idea of what to do when you face a certain 

constraint so as to improve”. 
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Figure 7-10: Usefulness of the model as a decision-making tool 

• Whether the model has suitably indicated all the cause and effect 

relationships between variables: 56% of the stakeholders strongly agreed, whilst 

44% agreed that the cause-and-effect relationships between variables had been 

indicated in the model. 

 

Figure 7-11: Adequacy of causal relationship of variables 

➢ Points of Weakness of the Conceptual Model  

In the evaluation document, space was provided for further clarification in written form 

from the participants, inviting them to identify any weaknesses they observed in the 

conceptual model; individual justifications regarding their responses were obtained and 

documented. The reason for soliciting their opinions was to provide a basis for revising 

and enhancing the conceptual model. Based on the responses, it was observed that quite 

a few weaknesses of the model were highlighted, which presented an opportunity for its 

enhancement. The observations were utilised to revise and update the conceptual model 

with a view of capturing the key weak points observed by the participants, and 

incorporating the points into the revised model, thus enhancing the level at which the 

model could be regarded as robust and acceptable. The following highlights the key areas 

pointed out by the individual stakeholders 

S-CL_01 indicated that, “work progress” as against delay in progress of work reflects 

on the progress of work because it will then capture the progress made towards achieving 
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significant work effort and I think that is what is usually used in a real project scenario. 

He also highlighted that, the variables fluctuation of price of materials, labour and 

equipment and variation should be removed as the impact of these shocks is usually 

captured into the project cost maybe through contingencies. Also, I think in most 

reconstruction works, rain i.e., adverse weather and social issues have more impact on 

the progress of work at the early stages of the project because of the exposed nature of 

highway project. 

S-CL_02 pointed out that, “contractor and worker efficiency” and the “labour 

workforce” employed by the contractor are two significant metrics used to assess whether 

the construction “work is progressing” or not. Furthermore, “motivation of contractor 

and workers” is one of the main determining factors of the “efficiency level of the 

contractor”.  

S-CL_03 highlighted that “delay by the contractors to receive payment” from the client 

which is a norm in Nigeria is considered significant in “demotivating the contractor” 

particularly when it takes a very long time to make a payment towards the contractors 

and it became persistent. He further states that, what the contractors do is that they begin 

to reduce the effort they put towards the project through reducing resource commitment 

“labour workforce” gradually before suspending the work and vacating the site. This 

also affect the “progress of work”. 

S-C_04 indicated that, when the contractors get paid and the work is to be continued 

because, the level of motivation is improved, the workers that were asked to leave i.e., 

“labour workforce” due to the casual nature of their jobs are recalled and if they are not 

available, we recruit some casual workers “labour workforce” to help support with the 

work. Also, he pointed out that both “exchange rate” and “inflation” has significant 

impact on the project cost because they have economic impact on any project. 

Furthermore, the relationship between “inflation” and “government monetary policy” 

should be one way because government monetary policies have not improved the rate of 

inflation in the country. 

S-C_05 shared same view as S-C_04 and thus opined that, what the contractors do when 

not paid is to gradually reduce their work effort “efficiency” and resource commitment 

“labour workforce” and then anytime they get paid, then they try to add more resources 

(workers) “labour workforce” and then make up and put more effort towards improving 
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and enhancing the “work progress” and achieve significant work. That is just the routine 

I must say. 

S-C_06 highlighted that, the amount of work that is achieved by the contractor properly 

i.e., “work properly accomplished” is usually checked and certified by the client team 

before issuing certificate of practical completing “work valuation and certification” 

which form the basis for the payment of certified work based on what was practically 

completed “payment of certified work”. Also, he highlighted that it is the “extension of 

time” that comes with corresponding “additional cost to the project” and not the 

opposite.  

S-CO_07 shared a similar view with S-C_06 and thus asserts that, the client does the 

valuation “work valuation and certification” after every milestone is achieved “work 

properly accomplished” and further assert that, the contractor gets paid for the work that 

was completed contractually “payment of certified work”, but often times, the payment 

is not up to the amount due to the contractor. Also, in that situation, the funds due to the 

contractor will keep piling up on the client “deficiency in financial source”. 

S-CO_08 pointed out that, the work to be carried out “work to be executed” is reduced 

once significant effort has been put into the project through the “rate of work execution”. 

Furthermore, he stated that “modification of project scope” will add to the amount of 

work to be carried out “work to be executed”. Furthermore, he highlighted that, not all 

work to be done will be accomplished without some defects “Quality defects” and once 

work with quality issues are identified “Quality defects”, they are transferred back to the 

work to be executed and fixed by the contractor “work to be executed”. 

S-CO_09 highlighted that in most of the highway projects, the large proportion of labour 

workforce happen to be engaged at the site location and therefore end up having labour 

workforce with limited skills in highway construction “lack of skilled labour workforce” 

which significantly affect the efficiency of the contractor and indeed the labour personnel 

“contractor and worker efficiency”. Furthermore, he stated that, the contractor and 

worker efficiency significantly impact the progress rate of work “Work progress”.  

Therefore, based on the comments highlighted above by the stakeholders, the following 

areas were identified during the analysis of the data from the validation interviews as the 

key areas of weakness that needed to be improved and captured into the model. However, 

the comments were sent to all participants for further observations. The participants all 

agreed with the recommendations. 
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Work progress: The stakeholders have recommended that delay in progress of work 

presented in the conceptual model should be replaced with work progress, which will then 

affect the polarity signs. This has been agreed by most participants. 

Quality defects: The stakeholders have agreed with the recommendation that not all work 

is accomplished to have met the client's quality standards set out in the contract even 

though, not very significant, but still has some work that has quality issues. This level of 

insignificance is because most work has to be certified to have met the quality standard 

before making payment. 

Contractors and worker efficiency, contractor's labour workforce and motivation of 

contractor and workers: The stakeholders have agreed with the recommendation 

presented by one of the stakeholders that “contractor and worker efficiency” and 

“contractors' labour workforce” as two metrics used to assess the progress of work. 

Furthermore, they also agreed that motivation affects and determines efficiency of the 

contractor and his workers. 

Delay in progress payment, motivation, contractor's labour workforce and work 

progress: The participants agreed with other of the stakeholders’ comments and 

recommendation that delay in progress payment result in lack of motivation and the 

results is that the contractor's efficiency is affected, or the contractors reduce their 

resource commitment and vice versa. Also, they agreed that resource (labour workforce) 

reduction and recruitment will significantly affect the progress of work in two ways. 

Work valuation and certification and payment of certified work: The stakeholders 

agreed with some of the participants’ recommendation that the completed work forms the 

basis on which the contractor will receive payment of certified work after valuation and 

issuance of certification. They also agreed with the recommendation that, instead of the 

project cost increasing the duration, it is the extension of time that comes with 

corresponding additional cost. Furthermore, they agreed with another recommendation 

that if the amount due to the contractor as a result of the valuation is not fully paid, then 

it will further add to the funds due to the contractor that will have to be paid by the client. 

Work to be executed and rate of work execution: Most of the stakeholders agreed with 

the recommendation of one of the participants that the work execution rate reduces the 

amount of work to be carried out, and also the amount of work to be carried out is 

increased by modifying the scope of the project through additional work to be carried out. 
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Lack of skilled labour workforce: The stakeholders have agreed with the 

recommendation presented by one of the stakeholders that lack of skilled labour 

workforce is a very important factor that determines the efficiency of the contractor and 

labour workforce, and indeed has an effect on the overall progress of work. 

Finally, most of the stakeholders highlighted that the initial model did not capture the 

dynamics of the process of a highway construction project delivery as it is done in reality, 

and as such should capture these dynamics.  

➢ Points of Strength of the Conceptual Model  

S-CL_02 pointed out that, “the diagram has exposed our simplistic view of the problem 

of cost overrun because it has captured the interrelationship between the key variables 

which often, we attribute to singular impact and not holistic.” 

S-C_04 commented that, “the conceptual model provided a very clear and simple 

diagram in a simplified format such that any person at any level will be able to 

understand.” 

S-C_06 opined that, “the conceptual model captures and has sufficiently represented the 

key interrelationship of the driving factors of poor cost performance in the context.” 

S-CO_07 concluded that, “I think the major strength of this model is the impact of the 

changes in scope to the project. Modifying the scope of a project will always have a time 

and cost implication which has been clearly represented in the diagram.” 

Based on the responses received from the stakeholders, the comments and suggestions of 

each stakeholder were accepted by the stakeholders and formed the basis for addressing 

the weaknesses highlighted by the participants, which was aimed towards revising and 

enhancing the validity and usefulness of the model. The issues raised by the stakeholders 

were to ensure that the dynamics of a construction project as well as contemporary issues 

related to the highway project delivery process were adequately captured in the developed 

conceptual model. See section 7.4.5.1 for model improvement based on the comments 

analysis from the validation interviews. 

Summary  

This chapter has presented a detailed description of the data analysis process. An in-depth 

analysis of data based on a formulated coding framework was presented. Also, an in-

depth discussion from the analysis of interviews are presented. From the initial analysis, 

it was observed that cost overrun is prevalent within the highway sector of the Nigerian 
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construction industry, with top key contributors such as delay in progress of work, 

political instability, adverse weather, social issues, modification of project scope, and 

delay in payment to contractors from project management, leadership, macroeconomic 

and societal related categories which are specific to the Nigerian context. Further analysis 

of the data revealed that there is a synergy between the various drivers of cost overruns 

and that these drivers are complex and systemic, and the findings are consistent with 

empirical literature on both cost overruns and SD. Furthermore, identified causal 

relationships, relevant data extracts, coding charts, data source reference tables, and 

transformation of coding charts to CLDs were presented. The chapter also described the 

analysis of comments obtained from validation interviews as a way of enhancing the 

preliminary conceptual model with relevant key stakeholders. 
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Chapter 8: Model Development and Description 

8.1 Introduction 

Chapter 1 introduced the background of the research, knowledge gaps, and the rationale 

for the study. Chapter 2 reviewed literature on the concept of cost overruns and their 

driving factors in general construction projects (and specifically highway projects) from 

a global perspective and the Nigerian context and concluded that cost overruns are 

systemic and potentially substantial in publicly funded projects, due to multiple triggers. 

Consequently, the review established that the existing methodological approach 

employed (i.e. conventional statistical techniques) is inadequate in evaluating the 

systemic and intricate nature of cost overrun triggers in highway projects. Chapter 3 then 

provided a detailed description of the modelling framework that was utilised in this study. 

It provided the basis and justification for using SD as a suitable technique in the research 

inquiry. Furthermore, the application of SD in construction management research was 

highlighted, and its application to the current study was presented, as well as the key tools 

of the SD technique. The chapter conclude that SD methodology has the ability to 

incorporate the complex and dynamic nature of the triggers of cost overruns in highway 

projects. Chapter 4 provided a detailed account of the philosophical assumptions, chosen 

research strategy, and methodological positions adopted for this study. Chapter 5 

discussed the procedures adopted for the development of the coding framework used for 

data analysis. Chapter 6 discussed the procedures utilised for the data collection process in 

general, and particularly for this research work. Chapter 7 presented the detailed procedure 

for data analysis and the identification of causal relationships from the qualitative data, 

and the evaluation process of the conceptual model. This chapter builds upon preceding 

chapters by presenting the development and description of the conceptual and formal 

models built upon the empirical findings of the qualitative interviews and literature, based 

on the proposed SD framework and the steps in the modelling process highlighted in 

chapter 3. Thus, it presents the approach to the design and development of the model, 

starting with the qualitative model development, which forms the starting point for the 

modelling process.  

Furthermore, based on the CLDs and the high-level integrated causal model, four 

feedback loops (see Figure 8-5) were selected for in-depth discussion and analysis. They 

captured the key structural elements of the conceptual model, which could be important 

in understanding the cost performance of highway projects in Nigeria. Consequently, the 

structures (CLDs) that described a typical contextual construction management system 
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were selected, and numerically structured in terms of a formal SFD (see Figures 8-6, 8-7 

and 8-8). The simulation outputs were presented and described (see Figures 8-9 to 8-18). 

This study utilised Vensim DSS software, which supported the development of the CLD 

and SFD. 

8.2 Model Development (Conceptual) 

As already specified, the model development process employed in this study followed the 

key steps of Sterman's modelling framework (Sterman (2000)), as presented in Table 8-

1, identifying the key interrelationships operating within a particular system. However, it 

also drew from some established frameworks and guidelines on creating causal 

relationships for model conceptualisation, as advocated by: Kim and Andersen (2012), 

Yearworth and White (2013), Turner et al. (2013a), and Eker and Zimmermann (2016). 

The conceptualisation of the SD model was mainly through the development of CLDs, 

which formed the starting point for the entire modelling process. The development of the 

CLD in this research followed the recommendations of Sterman (2000) and Forrester 

(1992) on the importance of utilising mental and textual data in model conceptualisation. 

Therefore, causal relationships were identified through: existing literature (grey and 

empirical) on the cost performance of highway projects in Nigeria, project documents 

(see Tables 8-6, 8-7, 8-8, and 8-9), analysis of interviews using a data compatible 

formulated framework (see Tables 8-2, 8-3, 8-4, and 8-5), researcher’s effort and 

knowledge of the system, and the unflinching guidance of the researcher’s supervisors. 

However, the model was further refined and modified through the engagement of 

stakeholders in a semi-structured interview (see Table 8-10 and section 8.2.1.3).   

Table 8-1: Steps of the modelling process 

1.Problem Articulation (Boundary selection)  • What is the problem? Why is it a problem?  

• Theme selection: what are the key variables 

and concepts one must consider?  

• Time horizon: How far in the future should one 

consider? How far back in the past lie the roots 

of the problem?  

• Dynamic problem definition (reference modes): 

what are the historical behaviours of the key 

concepts and variables? What might their 

behaviours be in the future?  

2.Formulation of Dynamic Hypothesis  • Initial hypothesis generation. What are current 

theories of the problematic behaviour?  

• Endogenous focus: Formulate a dynamic 

hypothesis that explains the dynamic as 

endogenous consequences of the feedback 

structure.  

• Mapping: Develop maps of casual structure 

based on initial hypothesis. Key variables, 

reference modes and other available data, using 

tools such as model boundary diagrams, 
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subsystem diagrams, CLDs, SDFs, policy 

structure diagrams, and other facilitation tools.  

3.Formulation of Simulation model  • Specification of structure and decision rules.  

• Estimation of parameters, behavioural 

relationships, and initial conditions.  

• Testing for consistency with purpose and 

boundary.  

4. Testing the model  • Comparison to reference mode: does the model 

reproduce the problem behaviour adequately for 

your purpose?  

• Robustness under extreme conditions: does the 

model behave realistically when stressed by 

extreme conditions?  

• Sensitivity analysis: How does the model 

behave given uncertainty in parameters, initial 

conditions, model boundary, and aggregation?  

5.Policy Design and Evaluation for improvement  • Scenario specification  

• Policy design: What new decision rules, 

strategies, and structures might be tried in the 

real world? How can they be represented in the 

model?  

• “What if” analysis: what are the effects of the 

policies?  

• Interaction of policies: do the policies interact? 

Are there synergies or compensatory responses?  

Source: Adapted from Sterman (2000) 

8.2.1 Model Boundary 

To show a complete picture of the key system variables, the scope and boundary that 

reflect the dynamic problem need to be identified. A boundary chart is used to 

communicate the model boundary and highlight its causal relationships. In delineating 

the boundaries of a model, all variables that are potentially significant and influence other 

parts of the system, and are in themselves also affected by variables of the system, are 

classified and modelled as endogenous variables; all variables that may perhaps impact 

the system but are not necessarily influenced by the system are considered and modelled 

as exogenous variables; all other variables are excluded, as shown in Figure 8-1 (Sterman, 

2000, Pruyt, 2013). The few variables that are excluded from the model are due to their 

sensitive nature, although these variables could be considered for inclusion in future 

work. The variables are obtained from interviews, literature sources and project 

documents, as well as model validation process with stakeholders (see sections 7.3.1, 

7.3.2, 7.3.3, 7.3.4, and 7.3.5), and are used to formulate the system boundaries. 
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Figure 8-1: Model boundary chart 

In developing the model, the following were considered: 

1. A typical highway project in Nigeria should contractually take about 48 months 

to complete. Therefore, the target project delivery time was taken as 48 months. 

2. The time horizon considered in the model was 240 months, based on the nature of 

highway construction in Nigeria, with delays of over 120 months (i.e. 10 years) 

very common. 

3. The variable political instability represented by a transition in government, either 

through election or death, was considered a constant based on the opinions of key 

stakeholders involved in the provision of highway projects. 

4. The study assumed that all highway projects, irrespective of the region, were 

publicly funded and that the public agency was the sole client. This was a 

reasonable assumption because all highway projects are procured and financed by 

the government. 

5. The study assumed that a typical highway in Nigeria had an average length of 100 

kilometres (including all adjoining structures), based on discussions with key 

stakeholders involved in highway project provision in Nigeria. 

6. The study assumed that one (1) project task was equivalent to 0.1 kilometres of 

road, in line with Nguyen and Ogunlana (2005). 

7. The study assumed that all tasks were uniform in size. 

8. The study did not consider corruption as a contributory factor because of its 

sensitive nature. 
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8.2.1 Causal Relationships from Data Sources 

The causal relations between the various driving factors were identified from a variety of 

sources, i.e. analysis of qualitative interviews, literature sources and project documents, 

as well as model validation process (interviews with stakeholders). 

➢ Developing Causal Relations and/or Structures from the Mental Database i.e. 

Interviews 

Causal relations were identified from the mental database of stakeholders involved in 

development of highway projects in Nigeria. The causal relationships which emerged 

from the analysis of the qualitative interviews was presented in section 7.3 and 7.4 in 

chapter 7, using a data compatible coding framework. 

• Project Management Related Drivers 

Based on analysis of interview data, the variables and causal relationships related to this 

category were extracted (see section 7.4.1); they were buttressed by causal relationships 

extracted from empirical and grey literature and project documents, and formed the basis 

for the development of the CLD. 

Table 8-2: Project management related drivers (stakeholder interviews) 

Causal Relationships Data Source 

Identification Code 

RIC (Reference 

Identification Code) 

 

Poor project planning                Modification of 

project scope 

 

[C_HPM] 

 

PM:-PPP-MPS 

 

Modification of project  scope                 Project 

duration  

 

[CL_FCW] 

 

PM:-MPS-PDn 

 

Delay in payment to contractors                Delay in 

progress of work 

 

[CO_SQS] 

 

PM:-DPC-DPW 

 

Bureaucratic process                Delay in payment to 

contractors  

 

[CL_SCE] 

 

PM:-BP-DPC 

 

Adverse weather                  Delay in progress of 

work  

 

[CO_PM] 

 

PM:-AW-DPW 

 

Delay in progress of work                 Project duration 

 

[CL_SHE] 

 

PM:-DPW-PDn 

 

Deficiency in financial source                Delay in 

payment to contractors 

 

[CL_SCE] 

 

PM:-DFS-DPW 

 

Delay in progress of work                 Modification of 

project scope     

 

[C_HPM] 

 

PM:-DPW-MPS 

Table 8-2 represents the key variables and their respective causal relationships, as 

extracted from the analysis of the interview data (see section 7.4.1). The stakeholder code 

represents the stakeholder’s organisation and the respective stakeholder, e.g. CL_ SCE 

represents a senior civil engineer from the client organisation. Likewise, PM: -BP-DPC 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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represents the causal relationship between bureaucratic process and delay in payment to 

contractors, from the project management related driver category. These relationships 

provide the basis on which the CLDs were developed, (see Figure 8-2). 

• Macroeconomics Related Drivers 

Based on analysis of interview data, the variables and causal relationships related to this 

category of drivers were extracted (see section 7.4.2); they were buttressed by causal 

relationships extracted from empirical and grey literature and project documents, and 

formed the basis for the development of the CLD. 

Table 8-3: Macroeconomics related drivers (stakeholder interviews) 

Table 8-3 represents the key variables and their respective causal relationships, as 

extracted from the analysis of the interview data (see section 7.4.2). These relationships 

provided the basis on which the CLDs were developed (see Figure 8-3). 

• Leadership Related Drivers 

Based on analysis of interview data, the variables and causal relationships related to this 

category of drivers were extracted (see section 7.4.3); they were buttressed by causal 

relationships extracted from empirical and grey literature and project documents, and 

formed the basis for the development of the CLD. 

Table 8-4: Leadership related drivers (stakeholder interviews) 

Causal Relationships Data Source 

Identification Code 

RIC (Reference 

Identification Code) 

 

Alternative government funding 

Deficiency in financial source 

 

[CO_RTM] 

 

L:- AGF- DFS 

 

Political interference                  Deficiency in 

financial source 

 

[CL_FCW] 

 

L:-Pint- DFS 

 

Political instability                Project termination 

 

[CL_CPS] 

 

L:-PI-PT 

 

Political opposition to the project                  Project 

termination 

 

[CL_SE] 

 

L:-POP-PT 

 

Deficiency in financial source                Alternative 

government funding 

 

[CO_PM] 

 

L:-DFS-AGF 

   

Causal Relationships Data Source 

Identification Code 

RIC (Reference 

Identification Code) 

Fluctuation in prices of materials, labour, and  

 

equipment                Variation                                           

[C_PC] Mec:-FPMLE-Vn 

 

Inflation                  Fluctuation in prices of materials, 

labour, and equipment 

 

[CL_SCE] 

 

Mec: -In-FPMLE 

 

Project duration                Fluctuation in prices of 

materials, labour, and equipment 

 

[CL_SSpE] 

 

PM-Mec:-PDn-FPMLE 

+ 

- 

+                     

+ 

+ 

+ 

+ 

+ 

+ 
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Political instability                Alternative 

government funding 

[CL_SSpE] L:-PI-AGF 

 

Political opposition to project                Political 

Interference 

 

[C_CQS] 

 

L:-POP-Pint 

Table 8-4 represents the key variables and their respective causal relationships, as 

extracted from the analysis of the interview data (see section 7.4.3). These relationships 

provided the basis on which the CLDs were developed (see Figure 8-4). 

• Societal Related Drivers  

Based on analysis of interview data, the variables and causal relationships related to this 

category of drivers were extracted (see section 7.4.4); they were buttressed by causal 

relationships extracted from empirical and grey literature and project documents, and 

formed the basis for the development of the CLD. 

Table 8-5: Societal related drivers (stakeholder interviews) 

Causal Relationships Data Source 

Identification Code 

RIC (Reference 

Identification Code) 

 

Public grievance                  Modification of 

project scope 

 

[CL_CPS] 

 

S:-PG-MPS 

 

Modification of project scope               Land 

issues with communities 

 

[C_PC] 

 

S:- MPS-LIC 

Social issues (accidents, traffic gridlock, and 

indiscipline of motorists)                Delay in 

progress of work 

 

[CL_FCW] 

 

S:-SI-DPW 

Social issues (accidents, traffic gridlock, and 

indiscipline of motorists)                  Public 

grievances 

 

[CO_SQS] 

 

S:-SI-PG 

 

Land issues with communities                

Communities’ opposition to project                                     

 

[CL_SSpE] 

 

S:-LIC-CO 

 

Communities’ opposition to project              

Stakeholder involvement                         

 

[CO_SQS] 

 

S:-CO-SI 

Table 8-5 represents the key variables and their respective causal relationships, as 

extracted from the analysis of the interview data (see section 7.4.4). These relationships 

provided the basis on which the CLDs were developed (see Figure 8-5). 

➢ Developing Causal Relations and/or Structures from the Textual Database 

(Literature and Project Documents) 

In addition to the causal relations identified from the analysis of interview data, causal 

relationship were obtained from empirical literature on cost overrun in highway projects 

in Nigeria, and grey literature reporting on financial challenges related to highway 

projects. Documents obtained from the client organisation on highway projects across 

Nigeria were also used to complement the relationships obtained from the mental 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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database. This is in line with the recommendations of Sterman (2000) and Forrester 

(1992) on the need to utilise textual data sources in model conceptualisation. The 

relationships were identified by reviewing the text, sentence by sentence, and 

documenting the relationships existing between variables, thus forming a list of variables 

and their existing relationships with regard to the various categories of driving factors, 

i.e. project management related, societal related, leadership related, and macroeconomics 

related, as recommended by Musawa (2016) (See Tables 8-6, 8-7, 8-8 and 8-9). However, 

the selection of variables was conducted with due diligence to ensure that only the 

relevant variables and their relationships were selected to establish an existing 

relationship. 

• Project Management Related Drivers 

The variables and causal relationships related to this category of drivers, as identified 

from empirical and grey literature, and project documents, affirmed and complemented 

the existing relationships extracted from the analysis of interview data, and formed the 

basis for the development of the CLD presented in Figure 8-2. 

Table 8-6: Project management related drivers (grey and empirical literature, and 

project documents) 

Causal Relationships Literature Reference 

(Empirical and grey) 

Project documents supporting 

statements 

 

Delay in progress of work           

Modification of project scope             

 

(Erezi, 2018, Ihua-

Maduenyi, 2018) 

 

- 

 

Modification of project scope       

Project cost 

 

(Erezi, 2018, Adetayo, 

2017, Taiwo-Obalonye, 

2018)  

The government gave approval 

for augmentation of additional 

works and increased the project 

sum by 53% 

 

Modification of project scope       

Project duration 

 

- 

The government gave approval 

for augmentation of additional 

works and included an extension 

of time by 48 months 

 

Adverse weather                     Delay in 

progress of work 

(Erezi, 2018, 

Akingbala, 2015, Alex, 

2015) 

 

- 

 

Delay in progress of work             

Payment of outstanding liabilities 

 

(Akoh, 2018)  

 

The project was suspended 

because the contractors were not 

paid and the pre-conditions for 

recommencement of work were 

based on payment of outstanding 

liabilities 

 

Delay in progress of work              

Project duration 

 

 

(Mansfield et al., 1994, 

Omoregie and Radford, 

2006, Akoh, 2018) 

 

- 

 

Project duration                Fluctuation 

in prices of materials, labour, and 

equipment 

 

(Mansfield et al., 1994, 

Omoregie and Radford, 

2006, Akoh, 2018) 

 

- 

   

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Project cost          Deficiency in 

financial source 

(Kigbu, 2015) - 

 

Poor project planning                

Modification of project scope 

 

(Kigbu, 2015, Leo-

Olagbaye and 

Odeyinka, 2018) 

 

- 

 

Deficiency in financial source         

Delay in payment to contractors 

(Nnodim, 2017, Kigbu, 

2015, Akoh, 2018)  

 

- 

Delay in payments to contractors 

 

 Delay in work progress 

(Kigbu, 2015, Nnodim, 

2017, Akoh, 2018) 

The work was suspended because 

the contractors were not paid 

 

Payment of outstanding liabilities  

 

            Deficiency in financial source   

 

- 

After the receipt of payment, the 

contractor lifted the suspension 

because funds were made 

available to them and they 

returned to site 

 

Table 8-6 represents the key variables and their respective causal relationships, as 

extracted from empirical and grey literature, and project documents. 

• Macroeconomics Related Drivers 

The variables and causal relationships related to this category of drivers, as identified 

from empirical literature, affirmed and complemented the existing relationships extracted 

from the analysis of interview data, and formed the basis for the development of the CLD 

presented in Figure 8-3. 

Table 8-7: Macroeconomics related drivers (grey and empirical literature, and 

project documents) 

Causal Relationships Literature Reference 

(Empirical and grey) 

Project documents 

supporting statements 

Fluctuation in prices of materials,  

 

labour, and equipment                

Variation 

(Kigbu, 2015, Akoh, 2018) - 

 

Inflation                 Fluctuation in prices 

of materials, labour, and equipment 

(Mansfield et al., 1994, 

Omoregie and Radford, 2006, 

Akoh, 2018) 

- 

 

Project duration                Fluctuation in 

prices of materials, labour, and 

equipment 

 

(Mansfield et al., 1994, 

Omoregie and Radford, 2006) 

 

- 

Table 8-7 represents the key variables and their respective causal relationships, as 

extracted from empirical and grey literature, and project documents.  

• Leadership Related Drivers 

The variables and causal relationships related to this category of drivers, as identified 

from empirical and grey literature, affirmed and/or complemented the existing 

relationships extracted from the analysis of interview data and formed, the basis for the 

development of the CLD presented in Figure 8-4.  

+ 

+ 

- 

+ 

+ 

+ 

+ 
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Table 8-8: Leadership related drivers (grey and empirical literature, and project 

documents) 

Causal Relationships Literature Reference 

(Empirical and grey) 

Project documents 

supporting statements 

 

Political interference                 Deficiency 

in financial source 

(Punch, 2017, Kigbu, 

2015, Akoh, 2018, 

Ayodele and Alabi, 

2011, Ihuah and 

Miebaka, 2014) 

 

 

- 

 

 

 

Political opposition to project             

Project termination 

(Makinde, 2018, 

Olowoopejo and Akoni, 

2018, Olufemi, 2013)  

 

- 

 

Alternative government funding  

Deficiency in financial source 

(Adebayo, 2017, Punch, 

2017, Kigbu, 2015, 

Akoh, 2018)  

 

- 

 

Political instability                  Delay in 

progress of work 

(Akoh, 2018, Ayodele 

and Alabi, 2011, Ihuah 

and Miebaka, 2014, 

Ubani and Ononuju, 

2013, Omoniyi, 1996, 

El-Rufai, 2012) 

 

 

- 

 

Political instability                 Alternative 

government funding 

 

(Adebayo, 2017, Akoh, 

2018)  

 

- 

 

Project termination                  Project cost 

 

(Makinde, 2018, 

Olowoopejo and Akoni, 

2018)  

 

- 

 

Political instability                  Project 

termination 

(Makinde, 2018, Agande, 

2012, Olowoopejo and 

Akoni, 2018, Olufemi, 

2013)  

 

- 

Table 8-8 represents the key variables and their respective causal relationships, as 

extracted from empirical and grey literature, and project documents.  

• Societal Related Drivers 

The variables and causal relationships related to this category of drivers, as identified 

from project documents, supported the existing relationships extracted from the analysis 

of interview data, and formed the basis for the development of the CLD presented in 

Figure 8-5. 

Table 8-9: Societal related drivers (grey and empirical literature, and project 

documents) 

Causal Relationships Literature Reference 

(Empirical and grey) 

Project documents 

supporting statements 

 

Social issues (Traffic gridlock)            

 Delay in progress of work 

 

- 

The site was closed during the 

festive periods of Christmas to 

New Year and Easter season 

as instructed by the client 

Table 8-9 represents the key variables and their respective causal relationships, as 

extracted from empirical and grey literature, and project documents.  

+ 

+ 

- 

+ 

+ 

+ 

+ 
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➢ Developing Causal Relations and/or Structures from the Mental Database 

(Stakeholder Evaluation) 

In addition to the causal relations established from interviews, literature sources, and 

project documents, which established the basis for the development of the CLD based on 

the technique of causal loop diagramming (Sterman, 2000, Sherwood, 2002), interviews 

and discussions with stakeholders (in the form of stakeholder evaluation (see Appendix 

D)) were utilised after the development of the conceptual model, to refine, enhance, and 

validate the existence of the relationships, as emphasised by Rwashana et al. (2014). 

Hence, some variables and their relationships were affirmed, others were rephrased, and 

new ones suggested (see section 7.4.5). Therefore, based on these suggestions, the CLD 

was revised and amended to incorporate the comments observed from the evaluation 

exercise. 

Table 8-10: Causal relationships based on stakeholders’ evaluation interviews 

Causal Relationships Data Source 

 

Modification of project scope                  Work to be executed 

 

S-CO_08 

 

Work execution rate                   Work to be executed 

 

S-CO_08 

 

Work valuation and certification                    Payment of certified work by client 

 

S-CO_07, S-C_06 

 

Payment of certified work by client                  Project funds to contractor 

 

S-CO_07, S-C_06 

 

Project funds to contractor                     Deficiency in financial source 

 

S-CO_07, S-C_06 

 

Delay in progress payment                    Motivation of contractor and workers 

S-CL_03, S-C_04, S-

C_05 

 

Motivation of contractor and workers                           Contractor and worker 

efficiency 

 

S-CL_02, S-CL_03, 

S-C_04, S-C_05 

 

Work properly accomplished                     Work valuation and certification 

 

S-CO_07, S-C_06 

 

*Motivation of contractor and workers                     Labour workforce 

S-CL_03, S-C_04, S-

C_05 

 

Labour workforce                    Work progress 

 

S-CL_02 

 

*Contractor and worker efficiency                   Work progress 

 

S-CL_02 

 

Project completion time                    Project execution cost to be paid 

 

S-C_06 

+ 

-

+ 

+ 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 
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Lack of skilled labour workforce                    Contractor and workers efficiency 

 

S-CO_09 

 

Work to be executed                            Quality defects 

 

 

S-CO_08 

 

Exchange rate                Project execution cost to be paid 

 

S-C_04 

 

Inflation                  Project execution cost to be paid 

 

S-C_04 

Note: * suggests that decrease in the cause variable will result in decrease in the effect 

variable 

Table 8-10 represents the key variables and their respective causal relationships that 

emerged from the interviews with the stakeholders during the validation process (see 

section 7.4.5). These causal relationships provided the basis on which the developed CLD 

was revised and amended to capture the valuable comments of the stakeholders. The 

revised conceptual model is presented in Figure 8-6. 

8.2.2 Developing and Merging Individual CLDs 

After the interviews were conducted, and analysed based on the formulated coding 

framework, the causal relationships were identified and thus formed the basis for the 

creation of individual CLDs of each category of driving factors, i.e. project management, 

leadership, macroeconomic, and societal related drivers, complemented by the 

relationships identified from literature sources and project documents. Hence, a 

composite CLD was created by integrating all the individual CLDs to capture the holistic 

and dynamic representation of the system. However, the preliminary CLDs and the 

integrated model were presented back to stakeholders during the second phase of the 

interviews, for further evaluation, refinement, and validation. The process was based on 

structured guidelines which the stakeholders adopted for assessing the usefulness, 

comprehensiveness, and significance of the model, along with identifying significant 

factors and their dynamics. This was done to strike a balance between comprehensiveness 

and simplicity of the model, so as to avoid the creation of an unnecessarily complex model 

which was not a representation of the context (See Appendix D). For instance, it was 

agreed by all the stakeholders to replace the variable name “delay in work progress” with 

“work progress”, which affected the polarities of the affected and effected variables to 

represent a project context (see section 7.4.5).  

However, due to the evaluation of the preliminary conceptual model by stakeholders, not 

all variables contained in the preliminary model were incorporated into the refined CLDs, 

- 

+ 

+ 

+ 

+ 
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and some new variables were incorporated based on consensus amongst the stakeholders. 

Finally, the revised CLDs and integrated CLD were produced, after the refinement 

process based on the guidelines, i.e. clarity, realism, and ability to generate useful 

insights. Details of the evaluation process, as well as the comments obtained from the 

evaluation process, are presented in section 7.4.5. 

o Project Management Related Sub-Model 

The CLD representing the project management related drivers is shown in Figure 8-2. 

The drivers and causal relations were identified from stakeholder engagement and inputs 

from literature and project document sources. Overall, 29 variables were identified to 

represent this sub model. The CLD construction was centered around issues of 

modification of project scope, project completion time, project cost, and deficiency in 

financial source, although with some variables from other categories of drivers affecting 

the sub model, which clearly demonstrated the complex nature of the drivers and indeed 

the system. Thus, issues of political instability, social issues, inflation, project cost, and 

work progress were paramount in the interaction between the project management related, 

leadership related, societal related, and macroeconomic related sub models. 

 

Figure 8-2: CLD of project management related sub-model 

o Macroeconomic Related Sub Model 

The CLD representing the societal related drivers is shown in Figure 8-3. The drivers and 

causal relations were identified from stakeholder engagement and inputs from literature 
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and project document sources. Overall, 5 variables were identified to represent this sub 

model. The CLD construction was centered around issues of exchange rate, inflation, and 

government monetary policy, although with some variables from other categories of 

drivers affecting the sub model, which clearly demonstrated the complex nature of the 

drivers and indeed the system. However, between macroeconomic related, and leadership 

related sub models, the issues of political instability and government monetary policy 

appeared to be paramount. 

 

Figure 8-3: CLD of macroeconomic related sub-model 

o Leadership Related Sub-Model 

The CLD representing the leadership related drivers is depicted in Figure 8-4. The drivers 

and causal relations were identified from stakeholder engagement and inputs from 

literature and project document sources. Overall, 6 variables were identified to represent 

this sub model. The CLD construction appeared to be underpinned by two fundamental 

drivers around issues of political instability and alternative government funding, although 

other variables from other categories of drivers were interrelated with variables from this 

sub model which clearly demonstrated the complex nature of the drivers and indeed the 

system. Hence, between the leadership and project management related sub models, 

issues of political instability and work progress appeared to be paramount. 
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Figure 8-4: CLD of leadership related sub-model 

o Societal Related Sub-Model 

The CLD representing the societal related drivers is shown in Figure 8-5. The drivers and 

causal relations were identified from stakeholder engagement and inputs from literature 

and project document sources. Overall, 10 variables were identified to represent this sub 

model. The CLD construction was built around issues of public grievances, social issues, 

and land issues with communities, although with some variables from other categories of 

drivers affecting the sub model, which clearly demonstrated the complex nature of the 

drivers and indeed the system. However, between societal related and project 

management sub models, the issues of work progress and social issues appeared to be 

paramount. 

 

Figure 8-5: CLD of societal related sub-model 
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8.2.3 Integrated Conceptual Model 

The integrated conceptual system model, that integrates the project management, 

leadership, societal, and macroeconomic related sub models of the system, is shown in 

Figure 8-6. In total, 41 variables representing all the categories of drivers were involved 

in the model development through the combination of interviews, literature sources, and 

the evaluation process with stakeholders involved in highway infrastructure development, 

which were connected to each other by 55 arrows. These interrelationships and 

interconnections produced seven (7) feedback loops, including three (3) reinforcing or 

positive loops and four (4) balancing or negative feedback loops, signifying the complex 

feedback structure that determined the dynamic behavior of the system. Hence, based on 

the complex nature of the system, only five (5) feedback loops, as highlighted in the 

integrated model (see Figure 8-6), were selected for further detailed discussion and 

analysis, because they captured the vital structural elements of the integrated conceptual 

model and had significant implications for understanding the contextual dynamics of the 

system in line with the recommendation of Kotir et al. (2016). 

 

Figure 8-6: Integrated conceptual model 

Loop R1 illustrates the interaction between work progress, political instability, social 

issues, work to be executed, work valuation and certification, payment of certified work 

by client, project funds to contractor, deficiency in financial source, delay in progress 

payments, motivation of contractor and workers, and contractor and workers’ efficiency. 

The loop tries to explain how the performance of a project is strongly impacted by the 
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attitude of the client towards fulfilling the contractual agreement on progress payment, 

which often significantly impacts on the progress of work. In a typical engineering, 

procurement, and construction (EPC) contract, a contract is agreed between the client and 

contractor(s) to perform the design, procure all of the necessary materials and equipment, 

and construct a specific scope of work. However, in construction practice, particularly in 

developing countries where projects are initiated and financed by the public sector client, 

it is almost impossible to adhere to the agreed scope, partly because projects are initiated 

without significant information about the deliverables, and thus the market is largely 

client oriented. It is hypothesised in project management that, when changes (additions) 

are introduced into an existing project’s scope, they add to the amount of work to be 

executed, cause disruption, and slow down the progress of work. From the perspective of 

the stakeholders, the delay in payment of work progress (particularly when the process of 

obtaining approval requests and payment for certified works takes longer than the 

contractually agreed period) has significant adverse consequences on contractors, such as 

lack of motivation. In this case, the contractor's motivation to continue working at the site 

is significantly impacted, as the confidence they have in the client is degraded. They 

continue to work (to a point), but commit fewer financial resources, which thus affects 

their efficiency, particularly in circumstances where the labour workforce has limited 

experience in the highway construction, the inability of the client to make work progress 

payment results in suspension of the work, thereby affecting the progress of work and the 

completion rate of a project. 

It is evident from the stakeholders’ viewpoint that political instability (i.e. transitions in 

government), social issues due to attitudinal influences, and adverse weather, all influence 

the progress of work in the construction of highway projects. Nigeria is known for its 

political instability, which is multifactorial, and often adversely affects highway projects. 

Frequent transitions in government (through elections or otherwise) result in project 

priorities being repeatedly reviewed, with the risk that they may be cancelled altogether. 

Although, in most construction practice, the impact of unfavourable weather conditions 

(such as rain) is usually estimated and incorporated into the project programme, severe 

conditions (beyond those anticipated) can impact significantly and slow the pace of work. 

Work progress is also impacted by issues resulting from the interactions between people: 

through their attitudes and the impact of construction work on them. This is often the case 

during the construction phase of highway projects, particularly with reconstruction 

projects. As a result, social issues arise when people are affected by the construction work. 
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For instance, due to the capital intensity and significance of highway construction or 

reconstruction projects, they often require the diversion of traffic, which has a significant 

impact on existing road users and restricts access to some parts of the road sections.  

Thus, in most instances, highway construction or reconstruction projects (particularly in 

developing countries) cause substantial disruption to usual vehicular movements and 

operations during the construction phase, creating unease and delays for motorists, and 

compelling them to consider using alternative routes (such as driving on opposing lanes), 

which in most cases compounds the traffic issues. Accidents sometimes occur due to 

diversions, predominantly when there is inadequate signage alerting motorists to the 

dangers of the diversions. Completion of a sizeable amount of work by the contractor is 

a strong indication of a reasonable performance, and that the contractor has already 

committed significant resources to the project. However, when the rate at which work is 

accomplished is decreased, the work done or completed will decrease. Visible milestones 

(i.e. completion of an amount of work as agreed) are employed to measure the 

performance of work achieved, i.e. based on the amount of work that is certified to have 

been completed by the contractor. Hence, when the amount of completed work decreases, 

the work to be certified by the client (which is based on the attained milestone), will be 

impacted and decrease. Based on the form of contract used and the pre-agreed payment 

schedule, the measured accomplished work forms the basis on which the contractor 

receives payment of work certified to be executed. When the payment based on the 

certified completed work is decreased, the income that the contractor will receive will be 

decreased. However, by the completion of a significant portion of work, if the gap 

between the funds or income paid to the contractor by the client as certified and the project 

execution cost to be paid is substantial, then the funding issues of the client are further 

compounded, because it means that the cumulative backlog of funds due to the contractor 

will be significant. One of the most common reactions to funding issues experienced by 

clients (particularly public sector clients) in developing countries is that the payment of 

work due to contractors is further delayed because they often face significant burden, 

particularly when the client is committed to delivering other important infrastructure 

projects, thereby closing the loop. 

Loop R2 illustrates similar interactions to loop R1, i.e. between work progress, political 

instability, social issues, adverse weather, work to be executed, work valuation and 

certification, payment of certified work by client, project funds to contractor, deficiency 

in financial source, delay in progress payments, motivation of contractor and workers, 
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and labour workforce. As clearly highlighted in the description of R2, the delay in 

payment of work progress has significant adverse consequences on the contractor, such 

as lack of motivation. As the motivation level decreases, the contractor reduces the human 

resources committed to delivering the project, specifically fewer essential casual workers 

(who are not permanently engaged by the contractor but engaged for a particular project). 

Thus, by reducing the resources commitment (i.e. quantity of labour), the labour 

workforce is decreased, and consequently the progress of work is significantly impeded. 

However, political instability (e.g. changes or transitions in government), social issues 

due to attitudinal influences, and adverse weather, also negatively influence the progress 

of work in highway construction projects. When this happens, the work will be executed 

at a slower pace and the amount of work completed will decrease, which causes the 

project income paid to the contractor (based on certification) to be affected, and ultimately 

reduces the amount of funds that the contractor will receive. Hence, if the gap between 

the funds paid to the contractor by the client as certified and the project execution cost is 

substantial, then the funding issues from the client perspective are further compounded, 

because the cumulative backlog of funds due to the contractor will be significant, and this 

will further reinforce the delay in payment of the work executed. 

Loop R3 illustrates the interactions between the work to be executed and quality defects. 

As clearly highlighted in the description of the loop, once the contractor embarks on the 

project, it is always possible that some of the work will not meet the quality standards set 

by the client. In the majority of highway projects in Nigeria, the work accomplished has 

to be certified as meeting the client's quality requirements; payment is usually made based 

on meeting these requirements, and some work will have quality issues. Once the portion 

of work with quality defects has been identified, it increases the amount of work to be 

executed, thereby resulting in a reinforcing feedback loop. However, according to 

discussions with project stakeholders, the proportion of work with quality defects is small 

when compared to the amount of work properly accomplished. 

Loop B4 illustrates the interdependencies between work progress, political instability, 

social issues, adverse weather, work to be executed, work properly accomplished, work 

effort remaining to be executed, required work rate, work execution rate, required labour 

workforce, and labour workforce. The loop tries to counteract R2, which illustrates that 

the progress of work will eventually improve when the resources committed are at 

required capacity. As clearly highlighted in the description of loop B4, at any point during 

a construction project, the work effort remaining (after properly completing some 
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portions of work) will in general be the remaining work needed to complete the project. 

Hence, decrease in the progress of work will lead to a decrease in the rate at which the 

work is executed, which consequently means that the amount of work to be accomplished 

will be significantly impacted. At any point in time, when the amount of work completed 

is decreased, the work effort remaining to be executed will in turn increase: that is to say, 

the amount of work that will need to be undertaken to complete the remaining portion of 

work will increase. This is because, when the labour quantity is reduced, the project will 

progress tardily, and as a result the remaining project work to be executed increases. The 

required rate of work to accomplish the remaining work effort is determined by the 

amount of work effort and the time remaining to complete the project. Thus, increasing 

the required rate of work execution will mean that the labour workforce required to 

achieve the remaining project work target increases, which is based on the remaining time 

to complete the project. In this instance, the contractors may wish to recall the temporarily 

disengaged workers (if still available) or recruit more workers to fill the void that was 

created, so as to meet the construction work demand. Thus, based on the viewpoint of the 

stakeholders, no financial implication is incurred, as the contract cost provides for all the 

workforce agreed by the parties. Furthermore, by increasing the size of the labour 

workforce, it is assumed that the work progress will be enhanced, thus increasing the 

amount of work properly completed. 

Loop B3 illustrates the interrelationships between project execution costs, cost payment 

of work executed, modification of project scope, and project completion time. In most 

engineering construction projects, client-oriented changes (particularly in developing 

countries where most highway infrastructure projects are publicly initiated and funded) 

are almost unavoidable and expected during the construction phase, and when changes 

occur to an already existing project scope, the most common reactions are to extend the 

project completion period or increase the cost of the project, or both. Hence, in publicly 

funded highway projects in Nigeria, client-initiated changes come with accompanying 

adjustments to completion date and cost implications. The time and cost implications are 

thus provided by the client (i.e. public client) to cover for the additional work incorporated 

into the existing contractually agreed work scope. As described in the loop, when the new 

additions (such as bridges, toll plazas, lane expansion etc.) are incorporated into the scope 

of a project, the cost of the project is increased. This cost constitutes the cost of the project 

that must be paid for the execution of the overall work to be performed by the contractor. 

This cost includes both direct and indirect costs. In engineering projects such as highways, 
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direct costs relate to salaries of project personnel, material costs and costs of plants and 

equipment which could all be provided by the contractor or subcontractors. Indirect costs 

relate to costs that are not directly spent on the project development, such as overheads, 

but are very vital in the project delivery process and for the progress of the entire project. 

As the cost of the project increases, paying out the cost of work executed will decrease 

the total cost to be paid. 

8.3 Model Formulation 

The previous section focused on the development of the conceptual model in the form of 

a CLD to capture the mental model of the stakeholders and the information from literature 

sources and described the contextual interactions of the various driving factors of cost 

overrun, which in many situations are useful. However, CLDs are inefficient in capturing 

the stock and flow structure of systems (Sterman, 2000). Hence, there is a need for SFDs 

for the model, as CLD and SFD are the two central concepts of SD modelling (Sterman, 

2000). In this section, the focus is on converting and expanding key parts of the CLD 

(Loops R3 and B4), which describe the dynamic interactions inherent in a typical highway 

infrastructure development in Nigeria, into a formal SD simulation model. In formulating 

the simulation model, the structures (CLDs) that describe a typical construction 

management system were selected and numerically structured in terms of an SFD 

consisting of two subsectors linked into a single system model, simulating the interactions 

between the dynamics regarding project tasks and quality issues, and dynamic of 

workforce. This is based on the premise that these structures encompass the key elements 

that describe the evolution of the dynamic processes, and form the basis on which 

payment of work is made in highway infrastructure development, as explicated by Ansari 

(2019).  

The formulated model description of the feedback loops (R3 and B4) that exist in the 

system, which was based on discussions with stakeholders, is similar to structures of 

existing project management models (developed by Ogano and Pretorius (2017) 

(electricity energy projects); and Wang and Yuan (2017), Ansari (2019) and Al-Kofahi 

et al. (2020) (infrastructure projects)). However, modification of the model with the 

addition of key driving factors relevant to highway project development in Nigeria 

(obtained from interviews with stakeholders (see chapter 7 sections 7.3 and 7.4)), and the 

validation process of the conceptual model (see section 7.4.5), lead to new knowledge 

contributions. The additional variables (including adverse weather, social issues, lack of 
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skilled labour workforce, and political instability) were incorporated to describe the 

contextual construction management system of highway projects in Nigeria.  

The formulated model incorporates the causal relationships between the following 

aspects: scale of construction work, project work completed and work to be executed, 

labour engagement, contractor and worker efficiency. From the integrated SFD presented 

in Figure 8-9, it can be seen that the portions of the model highlighted in purple represent 

the additional causal structures that were developed for this study, based on the analysis 

of data obtained from stakeholders involved in highway project development (see chapter 

7, section 7.4). As explained earlier, this model describes a typical construction 

management process involved in highway project development, and thus the additional 

causal relationships represent an extension to the previously developed project models of 

Ogano and Pretorius (2017), Wang and Yuan (2017), Ansari (2019), and  Al-Kofahi et 

al. (2020) by including variables such as political instability, adverse weather, lack of 

skilled labour workforce, and social issues, that represent significant project dynamic 

processes in the highway construction process in Nigeria. However, for the sake of clarity 

and description, the model structure was separated into two subsystems for easy display 

and description to stakeholders. The discussion below focuses on individual subsystems. 

8.3.1 Subsection of Project Tasks and Quality Issues 

This subsection has three stocks, i.e. work to be executed, work properly accomplished, 

and quality defects, as shown in Figure 8-7. When a contractor wins the bid for a contract, 

they perform a certain amount of work as specified in the contract documents and as 

agreed between the client and the contractor, and this is termed “work to be executed”. 

However, in a typical construction process, not all of the work to be executed will be 

certified to be free from quality issues. Hence, during the simulation, a significant 

proportion of this work flows through the work execution rate towards the work properly 

accomplished stock at a prescribed work rate, which depends on the efficiency of the 

contractor, and is affected by lack of skilled labour workforce and influences of political 

instability, social issues, and adverse weather, as well as the labour workforce committed 

to the project. In a typical construction practice in Nigeria, public clients or their 

representatives and contractors often check and assess the amount of work executed 

before issuing any certification for work properly accomplished, i.e. work that meets the 

quality standard set out by the client. This is why a significant amount of work is assumed 

to be accomplished to the required work standard, as highlighted in the discussions with 

stakeholders (see Appendix F). Hence, the remaining portion of work to be executed 
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flows through the defective execution of work at a rate which is dictated by the acceptance 

rate of the work (in this case small compared to the acceptance rate of the work executed 

to the accepted quality standard).  

In practice, quality issues are also a source of delays and cost overrun, particularly if they 

are significant. Once discovered, the work with quality defects flows through the 

detecting quality defect rate to the work to be executed. However, because not all work 

with quality defects is discovered during the inspection by the project team, the 

probability of quality defect detection parameter was incorporated as suggested by 

Nguyen and Ogunlana (2005). This is based on a suggestion from discussions with 

stakeholders (See Appendix F). It thus signifies the likelihood of the amount of work with 

quality defects being uncovered during the quality standard inspection. Similarly, the rate 

of quality defect detection depends upon time taken to detect quality defects, which is a 

function of the state of the project completion. The formulation of this variable is based 

on suggestions of stakeholders to consider the time taken to detect quality defects as 

endogenous to the system and depends on the state of project completion (see Appendix 

F). This signifies that the rate of inspection is often intensified as the project nears 

completion. In addition to the variables of previous models such as Ogano and Pretorius 

(2017), Wang and Yuan (2017), Ansari (2019), and  Al-Kofahi et al. (2020), as well as 

results from discussions as presented in Chapter 7, sections 7.3 and 7.4, four (4) additional 

variables specific to the Nigerian context were incorporated (see chapter 7 section 7.3.3). 

These key driving factors were: political instability and lack of skilled labour workforce 

(both considered exogenous), and social issues and adverse weather, which are variables 

that are a function of the state of the project completion. The incorporation of these key 

drivers ensured that a new context-based model was developed in this study. 
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Figure 8-7: Subsection of project tasks and quality issues 

8.3.2 Subsection of Project Labour Workforce  

This subsection has two stocks, i.e. labour workforce and accumulative work effort, as 

shown in Figure 8-8. These stocks are regulated by different flows, i.e. net hiring of labour 

workforce and supplementary effort. When the labour workforce is not at full capacity, 

i.e. if there is a decrease in the labour workforce quantity, the project will progress tardily. 

As described in Figure 8-8, the work progress is influenced by three (3) key drivers, i.e. 

social issues, adverse weather, and political instability, as well as the efficiency of the 

contractor and the labour personnel. However, as explained earlier, social issues and 

adverse weather are a function of the state of project completion, whilst political 

instability is considered a constant. This is based on discussions with stakeholders (see 

section 7.4.5 and Appendix F). Also, efficiency of contractor and personnel is a function 

of the work to be executed and is strongly influenced by the shortage of skilled labour 

workforce with the requisite capabilities. Lack of skilled labour workforce is also shown 

to influence the supplementary effort towards achieving the remaining work to be 

executed. The target delivery time usually agreed in the contract document determines 

the remaining time to complete the project, which forms the basis on which the workforce 

requirements are determined, and also the supplementary effort is considered to depend 

on the labour workforce. The expected efficiency of the labour workforce is determined 

by the accumulative effort of the labour workforce and the accumulated completed project 

work, and this (with the combined influence of the amount of work to be executed) 

determines the work effort remaining to be executed. However, as explained earlier, the 
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structure of the subsystem and the integrated SFD were adapted from the models of 

Ogano and Pretorius (2017), Wang and Yuan (2017), Ansari (2019), and Al-Kofahi et al. 

(2020), and also based on discussions with stakeholders involved in highway 

infrastructure development in Nigeria (see chapter 7, section 7.4 and Appendix F). Hence, 

the key driving factors highlighted in purple, such as political instability, social issues, 

adverse weather, and lack of skilled labour workforce, are significant and specific to 

highway project development in Nigeria.  

 

Figure 8-8: Subsection of project labour workforce 

8.3.3 Integrated Stock and Flow Diagram 

The integrated SFD combines the two subsections of project tasks and quality issues, and 

labour workforce, such that it describes a holistic representation of the dynamics at play 

amongst the key factors of cost overruns in highway projects in Nigeria, as depicted in 

Figure 8-9. However, the variables highlighted in purple in Figure 8-9 represent the 

factors obtained from the analysis of interview data (see chapter 7, sections 7.3 and 7.4) 

and the evaluation process of the conceptual model with project stakeholders (see chapter 

7, section 7.4.5).  
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Figure 8-9: Integrated SFD 

The integrated model in Figure 8-9 was presented to nine (9) stakeholders involved in 

highway project provision in Nigeria, as part of building confidence in the SFD and model 

parameterisation (see Appendix E). The discussions from the interviews with the 

stakeholders were used to structure and develop the SD model for this study (see section 

7.4.5 and Appendix F). Hence, the key relationships between the model variables are 

governed by equations developed for the SFD model, which are detailed in the next 

section. 

➢ Model Equations 

The algorithms for the formulation of the model in Figure 8-9 are described in this section. 

Where required, the motive for the variable relationships and the data used in the model 

formulation, are discussed with the algorithms.  

The exogenous variables were estimated based on discussions with stakeholders (whose 

experience in highway project development ranged between 10 to over 20 years, with an 

average of 18 years (see Appendix F)), in the process of model parameterisation. This 

was considered a reasonable technique, because information on non-technical variables 

is difficult to assess properly, and expert judgement can be relied upon if the stakeholders 

have significant experience in the process, as explicated by Sterman (2000) and Nguyen 

and Ogunlana (2005). 

From the elicitation process, political instability (which describes the transition of 

government in Nigeria either through election or death) was judgementally estimated. 
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This is considered a significant driving factor, considering the constitutional length of 

each government is 48 months, at which point the government can be changed or re-

elected. The political instability is modelled as a constant of 87%, i.e. 0.87. However, 

because it is impossible to assess it properly, judgemental estimates with stakeholders 

suggested, on a scale of 0-100, a range of between 80 and 95. Hence, an average of 87% 

is considered (See Appendix F). 

Political instability = 0.87 (Units: dimensionless) 

Most of the labour workforce utilised in highway construction is recruited from the 

neighbourhood where the project is located, and as such they are temporary workers with 

limited skills in highway construction. This insight came from discussions with key 

stakeholders during the model evaluation process (see chapter 7, section 7.3.5). 

Discussions with stakeholders, supported by the existing literature (such as Akoh (2018)), 

suggested that, in typical highway projects (which are mostly constructed by foreign 

contractors), most of the labour workforce is low skilled and has limited experience, 

which means that there is a shortage of skilled labour. This significantly affects the 

projects in terms of their effective productivity. Therefore, estimates with stakeholders 

suggest, on a scale of 0-100, a range of between 40 and 70 should be considered. Hence, 

with an average of 58%, lack of skilled labour workforce is modelled as a constant of 

58%, i.e. 0.58 (see Appendix F). 

Lack of skilled labour workforce = 0.58 (Units: dimensionless) 

Discussions with stakeholders suggested that social issues in terms of accidents, 

indiscipline of motorists, and traffic gridlock were prevalent at the early stages of the 

project work (see Appendix F), particularly as most highway projects in Nigeria are 

reconstructions of an existing road. As projects near the end of construction, these issues 

are reduced, because by then most of the work has been completed and sections of the 

road re-opened, thus traffic gridlock, accidents, and the indiscipline of motorists will be 

drastically reduced. Therefore, social issues are modelled as a function of the state of the 

project completion. 

Social issues = WITH LOOKUP (Ratio of completed project work, ([(0,0)-

(2,2)],(0,1),(0.2,0.95),(0.4,0.9),(0.5,0.8),(0.7,0.6),(0.8,0.6) ) (Units: dimensionless) 

Discussions with stakeholders suggested that the impact of rain was significant in the 

early stages, due to the exposed nature of the construction works, such as excavation, 

concrete work, grading, paving, backfill etc. and the impact usually reduced as projects 
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neared completion, because by then most of the work would have been achieved. 

Therefore, it is modelled as a function of the state of the project completion. 

Adverse weather condition (rainfall) = WITH LOOKUP (Ratio of completed project 

work, ([(0,0)-(2,2)],(0.2,0.9),(0.4,0.7),(0.5,0.6),(0.7,0.5),(0.9,0.5) ) (Units: 

dimensionless) 

During discussions with stakeholders, the stakeholders consider the average length of a 

project to be 100 km (see Appendix F). Based on this, the study assumed that an average 

highway project spans a distance of 100 km. For ease of presentation, the study assumed 

that one (1) project task was equivalent to 0.1 km length of road, including all of the 

adjoining structures along the road length. This is in line with Nguyen and Ogunlana 

(2005). 

Initial number of work to be executed = 1000 (Units: dimensionless) 

Work to be executed = INTEG (detecting quality issue rate-defective execution of work-

work execution rate) (Units: Tasks) 

Work execution rate = Work progress*work acceptance rate (Units: Tasks/Month) 

Work properly accomplished = INTEG (work execution rate) (Units: Tasks) 

Discussions with stakeholders revealed the efficiency of the contractor and personnel in 

a typical project to be a function of the work to be executed (see chapter 7, section 7.4.5, 

and Appendix F). Hence, with the amount of work to be executed comprising of 1000 

project tasks, the efficiency of the contractor and their personnel is at its peak (i.e. 100%) 

until the point at which there are 300 project tasks to be executed, when the efficiency 

begins to diminish to about 95%. At about 250 project tasks to be executed, the efficiency 

is about 90%; it reduces to about 85% when the project work to be executed is about 150 

project tasks; it is at a low efficiency of about 40% with 0 project work tasks to be 

executed. Furthermore, the efficiency of contractor and personnel is also affected by the 

lack of a skilled labour workforce: when skilled labour workforce is low, the efficiency 

is significantly reduced. Thus, efficiency of contractor and personnel is modelled as: 

Efficiency of contractor and personnel = WITH LOOKUP (Work to be executed/Initial 

work to be executed) *Lack of skilled labour workforce ([(0,0)-

(1000,1.2)],(0,0.40),(150,0.85),(250,0.9),(300,0.95),(600,1),(1000,1) ) (Units: 

Tasks/Person/Month) 
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Work progress relates to the progress made during project construction and is modelled 

to be equal to the product of the efficiency of contractor and personnel and the project 

labour workforce committed by the contractor. Also impacting the work progress are: 

political instability, social issues, and adverse weather condition (rainfall), which affect 

the pace of work and slow down the progress of work. Hence, work progress is modelled 

as: 

Work progress = (Project labour workforce committed to project*Efficiency of 

contractor and personnel) *Political instability*Social issues*"Adverse weather 

condition (rainfall)" (Units: Tasks/Month) 

Discussions with stakeholders suggested that the amount of labour workforce at the initial 

stage should be set as 20 persons (see Appendix F). Based on this figure of 20, a 

calculation can be made of the amount of workforce required for a portion of work, based 

on the remaining time to complete project work and the amount of work effort remaining. 

Also, contractors do not often deploy all their workforce at the start of the project, based 

on discussions with experts, and the percentage of the labour workforce committed to a 

project is modelled as a constant of 85%, with a range of 70% to 90%. Furthermore, the 

labour workforce assigned to a particular project is regulated through the net hiring of 

labour workforce, which is equal to expected workforce quantity, i.e. the difference 

between the required labour workforce and the labour workforce, divided by the time to 

hire labour workforce. Therefore, the variables are modelled as: 

Labour workforce = INTEG (net hiring of labour workforce) (Units: Person) 

Project labour workforce committed to the project = fraction of labour workforce 

committed to project work*Labour workforce (Units: Person) 

Fraction of labour workforce committed to the project = 0.85 (Units: Dimensionless) 

Net hiring of labour workforce = Expected workforce quantity/time to hire labour 

workforce (Units: Person/Month) 

Expected workforce quantity = Required labour workforce-Labour workforce (Units: 

Person) 

Discussions with stakeholders suggested that an average time needed for the workforce 

to adapt is between 2 and 4 weeks, because some of the labour workforce have been 

involved one way or another in a previous highway construction project (see Appendix 

F). Therefore, the study assumes an average of 3 weeks, i.e. 0.75 months. 
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Time to hire labour workforce = 0.75 (Units: Month) 

The required workforce is determined by the rate of work needed, based on the remaining 

time to complete project work and work effort remaining to be executed. 

Required labour workforce = Required work rate (Units: Person) 

The required work rate is modelled as the work effort remaining to be executed divided 

by the remaining time to complete project work. 

Required work rate = Work effort remaining to be executed/Remaining time to complete 

project work (Units: Person) 

The work effort remaining to be executed is determined as work to be executed divided 

by the expected efficiency. The “MAX” function used in the equation was to ensure that 

a division by zero is avoided. 

Work effort remaining to be executed = Work to be executed/MAX (Expected efficiency, 

1) (Units: Person*Month) 

Discussions with stakeholders revealed that contract duration in highway project 

construction in Nigeria is usually 48 months (see Appendix F). This is the duration agreed 

at the point of contract award, with the contractor being contractually required to deliver 

the project within this timescale, all things being equal. Therefore, the target project 

delivery time is modelled as 48 months. The use of the “MAX” function is to prevent 

division by zero (0). It was suggested from the discussions that the delay time that is 

usually needed to adjust to the delivery schedule is between 1 and 2 months, depending 

on the region where the project is being constructed. Therefore, an average time lapse of 

at least 1.5 months was taken. Therefore, the remaining time to complete the project is 

modelled as: 

Remaining time to complete project work = MAX (1.5, Target project delivery time-Time) 

(Units: Month) 

Based on the discussions with stakeholders, the study considered the timeframe usually 

agreed between client and contractor for the delivery of a highway project. A typical 

highway project is expected to be delivered within 48 months. Therefore, the target 

delivery time is modelled as: 

Target delivery time = 48 (Units: Month) 
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The expected efficiency is determined as the accumulated completed project work 

divided by the cumulative work effort. Hence, the “MAX” function is used to avoid 

division by zero (0). 

Expected efficiency = Accumulated completed project work/MAX (Cumulative work 

effort, 1) (Units: Tasks/(Person*Month) 

Accumulated completed project work is modelled as equal to work properly 

accomplished plus quality defects. 

Accumulated completed project work = Work properly accomplished+ Quality defects 

(Units: Tasks) 

The cumulative work effort is modelled as being increased by the supplementary work 

effort, but it is impacted by lack of skilled labour workforce. The supplementary work 

effort is modelled as equal to the labour workforce multiplied by lack of skilled labour 

workforce. 

Cumulative work effort = INTEG (supplementary effort*"Labour workforce effort (Man-

month)") (Units: Person*Month) 

Supplementary work effort = (Labour workforce/"Labour workforce effort (Man-

month)”) *Lack of skilled labour workforce (Units: Person/Month) 

The ratio of completed project work is modelled as the accumulated completed project 

work divided by the initial work to be executed and is presented as follows: 

Ratio of completed project work = Accumulated completed project work/Initial work to 

be executed (Units: Fraction) 

Detecting quality defect rate is modelled to depend on the quality defects divided by the 

time taken to detect quality defects, multiplied by the probability of detecting quality 

defects. In a typical highway construction project, contractors and owners' representatives 

check and assess the work done by the contractor.  

Detecting quality defects rate = (Quality defects/time taken to detect quality defects) 

*probability of quality defect detection (Units: Tasks/Month) 

Discussions with stakeholders suggested that, at the early stages of construction work, the 

contractors’ efforts towards meeting the quality standards set by clients are enormous, 

because that is the basis on which contractors receive payment, and quality issues are not 

so prevalent. However, as projects near completion, with usage of sections of the road 
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and inspections by the project team (client representatives and contractors), quality issues 

are identified and discovered. Therefore, this is modelled as a function of the state of the 

project completion. 

Time taken to detect quality defects = WITH LOOKUP (Ratio of completed project work, 

([(0,0)-

(1,1)],(0,0.2),(0.1713,0.3772),(0.2875,0.5132),(0.3914,0.614),(0.5,0.7),(0.6,0.77),(0.7,0.

78),(0.8532,0.79),(1,0.8) ) (Units: Month) 

Discussions with stakeholders suggested that not all the work will be defect free in a 

typical construction project, therefore the probability of discovering quality defects 

during the progress evaluation process must be considered. The probability that quality 

defects will be detected during the progress evaluation process was estimated by 

stakeholders, who indicated that it could be between 70% and 90%. Hence, with an 

average of 80%, the probability of quality defect detection is modelled as a constant of 

80%, i.e. 0.80 (see Appendix F). 

Probability of quality defect detection = 0.80 (Units: Dimensionless) 

The defective execution of work is dependent on the work progress, because not all works 

are completed without any defects, even though discussions with stakeholders revealed 

that the defect level is small compared to the properly completed portion of work. 

Therefore, it is modelled as equal to work progress and a proportion of the acceptance 

rate. 

Defective execution of work = Work progress*(1-work acceptance rate) (Units: 

Tasks/Month) 

Quality defects = INTEG (defective execution of work-detecting quality defects rate, 

initial value of quality defects) (Units: Tasks) 

Discussions with stakeholders revealed that a range of about 75% to 95% of the work is 

completed within the acceptable quality standard of the client (see Appendix F). This 

study assumes an acceptance rate of 80%, which means that 80% of the work is properly 

completed and the remaining 20% is completed with defects. Therefore, work acceptance 

rate is modelled as a constant of 0.80. 

Work acceptance rate = 0.80 (Units: Dimensionless) 
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Average quality of completed project work is modelled as the ratio of work properly 

accomplished divided by quality defects plus the work properly accomplished, though, 

with a MAX function used to prevent division by zero (0). 

Average quality of completed project work= Work properly accomplished/MAX (Quality 

defects+ Work properly accomplished, 1) (Units: Dimensionless) 

8.3.5 Results of Simulation  

SD modelling is supported by tools that offer unique advantages, such as facilitating the 

modelling of complex and large systems, which includes integrating feedback processes, 

portraying complex SD over time, user friendly graphical interfaces, and the ability to 

manipulate model parameters and enable simulations of different scenarios (Greiner et 

al., 2014, Kotir et al., 2016). The simulation model was implemented with Vensim, which 

is an object-oriented, graphical simulation modelling environment, marketed and 

distributed by Ventana Systems (Ventana Systems, Harvard, Massachusetts); it is one of 

the most widely used tools for developing and running SD models (Rashedi and Hegazy, 

2016, Wang and Yuan, 2017). The SD tool, Vensim (Ventana Systems, 2004), provides 

a fully integrated simulation system to conceptualise, document, simulate, analyse, and 

optimise models of dynamic systems. Vensim is a simple and flexible set of tools for 

building simulation models from CLDs or SFDs. It has powerful functions for sensitivity 

testing, policy optimisation, and calibration (Khan et al., 2009). All of the model 

simulation results in Figure 8-9 were obtained with the aid of a numerical integration 

method (the Euler method). 

Figure 8-10: Comparison of base run behaviour of selected variables (work to be 

executed, accumulated completed project work, work properly accomplished, and 

quality defects) 
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The simulation results depicting work to be executed, accumulated completed project 

work, work properly completed, and quality defects are presented in Figure 8-10 using 

different colours. The behaviour pattern suggests that, even with only a small proportion 

of work with quality defects, the proportion of work properly completed is only 500 

project tasks, i.e. 50 kilometres of road network in about 48 months. This can be attributed 

to the delay that is encountered due to the proportion of work with quality defects which 

requires fixing and will have been achieved at the targeted delivery time of 48 months. 

The project work is expected to be completed at about 144 months. This is not unusual, 

considering the nature of highway project construction in Nigeria, and looking at the 

completion rates of various projects across the six geo-political zones in Nigeria at the 

time of this research (as follows). The 105 km Kano-Maiduguri (section I: Kano-Wudil-

Shuari, North west zone) expressway project initiated in 2006 is at 48.53%; the 117.8 km 

Kano-Maiduguri (section II: Shuari-Azare, North east zone) expressway project initiated 

in 2006 is at 56.47%; the 42 km Abuja-Abaji-Lokoja (section I: International airport link 

road junction- Sheda village junction, North central zone) highway project initiated in 

2006 is at 88.95%; the 43.6 km Lagos-Shagamu-Ibadan (section : Lagos-Shagamu, South 

west zone) expressway project initiated in 2013 is at 45.46%; the 54.2 km Lokoja-Benin 

(section III, phases I Auchi-Ehor; Obajana junction-Benin, South south zone) highway 

project initiated in 2012 is at 22.82%; and the 32 km Otoucha-Ibaji-Odulu-Ajegwu (Ibaji 

section, South east zone) highway project initiated in 2009 is at 38.19% (FMW&H, 2019). 

Figure 8-11: Comparison of base run behaviour of selected variables (work 

execution rate, defective execution of work, lack of skilled labour workforce, and 

work properly accomplished) 

The simulation results of work execution rate, defective execution of work, lack of skilled 

labour workforce, and work properly accomplished are presented in Figure 8-11. The 



Chapter 8- Model Development and Description                                                                        

234 
 

behaviour trend suggests that, with a lack of skilled labour workforce of 0.58 (i.e. 58%), 

most of the work (i.e. 960 project tasks representing about 96 km of road network) will 

be properly accomplished at about 96 months, with the defective execution rate small 

compared to the work execution rate (properly). This is because the acceptance rate of 

work is skewed to the work execution rate. It can be seen that both the work execution 

rate and defective execution rate rise and fall between 36 months and about 60 months, 

and reach their peaks towards the end of the initially contracted project delivery period 

of 48 months. This trend is as expected. 

Figure 8-12: Comparison of base run behaviour of selected variables (work 

execution rate, work acceptance rate, defective execution of work, work properly 

accomplished, and quality defects) 

The simulation results of work execution rate, work acceptance rate, defective execution 

of work, work properly accomplished, and work with quality defects are presented in 

Figure 8-12. It clearly indicates that, with a work acceptance level of 0.80 (i.e. 80%), most 

of the work (i.e. 960 project tasks representing about 96 km of road network) will be 

accomplished properly at about 96 months, with the proportion of work with quality 

defects small. This is because a significant proportion of the work is accepted through the 

valuation and certification process by the client and their representatives. It can be seen 

that the proportion of work with quality defects is at its maximum towards the end of the 

initially contracted period of 48 months, because at the early stages the contractor’s 

efforts to ensure that the work meets the client’s quality standards are intense, and quality 

problems tend to be prevalent towards project completion. This trend is as expected. 
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Figure 8-13: Comparison of base run behaviour of selected variables (fraction of 

labour workforce committed to project work, project labour workforce committed 

to project, labour workforce, work to be executed, and accumulated completed 

project work) 

The simulation results of the fraction of labour workforce committed to project work, 

project labour workforce committed to project, labour workforce, work to be executed, 

and accumulated completed project work are presented in Figure 8-13. It can be seen that, 

with the amount of labour workforce committed to the project and the actual labour 

workforce rising and falling between 36 months and about 72 months (reaching a 

maximum at about 47 months), the accumulated completed project work achieved at the 

initially targeted 48 months is only about half of the overall project work, i.e. about 500 

project tasks representing 50 km of road network, which signifies that the project is well 

behind schedule and will probably experience cost overrun as a result. Also, it can be seen 

that the project will be completed at about 144 months. This is expected, because most 

highway projects across Nigeria are not completed within the initially agreed contract 

period and budget.  
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Figure 8-14: Comparison of base run behaviour of selected variables (labour 

workforce, project labour workforce committed to project, work to be executed, 

accumulated completed project work, and work progress) 

The simulation results of labour workforce, project labour workforce committed to the 

project, work to be executed, accumulated completed project work, and work progress 

are presented in Figure 8-14. The behaviour pattern suggests that the labour workforce 

and project labour workforce committed to the project increase rapidly between 36 

months and 72 months, and work progress increases between 36 months and 60 months, 

with all peaking at about 47 months, which happens to be near the anticipated completion 

period; the proportion of completed project work is just about 500 project tasks, 

representing about 50 km of road network. It is at this stage that the proportion of project 

tasks with quality issues is prevalent, because the client dedicates more efforts to 

supervision as the project is nearing completion. The project is expected to be completed 

at about 144 months. This result is as expected. 
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Figure 8-15: Comparison of base run behaviour of selected variables (work to be 

executed, work progress, and political instability) 

The simulation results of work to be executed, work progress, and political instability are 

presented in Figure 8-15. It can be seen that, with the impact of political instability (which 

has been described as including changes in government, either through elections or 

death), the progress of work starts at a slow pace then increases significantly, reaching a 

maximum of progress achievement between 36 months and about 60 months. The adverse 

consequence of the inconsistent progress is that the amount of work to be executed still 

remains significant at about 47 months, which happens to be near the anticipated agreed 

period of completion, and thus the amount of work to be executed moves from 1000 

project tasks (i.e. 100 km of road network) to about 40 project tasks (i.e. 3.2 km) in 96 

months, as opposed to the 48 months in which the project was initially meant to be 

delivered. This is as expected. 

Figure 8-16: Comparison of base run behaviour of selected variables (required 

labour workforce, labour workforce, project labour workforce committed to 

project, and net hiring of labour workforce) 
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The simulation results of required labour workforce, labour workforce, project labour 

workforce committed to project, and net hiring of labour workforce are presented in 

Figure 8-16. The results suggest that the required labour workforce increases rapidly and 

then decreases in line with the labour workforce and project labour workforce committed 

to the project. This results in a positive behaviour in the net hiring of labour workforce 

between 36 months and approximately 47 months of the project, and a negative behaviour 

pattern at between 47 months and approximately 84 months of the project. The trend is 

as expected. 

Figure 8-17: Comparison of base run behaviour of selected variables (ratio of 

completed project work, and work progress) 

The simulation results of ratio of completed project work and work progress are presented 

in Figure 8-17. The results suggest that work progress is slow at the initial stages of the 

project, and then rises abruptly at between 36 months and 60 months, before slowing 

down again. Also, the ratio of completed project work rises and achieves a significant 

proportion of 0.96 completion by month 96, with the project completed at about 144 

months. This trend is as expected. 
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Figure 8-18: Comparison of base run behaviour of selected variables (work to be 

executed, accumulated completed project work, work progress, adverse weather 

condition (rainfall), and social issues) 

The simulation results of work to be executed, accumulated completed project work, work 

progress, adverse weather (rainfall), and social issues are depicted in Figure 8-18. The 

behaviour pattern suggests that the impact of adverse weather and social issues tends to 

be significant at the early stages of the project and often decreases as the project nears 

completion. With the impact of adverse weather and social issues evident, the progress of 

work rises and falls between 36 months and 60 months, peaking at about 52 tasks/month 

(i.e. about 5.2 km/month) as the project nears the anticipated project completion time of 

48 months. At that point, only about half of the project work has been achieved (i.e. 500 

project tasks, which represents 50 km of road network), with the project completed at 

about 144 months. This trend is as expected. 

Figure 8-19: Comparison of base run behaviour of selected variables (quality 

defects, detecting quality defects rate, probability of quality defect detection, and 

time taken to detect quality defects) 
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The simulation results of quality defects, detecting quality defects rate, probability of 

quality defect detection, and time taken to detect quality defects are presented in Figure 

8-19. It can be seen from the behaviour pattern that the proportion of work with quality 

defects rises and falls between 40 months and 68 months, and the rate of quality defect 

detection rises and falls between 36 months and 60 months, peaking at about 47 months. 

This is because significant effort is dedicated to supervision by the client (or client’s 

representative) to identify the portion of work with quality issues, considering the high 

probability of discovering such flaws. That said, the proportion of work with quality 

defects is small, because most of the work is properly completed. This is as expected. 

Summary  

In summary, a conceptual SD model was developed and represented in a CLD, based on 

the cause and effect relationships between key variables of the project management, 

macroeconomic, leadership, and societal related drivers of cost overrun; this presented a 

broad perspective of the dynamics of the different categories of drivers in the Nigerian 

context. An integrated conceptual model capturing the overall dynamics was developed. 

Based on engagement with stakeholders and knowledge elicitation, the key feedback 

loops (that capture the key structural elements of the system and thus have significant 

implications for understanding the contextual dynamics of the system) were critically 

analysed and discussed, and they demonstrated the complex feedback structure that 

determines the dynamic behavior of the system. Furthermore, the chapter also described 

and discussed the model formulation in the form of an SFD of the key structures that 

describe a typical construction management process. The key model algorithms relating 

to the variables and their relationships were also given. 

This chapter also presented the simulation behaviour of the model under the baseline 

situation, illustrating the dynamic behaviour of the model from 0 months to 240 months. 

The model simulated the impact of key driving factors of cost overrun on the performance 

of highway projects in Nigeria. The behaviour patterns presented captured the interactions 

of the key variables and how they influence performance through impacting on the 

progress of work, which has been regarded as the main driving factor of cost overrun in 

highway projects. The results serve as the foundation for the subsequent chapters. In the 

next chapter, the validation and testing results will be presented. This is because, for a 

model to be acceptable and sound in terms of purpose and usefulness, the model must go 

through and pass each of the tests performed.  



Chapter 9- Model Testing, Analysis, Policy Evaluation and Discussion                                   

241 
 

Chapter 9: Model Testing, Analysis, Policy Evaluation and Discussion 

9.1 Introduction 

Chapter 1 introduced the background of the research, knowledge gaps, and the rationale 

for the study. Chapter 2 reviewed literature on the concept of cost overruns and their 

driving factors in general construction projects (and specifically highway projects) from 

a global perspective and the Nigerian context and concluded that cost overruns are 

systemic and potentially substantial in publicly funded projects, due to multiple triggers. 

Consequently, the review established that the existing methodological approach 

employed (i.e. conventional statistical techniques) is inadequate in evaluating the 

systemic and intricate nature of cost overrun triggers in highway projects. Chapter 3 then 

provided a detailed description of the modelling framework that was utilised in this study. 

It provided the basis and justification for using SD as a suitable technique in the research 

inquiry. Furthermore, the application of SD in construction management research was 

highlighted, and its application to the current study was presented, as well as the key tools 

of the SD technique. The chapter conclude that SD methodology has the ability to 

incorporate the complex and dynamic nature of the triggers of cost overruns in highway 

projects. Chapter 4 provided a detailed account of the philosophical assumptions, chosen 

research strategy, and methodological positions adopted for this study. Chapter 5 

discussed the procedures adopted for the development of the coding framework used for 

data analysis. Chapter 6 discussed the procedures utilised for the data collection process in 

general, and particularly for this research work. Chapter 7 presented the detailed procedure 

for data analysis and the identification of causal relationships from the qualitative data, 

and the evaluation process of the conceptual model. Chapter 8 presented the development 

and description of the conceptual and formal models built upon the empirical findings of 

the qualitative interviews and literature, based on the proposed SD framework and the 

steps in the modelling process. This chapter presents the various tests for the developed 

model. The aims are to: learn about any flaws in the model; set the stage for better 

understanding the underlying structure of the model; and to determine the robustness and 

sensitivity of the model output based on the underlying assumptions made about the 

interrelationships between the model variables and the boundary of the model. 

Furthermore, policy scenarios were explored and analysed, with the aim of generating 

new strategies and policies that would be useful in improving the performance of highway 

projects in Nigeria. 
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9.2 Model Verification and Validation 

The verification of the model was conducted based on empirical tests and the suggested 

tests advocated by Senge and Forrester (1980), Barlas (1996), and Sterman (2000). 

Although the tests were necessary and vital, Sterman (2000) emphasised that no single 

test is adequate, and adopting a range of tests will assist in understanding the robustness 

and limitations of the developed model. Furthermore, Sterman (2000) mentioned that it 

is an iterative and multidimensional process that begins at the early stages of model 

development. Based on the recommendation of  Sterman (2000), the model was verified 

to develop confidence in terms of its usefulness and soundness, by performing several 

tests including: dimensional consistency test, parameter confirmation test, boundary 

adequacy test, structure confirmation or assessment test, integration error test, and 

sensitivity analysis using extreme condition test. 

9.2.1 Dimensional Consistency Test 

The dimensional consistency test was performed on the model to check for 

inconsistencies with the dimensions of the variables and constants used, and care was 

taken to ensure that the variables and parameters used in developing the model equations 

had real world meaning, in line with the recommendations of Sterman (2000) and Barlas 

(1996). Hence, each mathematical equation used to formulate the SFD was tested to 

confirm that the variables and parameter units of measurement were dimensionally 

consistent, by checking the right-hand side and left-hand side for dimensional consistency 

(Barlas, 1996). The test is conducted using a built-in function in the Vensim software, 

which issues a notification of any inconsistencies with the dimensions. Therefore, the 

dimensional analysis tool was invoked, and all the units of the model variables and 

equations were verified and balanced accordingly, as shown in Figure 9-1. 
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Figure 9-1: SFD showing dimensional consistency 

9.2.2 Structure Confirmation Test 

The structure confirmation test is of ultimate primacy in the model verification process, 

because it assesses whether the model structure is consistent with the relevant knowledge 

of the system under consideration, from a theoretical and/or empirical perspective 

(Barlas, 1996). Senge and Forrester (1980) and Barlas (1996) affirmed that the structure 

of the model should not contradict the knowledge about the structure of the real system, 

or the knowledge about the real system that exists in the literature. The development of 

the SD model in this research involved discussions with relevant stakeholders and review 

of empirical and non-empirical documents, which was in line with the recommendation 

of Sterman (2000) which provided both empirical and theoretical inclinations. The 

conceptual and formal models, as presented in Figures 8-6 and 8-9 in chapter 8, emerged 

from the literature, discussions with stakeholders, and the conceptual model enhancement 

process. Hence, these processes ensure that the researcher is involved and responsible for 

the model, as well as its usefulness, based on the verification process (see section 8.2.1.3).  

9.2.3 Parameter Confirmation Test 

The parameter confirmation test is conducted to compare the parameters used in model 

development with the knowledge of the system under consideration, from a theoretical 

and/or empirical perspective, to ascertain whether they correspond conceptually and 

numerically to the knowledge of the construction industry (Senge and Forrester, 1980, 

Barlas, 1996, Sterman, 2000). Sterman (2000) reiterated the importance of using 
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numerical information in determining parameter values. However, as highlighted by  

Sterman (2000), there are limitations on the availability of numerical data, and as such it 

is difficult to estimate all the parameters used in a model. Furthermore, Sterman (2000) 

affirmed that, in practice, both statistical and judgemental techniques can be used, and he 

emphasised the significance of soliciting parameter and/or variable information 

judgementally, particularly when access to numerical information is difficult and when 

the study is time bound. Based on this recommendation, the parameter values used in this 

research were obtained through discussions with stakeholders with relevant experience 

(see Appendix F). However, for the sake of clarity, the parameters used in the 

development of the model, and their respective values, are presented in Table 9-1. 

Table 9-1: Parameters and assigned values 
Selected parameters Assigned values Dimensions Sources 

Target delivery time 48 Month Stakeholder interview 

Fraction of labour workforce 

committed to the project 

0.85 (85%) Dimensionless Stakeholder interview 

Labour workforce effort (man-

month) 

1 Month Stakeholder interview 

Political instability 0.87 (8%) Dimensionless Stakeholder interview 

Work acceptance rate 0.80 (80%) Dimensionless Stakeholder interview 

Time to hire labour workforce 0.75 Month Stakeholder interview 

Lack of skilled labour 

workforce 

0.58 (58%) Dimensionless Stakeholder interview 

Initial work to be executed 1000 Tasks Stakeholder interview 

Probability of quality defect 

detection 

0.80 (80%) Dimensionless Stakeholder interview 

 

9.2.4 Integration Error Test 

The integration error test was performed to assess the behaviour of the model when the 

time step and integration method adopted in model development are modified. However, 

Sterman (2000) posited that the model output should not be affected by the choice of time 

step or integration method. In the initial modelling process, a time step of 0.125 was used 

throughout the research, representing one-fourth of the smallest time constant, based on 

the recommendation of Sterman (2000), as presented in Figure 9-2. In testing, both the 

time step and integration method should be altered, and the model results simulated to 

ensure that the model is not sensitive to variation. The integration error test was performed 

by cutting the time step used for simulation into half and assessing for any possible 

erroneous changes in the behaviour of the model created by the underlying structure of 

the feedback system (Sterman, 2000). Furthermore, the integration method was changed 

from the Euler to the fourth-order Runge-Kutta (RK4) method, and the behaviour of the 

model was assessed in line with the recommendation of Sterman (2000). 
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Figure 9-2: Time step (0.125)                   Figure 9-3: Time step (0.0625) 

To assess whether or not the model passed the integration error test, the time step used in 

the model was modified from 0.125 and reduced by half to 0.0625, as presented in Figures 

9-2 and 9-3, based on the recommendation of Sterman (2000). This is significant in 

assessing variations of changes in the observed output behaviour of the relevant selected 

variables. Hence, the test was performed by formulating a hypothesis stating that there 

were no statistically significant differences between the various means of the selected 

relevant variables for both time steps, i.e. 0.125 and 0.0625. The hypothesis 

representations in equations 9-1 and 9-2 were formulated with null (H0) and alternate (H1) 

mathematical notations respectively.  

H0: μtime step=0.125- μtime step=0.0625=0                   i.e., H0: μD=0   (eqn. 9-1) 

H1: μtime step=0.125- μtime step=0.0625≠0                   i.e., H1: μD≠0   (eqn. 9-2) 

Where μ indicates the mean of the selected variables and μD indicates the difference in the 

means of the variables. 

Therefore, to test the hypotheses presented in equations 9-1 and 9-2, it is imperative to 

perform a paired sample t-test for the five (5) selected variables, i.e. work progress, work 

execution rate, defective execution of work rate, expected workforce quantity, and 

average quality of completed project work. Hence, a decision rule was formulated for a 

decision to be taken on the results of the hypothesis. That is, the computed value level of 

significance, i.e. p-value will have to be compared with the hypothesised level of 

significance, i.e. α- value, taken as 5% (0.05). The interpretation is that if the p-value of 

a selected variable is less than the hypothesised α- value of 0.05, the null (H0) is then 

rejected; otherwise, the null hypothesis is accepted. This can be demonstrated by 

computing the t-statistics of the selected variables, as presented in Table 9-2. From the 

results of the computed t-statistics, it can be seen that the p-value of each of the selected 

variables is greater than the hypothesised significance level of 0.05. This means that the 
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null hypothesis for the five (5) are accepted, and hence the alternate hypothesis is rejected. 

This suggests that there is no statistically significant difference in the means of the 

selected variables. In other words, it suggests that, irrespective of the time step, there are 

no changes in the behaviour of the selected variables. 

Table 9-2: Paired sample t-test for time step changes 
 

Paired Variables 

Paired Differences 

Mean Stdrd. 

Deviation 

Stdrd. Error 

Mean 
tstat df P-value 

(2-tailed) 

Pair 

1 

Work progress at 

time step of 0.125- 

Work progress at 

time step of 0.0625 

-0.000400 0.035180 0.002270 -0.192638 240 0.847405 

Pair 

2 

Work execution 

rate at time step of 

0.125- Work 

execution rate at 

time step of 0.0625 

-0.000300 0.028140 0.001810 -0.192544 240 0.847479 

Pair 

3 

Defective 

execution of work 

rate at time step of 

0.125- Defective 

execution of work 

rate at time step of 

0.0625 

-0.000088 0.007036 0.000453 -0.194273 240 0.846127 

Pair 

4 

Expected 

workforce quantity 

at time step of 

0.125- Expected 

workforce quantity 

at time step of 

0.0625 

-0.003100 0.136710 0.008810 -0.355062 240 0.722855 

Pair 

5 

Average quality of 

completed project 

work at time step 

of 0.125- Average 

quality of work at 

time step of 0.0625 

-0.000003 0.000031 0.000002 -1.462796 240 0.144831 

 

 

Figure 9-5: Numerical integration                    Figure 9-6: Numerical integration 

method (Euler)       method (RK4) 
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Similarly, to assess whether or not the model passed the integration error test, the 

integration method used in the model was changed from the Euler method to the RK4 

method, and then the model was run again, as presented in Figures 9-5 and 9-6, based on 

the recommendation of Sterman (2000). This is significant in assessing variations of 

changes in the observed output behaviours of the relevant selected variables. Hence, the 

test is performed by formulating a hypothesis stating that there is no statistically 

significant difference between the various means of the selected relevant variables for 

both numerical integration methods (i.e. Euler method and RK4 method) using the 

initially adopted time step of 0.125. The hypothesis representations in equations 9-3 and 

9-4 were formulated with null (H0) and alternate (H1) mathematical notations 

respectively.  

H0: μEuler 0.125- μRK4 0.125=0                   i.e., H0: μD=0    (eqn. 9-3) 

H1: μEuler 0.125- μRK4 0.125≠0                   i.e., H1: μD≠0    (eqn. 9-4) 

Where μ indicates the mean of the selected variables and μD indicates the difference in the 

means of the variables. 

However, as in the test on time step described above, a paired sample t-test was performed 

for the five (5) selected variables, i.e. work progress, work execution rate, defective 

execution of work rate, expected workforce quantity, and average quality of completed 

project work, and used to test the hypotheses presented in equations 9-3 and 9-4. Also, a 

decision rule was formulated to test if there were any statistical differences between the 

behaviours of simulation outputs performed using the Euler method and the RK4 method. 

That is, the computed p-value will have to be compared with the hypothesised level of 

significance, taken as 5% (0.05). The interpretation is that, if the p-value of a selected 

variable is less than the hypothesised significance level (i.e. α- value of 0.05) the null (H0) 

is then rejected, otherwise the null hypothesis is accepted. This can be demonstrated by 

computing the t-statistics of the selected variables, as presented in Table 9-3. From the 

results of the computed t-statistics presented in Table 9-3, it can be seen that the 

significance values of the selected variables are greater than the hypothesised α- value of 

0.05. This means that the null hypothesis for the five (5) are accepted, and hence the 

alternate hypothesis is rejected.  This suggests that there is no statistically significant 

difference in the means of the selected variables. In other words, it suggests that, 

irrespective of the numerical integration method adopted, there are no changes in the 

behaviours of the selected variables. 
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Table 9-3: Paired sample t-test for numerical integration method changes 
 

Paired Variables 

Paired Differences 

Mean Stdrd. 

Deviation 

Stdrd. 

Error Mean 
tstat df P-value 

(2-tailed) 

Pair 

1 

Work progress at 

time step of 0.125 

with Euler 

integration 

method- Work 

progress at time 

step of 0.125 with 

RK4 integration 

method 

-0.000900 0.068080 0.004390 -0.207999 240 0.835406 

Pair 

2 

Work execution 

rate at time step of 

0.125 with Euler 

integration method 

- Work execution 

rate at time step of 

0.125 with RK4 

integration method 

-0.000700 0.054460 0.003510 -0.207932 240 0.835459 

Pair 

3 

Defective 

execution of work 

rate at time step of 

0.125 with Euler 

integration method 

- Defective 

execution of work 

rate at time step of 

0.125 with RK4 

integration method 

-0.000183 0.013615 0.000877 -0.208737 240 0.834830 

Pair 

4 

Expected 

workforce quantity 

at time step of 

0.125 with Euler 

integration method 

- Expected 

workforce quantity 

at time step of 

0.125 with RK4 

integration method 

-0.005300 0.263330 0.016960 -0.314820 240 0.753172 

Pair 

5 

Average quality of 

completed project 

work at time step 

of 0.125 with Euler 

integration method 

- Average quality 

of work at time 

step of 0.125 with 

RK4 integration 

method 

-0.000006 0.000068 0.000004 -1.437497 240 0.151879 

 

9.2.5 Behaviour Reproduction Test 

The behaviour reproduction test serves a specific purpose in a modelling process. Sterman 

(2010) highlighted the purpose of the behaviour reproduction test as to:  

▪ Qualitatively and quantitatively generate the model behaviour of interest in the 

system 
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▪ Generate the symptoms of difficulty motivating the study endogenously, and  

▪ Produce the different modes of the model behaviour observed in the real system.  

As shown in Figure 9-7, the baserun output behaviour of selected variables is presented. 

The variables are: work to be executed, work properly accomplished, quality defects, and 

accumulated completed project work. The various patterns are in tune with real life 

scenarios of typical highway project delivery in Nigeria. The behaviour outputs are 

representations of discussions with stakeholders with requisite experience in highway 

infrastructure development in Nigeria, and thus an illustration of the contextual  dynamic 

issues in line with the recommendation of Boateng (2015).  

Figure 9-7: Behaviour reproduction test for work to be executed, work properly 

accomplished, quality defects, and accumulated completed project work 

 

9.2.6 Boundary Adequacy Test 

The boundary adequacy test is conducted on the model to assess the suitability of the 

model boundary for the purpose under consideration (Sterman, 2000). The test considers 

the structural relationships in the model and ensures that the structures and concepts for 

addressing the issues for which the model is designed are endogenous to the model and 

satisfy the model’s purpose. It considers conceptualising additional structures that might 

influence the behaviour of the model. Senge and Forrester (1980) and Sterman (2000) 

asserted that, if the additional structure has no impact on the behaviour of the model, the 

researcher can decide to retain or omit the structure. The model boundary chart for this 

study is presented in Figure 8-1 in Chapter 8, which is considered one of the valuable 

tools for performing a boundary adequacy test. Aside from the model boundary chart, the 

CLD was validated qualitatively through a series of interviews held with stakeholders 

with significant experience in highway infrastructure development in Nigeria (see section 
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7.4.5). The feedback from these interviews indicated that the research study captured 

important variables relating to highway infrastructure, though with room for 

improvement (which was incorporated into the revised integrated model) (see Figure 8-

6).  

Furthermore, based on the recommendations of Senge and Forrester (1980) and Sterman 

(2000), the model behaviour was assessed by modifying the model boundary 

assumptions, to ascertain if the behaviour would significantly change. The model was 

modified to include additional structure not incorporated earlier, whereby one exogenous 

variable was made endogenous, as recommended by Senge and Forrester (1980). Lack of 

skilled labour workforce, which was initially exogenous, was made to vary with the state 

of project completion and amended to interact with other model variables (see Figure 9-

8), based on discussions with stakeholders. The stakeholders revealed that, based on their 

experience in highway project development, the skills of the labour workforce tend to 

improve as the project progresses and nears completion, and at a rate comparative to the 

state of project completion, i.e. ratio of completed work. For instance, S_01 stated that 

“Well, I think the skills of the workforce improves as the project progresses”. Also, S_05 

shared a similar opinion saying that, “The workforce skills tend to improve significantly 

with the progress of projects because they become more involved in the process”. Also, 

S_06 mentioned that “The labour workforce gain more expertise when fully involved 

throughout the construction process, particularly towards the end of the project”. 

Therefore, lack of skilled labour workforce was modified: from an exogenous variable of 

0.58 in the initial model to be endogenous and vary at a proportional rate with state of 

project completion. This is presented in the upgraded version of the model (see Figure 9-

8) as well as the modified variable model algorithm presented below. 

Hence, the equation for lack of skilled labour workforce is modelled as: 

Lack of skilled labour workforce= 0.96*MAX (Ratio of completed project work, 0.67) 

(Units: Dimensionless) 

Furthermore, discussion with stakeholders revealed that the work acceptance rate, which 

was considered to be 0.8 (i.e. 80%) in the initial model (see Figure 8-9 and model 

algorithms in section 8.3.4), was too low  considering that work has to go through quality 

inspection before the client grants any approval for the contractor to proceed. Hence, a 

proposed acceptance rate of approximately 90% (i.e. 0.9) should be considered. The 

model algorithm for work acceptance rate was therefore modified from 0.8 to 0.9 as 

presented below: 
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Work acceptance rate = 0.90 (Units: Dimensionless) 

The upgraded version of the model is presented in Figure 9-8. Due to the modification of 

some of the model algorithms, the dimensional consistency test was conducted to ensure 

that the model was devoid of any dimensional inconsistencies. The upgraded model 

presented in Figure 9-8 was used to conduct subsequent model verification tests. 

 

Figure 9-8: Integrated SFD incorporating lack of skilled labour workforce as an 

endogenous variable 

 

9.2.7 Extreme Condition Test 

The extreme condition test entails evaluating how sound and robust the model is, based 

on its response to the variables exposed to extreme values. This test assesses the model 

equations and checks whether or not they still make any sense when subjected to extreme 

conditions (Barlas, 1996, Sterman, 2000). In order to test and validate the model against 

this structure-oriented test, the model was subjected to extreme values of input variables 

to some selected model equations. Because the variables and parameters of the model are 

interwoven with each other, setting the variables in each equation to extreme values 

implies changing each of the variables to a constant. During the test, inputs to each of the 

selected equations were assigned extreme values such as 0, 1, 100% and 100,000, and 

then the model was simulated to ensure that the selected equations still made sense, 

without any irrational responses in terms of the values of the outputs (Kotir et al., 2016). 

When extreme values are assigned to each of the selected equations, the entire model is 

simulated in each case, and the results are presented in Figures 9-9 to 9-18. 
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o Simulation Results of the Extreme Condition Test 

The model in Figure 9-8 was used to conduct the simulations of the extreme condition 

test. However, the variable political instability which affects the progress of work by 

decelerating work progress was initially modelled as a constant of 87%, i.e. 0.87 (See 

section 8.3.4).  

Political instability = 0.87 (Units: dimensionless) 

Therefore, to perform the extreme condition test, political instability was set at zero (0) 

and the model was then simulated to observe any irrational behaviour. The simulated 

results presented in Figure 9-9 suggest that work to be executed remained constant at 

1000 tasks, representing 100 km of road length, while work progress, work execution 

rate, and defective execution of work all stayed constant at zero (0). The behaviour output 

is compatible with real life considering that, when political instability is set at zero 

(signifying a very highly unstable political environment), there would be constant 

changes in political institutions, resulting in no progress in any projects. 

 

Figure 9-9: Extreme condition test-political instability set at 0 

Similarly, political instability was set to a higher value of 1, i.e. 100%, representing a 

highly stable political environment, and then the model was simulated to observe any 

unrealistic behaviour. The simulated outputs presented in Figure 9-10 suggest that work 

to be executed reduces from 1000 tasks (representing 100 km of road length) at the initial 

project start time to about zero (0) tasks (representing zero (0) km of road length) at about 

120 months, i.e. project completed, whereas work properly accomplished rises to 

approximately 990 tasks (representing about 99 km of road length) at about 120 months. 
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Also, work execution rate peaks at approximately 42.5 tasks/month at 47 months, with 

defective execution of work peaking at about 4.5 tasks/month at 47 months. This 

behaviour is reasonable considering a value of political instability of 100% (i.e. 1), which 

represents a highly stable political environment with no political uncertainty. 

 

Figure 9-10: Extreme condition test-political instability set at 1 

The initial number of project tasks is modelled as a constant variable of 1000 project 

tasks, representing 100 km of road length (See section 8.3.4). Therefore, it is represented 

as: 

Initial number of project tasks = 1000 (units: dimensionless) 

During the test, the initial number of project tasks was set at an extreme lower value of 1 

task, and then the model was simulated. The simulated output behaviour presented in 

Figure 9-11 suggests that work to be executed drops from the initial 1 task (representing 

100 km of road network) to zero (0) project tasks (representing 0 km of road network) at 

about 144 months, i.e. the project is completed, while the accumulated completed project 

work rises from zero (0) tasks to 1 project task (representing 100 km of road network) at 

about 144 months. Also, the ratio of completed project work rises to 1 (representing 

100%) at about 144 months. This is a rational expectation. 
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Figure 9-11: Extreme condition test-initial work to be executed set at 1 task 

Similarly, the initial number of project tasks was set to an extreme large value of 100,000 

and then the model was simulated to observe the behaviour. The simulated output 

behaviour presented in Figure 9-12 suggests that work to be executed drops from the 

initial 100,000 tasks (representing 100 km of road network) to zero (0) project tasks 

(representing 0 km of road network) at about 144 months, i.e. the project is completed, 

while the accumulated completed project work rises from zero (0) tasks to 100,000 project 

tasks (representing 100 km of road network) at about 144 months. Also, the ratio of 

completed project work rises to 1 (representing 100%) at about 144 months. This is a 

reasonable expectation. 

 

Figure 9-12: Extreme condition test-initial work to be executed set at 100,000 tasks 
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Work progress relates to the progress made during the project construction and is 

modelled to be equal to the product of the efficiency of contractor and personnel and the 

project labour workforce committed to the project by the contractor. Also impacting the 

work progress are political instability, social issues, and adverse weather conditions 

(rainfall), which often affect the pace of work and thus slow down the progress of work 

(See section 8.3.4). Hence, work progress is modelled as: 

Work progress = (Project labour workforce committed to project*Efficiency of 

contractor and personnel) *Political instability*Social issues*"Adverse weather 

condition (rainfall)" (Units: Tasks/Month) 

During the test, work progress was set at 0.0416667 tasks/month (representing 0.5 

tasks/year) and then the model was simulated. The simulated output behaviour presented 

in Figure 9-13 suggests that work to be executed remains fairly constant at 1000 tasks 

(i.e. 100 km of road network) and drops slightly to about 990 tasks at about 162 months, 

whereas accumulated completed project work remains at approximately zero (0) and 

slightly rises to about 10 tasks in about 162 months. This behaviour is a rational 

expectation considering the slow rate of project execution. 

 

Figure 9-13: Extreme condition test-work progress set at 0.0416667 tasks/month 

Similarly, work progress was set at a higher value of 100 tasks/month and then the model 

was simulated to observe the behaviour. The simulated output behaviour presented in 

Figure 9-14 suggests that accumulated completed project work rises from zero (0) tasks 

to 1000 tasks at about 11 months, whereas work to be executed decreases from 1000 tasks 

to zero (0) at about the same time of 11 months. This is a rational expectation. 
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Figure 9-14: Extreme condition test-work progress set at 100 tasks/month 

Thus, efficiency of contractor and personnel is modelled as: 

Efficiency of contractor and personnel = WITH LOOKUP (Work to be executed/Initial 

work to be executed) *Lack of skilled labour workforce ([(0,0)-

(1000,1.2)],(0,0.40),(150,0.85),(250,0.9),(300,0.95),(600,1),(1000,1) ) (Units: 

Tasks/person/Month) 

During the test, efficiency of contractor and personnel was set at an extreme low value of 

zero (0) and then the model simulated. The simulated output behaviour presented in 

Figure 9-15 suggests that work to be executed remains constant at 1000 tasks 

(representing 100 km of road network), whereas work properly accomplished remains at 

zero (0). Also, work progress stays constant at zero (0), signifying that there is no progress 

at all. This expectation is reasonable. 

 

Figure 9-15: Extreme condition test-efficiency of contractor and project personnel 

set at 0 
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Similarly, efficiency of contractor and personnel was set at an extreme higher value of 

100,000 tasks/person/month and then the model simulated to observe the output 

behaviour. The simulated results presented in Figure 9-16 suggest that work progress 

surges to 230,000 tasks/month at about 0.125 months, defective execution of work also 

surges to 25,000 tasks/month at approximately 0.125 months. In addition, quality defects 

stay insignificant (and almost constant) because the work acceptance rate is skewed 

towards the work properly accomplished, and thus most of the work would have been 

properly accomplished. This is a rational expectation. 

 

Figure 9-16: Extreme condition test-efficiency of contractor and project personnel 

set at 100,000 

Based on discussion with stakeholders, work acceptance rate was modified from 0.80 (i.e. 

80%) to 0.90 (i.e. 90%). Therefore, work acceptance rate is modelled as a constant of 0.90 

and is used in the modified model (see section 9.2.5). 

Work acceptance rate = 0.90 (Units: Dimensionless) 

During the test, work acceptance rate was set at an extreme value of zero (0) and then the 

model was simulated. The simulated results presented in Figure 9-17 suggest that work 

to be executed drops to about 950 tasks at about 48 months, which is the initial project 

completion period, whereas accumulated completed project work rises to about 50 tasks 

at the same time of 48 months before settling at a constant rate. Also, the average quality 

of completed project work remains constant at zero (0), because no work was performed. 

This is a reasonable expectation. 
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Figure 9-17: Extreme condition test-work acceptance rate set at 0 

Similarly, work acceptance rate was set at a higher value of 1 (which represents 100% 

acceptance rate), and the model was simulated. The simulation results presented in Figure 

9-18 suggest that the average quality of completed project work remains constant at 1 

throughout the project duration. Also, work to be executed drops to about 30 tasks at 

about 96 months, while the accumulated completed project work rises to about 30 tasks 

at the same 96 months of project time. This expectation is rational. 

 

Figure 9-18: Extreme condition test-work acceptance rate set at 1 

9.3 Simulation Outputs of Some Selected Variables after Model Verification and 

Validation 

After testing the model, the simulation results of some selected variables are presented in 

Figures 9-19 to 9-23. The simulation results were obtained with the Euler method of 

integration, a time step of 0.125, and a time unit of one month. 
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Figure 9-19: Comparison of simulation results of selected variables (ratio of 

completed project work and work progress) 

The simulation results presented in Figure 9-19 suggest that work progress is slow at the 

initial stages of the project, then rises abruptly between 36 months and 60 months of the 

project period, before slowing down again. Also, the ratio of completed project work rises 

and achieves a significant fraction of 0.97 completion by project time 96 months, with 

the project expected to be completed at about 138 months. 

 

Figure 9-20: Comparison of simulation results of selected variables (labour 

workforce, project labour workforce committed to project, required labour 

workforce and net hiring of labour workforce) 

The simulation results presented in Figure 9-20 suggest that the required labour workforce 

increases rapidly and decreases along with the labour workforce and project labour 

workforce committed to the project and slightly above the labour workforce and the 
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project labour workforce committed to the project. This resulted in a positive behaviour 

in the net hiring of labour workforce between 36 months and approximately 47 months, 

and thus a negative behaviour pattern at between 47 months and approximately 84 months 

of the project. 

Figure 9-21: Comparison of simulation results of selected variables (work to be 

executed, accumulated completed project work, work properly accomplished, and 

quality defects) 

The simulation results presented in Figure 9-21 suggest that, with work to be executed 

dropping from the initial 1000 project tasks (representing 100 km of road network) to 

about 30 project tasks in month 96, the work with quality defects rises to a peak at about 

3.8 project tasks in 50 months, before dropping to about 0.2 project tasks at 96 months. 

The amount of work properly accomplished rises to about 970 tasks at month 96, because 

most of the work with quality defects has been detected. Furthermore, the accumulated 

completed project tasks shows a similar simulation trend with the work properly 

accomplished, mainly because most of the work is properly completed. 
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Figure 9-22: Comparison of simulation results of selected variables (accumulated 

completed project work, work properly accomplished, and quality defects) 

The simulation results presented in Figure 9-22 suggest that, as the project progresses 

towards the anticipated completion period of 48 months, the proportion of work with 

quality defects tends to rise to about 3.8 tasks. The proportion of work with quality defects 

is low, because a significant portion of the work has been certified to have met the quality 

standards set out by the client, and most of the work with quality defects is likely to be 

detected during the project evaluation process. However, despite the small proportion of 

work with quality defects, most of the work with quality defects that is detected will be 

fed back into the work to be executed, thereby increasing the likelihood of delaying the 

project. 

 
Figure 9-23: Comparison of simulation results of selected variables (probability of 

quality defects, work to be executed, work properly accomplished, quality defects, 

and detecting quality defects rate) 
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The simulation results presented in Figure 9-23 show that, as the proportion of work with 

quality defects rises and falls between 40 months and 68 months, the rate of quality defect 

detection rises and falls between 36 months and 60 months, peaking at about 47 months. 

This is because significant effort is dedicated to supervision by the client (or client’s 

representative) to identify the portion of work with defect issues, considering the high 

probability of discovering such quality issues. However, the proportion of work with 

quality defects is small because most of the work is properly completed, and a significant 

proportion of work with quality defects has been detected (i.e. 80%) and thus fed back 

into the work to be executed stock.  

9.4 Policy Scenario Analysis 

Once confidence in the model has been achieved, the final step is to evaluate alternative 

new policies that will improve the entire system. In order to fulfil this requirement, the 

modelling process must identify policies that result in system improvement, i.e. those 

policies that must be implemented for enhanced system performance. A policy is a 

decision rule: a general way of making decisions. In practice, assessing the impact of a 

model is extremely difficult. It is hard to assess the extent to which the modelling process 

will change people’s mental models and beliefs. It is rare for clients to adopt the 

recommendations of any model promptly or without modification (Boateng, 2015). 

In this last step, the alternative policies are designed (and tested by simulation runs). 

However, because exploring the effects of policy interventions and conducting policy 

experiments with alternative formulations is not feasible in the real system, it is 

imperative to perform these experiments using computer simulations to test what-if 

scenarios. This approach relies on trial and error simulation, involving changing the 

values of parameters or switching individual links and feedback loops on and off, in order 

to discover important elements of the system and thus derive policy recommendations 

(Saleh et al., 2010). 

In this study, a series of descriptive scenarios is presented, including: business as usual 

(BAU) (Scenario One); improvement in the skill of labour workforce and reduced 

political uncertainty (Scenario Two); proactive approach to workforce commitment 

(Scenario Three), and a combination of all the policies (Scenario Four). Specifically, a 

comparison is made between the baserun scenario and a situation where these 

interventions were put in place. 
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Scenario One: BAU 

The BAU scenario was run over the simulated period of 240 months. The BAU assumed 

that the current prevailing conditions and trends related to cost performance of highway 

projects in Nigeria would remain the same, without any policy change, as represented in 

the verified integrated model in Figure 9-8. The outputs of the model simulations for the 

BAU are presented in Figures 9-19 to 9-23. The BAU is the benchmark for all proposed 

intervention scenarios, as it forms the yardstick for comparison with other proposed 

scenarios. The BAU presents a scenario where highway projects targeted at a 48-month 

completion period may take up to 138 months to complete.  

Scenario Two: Improvement in the skill of labour workforce (by 50 percent) and 

reduced political uncertainty (by 10 percent) 

In the integrated model, lack of skilled labour workforce was modelled to vary with the 

ratio of completed project work and was observed to vary from 68% at the early stages 

of the project to approximately 96% as the project nears completion, as depicted in Figure 

9-24 under the BAU simulation outputs. The improvement in the skill of labour workforce 

is a reasonable outcome as the project progresses, due to knowledge gained by the labour 

workforce during the construction process.  

Lack of skilled labour workforce= 0.96*MAX (Ratio of completed project work, 0.67) 

(Units: Dimensionless)  

However, by recruiting labour workforce with significant knowledge and experience in 

the provision of highway infrastructure, lack of skilled labour workforce can be 

depressed, meaning increased skills of the labour workforce. Therefore, postulating the 

factor 0.96 in the algorithm for lack of skilled labour workforce is improved by 50% to 

0.48, meaning the algorithm becomes:   

Lack of skilled labour workforce= 0.48*MAX (Ratio of completed project work, 0.67) 

(Units: Dimensionless)  
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Figure 9-24: Simulation result of lack of skilled labour workforce under BAU and 

improved skills of labour workforce 

Based on the improvement in skill of labour workforce, the simulation result suggests 

lack of skilled labour to vary from about 32% at the early stages of the project to 

approximately 48% as the project nears completion. 

Similarly, in the initial model, political instability was modelled as a constant with a value 

of 87% as depicted in Figure 9-25. The model algorithm is given below: 

Political instability = 0.87 (Units: dimensionless)  

However, having a more stable political environment signifies reducing the political 

uncertainty. Hence the political uncertainty is reduced by 10%, so that the algorithm 

becomes: 

Political instability = 0.96 (Units: dimensionless)  

 

Figure 9-25: Simulation result of political instability under BAU and reduced 

political uncertainty 
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Therefore, the improvement in the skills of labour workforce and reduced political 

uncertainty will have an impact on the system, as observed in some variables’ modes of 

behaviour. The impact of the improvement will result in enhanced efficiency. This can be 

seen through the variable “expected efficiency”, which in the BAU simulation result rises 

to about 0.40 task/person/month, before flattening off at about 0.18 task/person/month as 

the project nears completion towards 138 months, as presented in Figure 9-26. However, 

due to the improvement in skill of labour workforce and reduced political uncertainty, the 

efficiency improves and rises to about 0.89 task/person/month, before flattening off at 

about 0.36 task/person/month as the project nears completion towards 132 months, as 

shown in Figure 9-26. 

 

Figure 9-26: Simulation results of expected efficiency under BAU and improved 

skills of labour workforce and reduced political uncertainty 

The improved skills of labour workforce and reduced political uncertainty resulted in the 

required labour workforce to be less than in the BAU, peaking at about 340 persons as 

against 355 in the BAU towards the initially project completion time before dropping off 

to 16 persons as against 22 persons in the BAU at about 96 months as presented in Figure 

9-27. This improvement in the required labour workforce could be attributed to the 

significant improvement in the expected efficiency of labour workforce as a result of the 

improved skill of labour workforce and reduced political uncertainty. 
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Figure 9-27: Simulation results of required labour workforce under BAU and 

improved skills of labour workforce and reduced political uncertainty 

With the improved skills of labour workforce and reduced political uncertainty, the work 

to be executed drops from the initial 1000 project tasks to 25 tasks in month 96, 

representing 2.5 km of road network and an expected completion period of 132 months, 

as depicted in Figure 9-28. This is in contrast to the simulation result of the BAU scenario, 

where the work to be executed drops from 1000 tasks to about 30 tasks at 96 months, with 

the expectation of completing the project at 138 months.  

 

Figure 9-28: Simulation results of work to be executed under BAU and improved 

skills of labour workforce and reduced political uncertainty 

At the same time, the accumulated completed project work rises to about 975 tasks at 96 

months, with an expected completion period of 132 months, as shown in Figure 9-29, as 

against the BAU scenario where the simulation results show that accumulated completed 
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project work rises to about 970 tasks at 96 months, with a completion period of 138 

months. 

 

Figure 9-29: Simulation results of accumulated completed project work under 

BAU and improved skills of labour workforce and reduced political uncertainty 

 

Scenario Three: Proactive approach to workforce commitment (by increasing the 

proportion of labour workforce by 15 percent) 

The third policy to be tested relates to the proportion of labour workforce committed to 

the project. In the basic model, the fraction of labour workforce committed to the project 

is modelled as a constant of 85% (i.e. 0.85), signifying that not all of the labour workforce 

is committed to the project by the contractor during the lifecycle of the project.  

Fraction of labour workforce committed to the project = 0.85 (Units: Dimensionless)  

However, by proactively deploying a significant proportion of labour workforce, which 

was performed by modifying the algorithm of the fraction of labour workforce committed 

to the project through a 15% increase (from 85% (i.e. 0.85) to 98% (i.e. 0.98)) as presented 

in the equation below: 

Fraction of labour workforce committed to the project = 0.98 (Units: Dimensionless)  

The proactive approach has an effect on work progress, work to be executed, and 

accumulated completed project work. It can be seen in Figure 9-30 that, at the early stages 

of the project, the work progress for the improved workforce commitment is 

approximately 7 tasks/month as against the BAU simulation result of 5.5 tasks/month. 

This suggests that the effort committed to work progress towards the end of the project is 

reduced, as shown in the result, with 1.3 tasks/month at 96 months as against 2.5 
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tasks/month in the BAU scenario. It can be deduced that, with proactive deployment of 

labour workforce, significant progress will be achieved early in the life of the project, 

peaking at the initially agreed project completion period, before levelling off towards the 

expected completion period of 128 months. 

 

Figure 9-30: Simulation results of work progress under BAU and proactive 

approach to labour workforce commitment 

Furthermore, the effect of this proactive approach can be seen in the changes to the project 

completion period through work to be completed and accumulated completed project 

work (Figures 9-31 and 9-32). It can be observed that the work to be executed drops from 

the initial 1000 tasks to approximately 20 tasks at 96 months (representing 2 km of road 

network), with the expected completion period of 128 months. Similarly, the accumulated 

completed project work rises to about 980 tasks at 96 months, before achieving a 

significant amount of work at the expected completion period of 128 months. 

 

Figure 9-31: Simulation results of work to be executed under BAU and proactive 

approach to labour workforce commitment 
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Figure 9-32: Simulation results of accumulated completed project work under 

BAU and proactive approach to labour workforce commitment 

 

Scenario Four: Combination of all the policies (i.e. improved skills of labour 

workforce, and reduced political uncertainty, and proactive approach to labour 

workforce deployment) 

The combination of all the policies (scenario one, scenario two and scenario three ) 

ensures that changes are made to some of the algorithms and the basic model in Figure 9-

8 and then conducting simulation experiments to observe any improvement to the model 

behaviour. Therefore, the model was simulated using combined policy interventions 

through the combination of: skills of labour workforce (which was increased by 50 

percent), political instability (which was reduced by 10 percent), and labour workforce 

committed to the project (which was increased by 15 percent). This allows for a 

comparison of the baseline scenario behaviour with the emerging behaviour. 

For instance, the algorithms for lack of skilled labour workforce and political instability 

were modified to: 

Lack of skilled labour workforce= 0.48*MAX (Ratio of completed project work, 0.67) 

(Units: Dimensionless)  

Political instability = 0.96 (Units: dimensionless)  

Furthermore, the algorithm for fraction of labour workforce committed to project was 

modified to: 

Fraction of labour workforce committed to the project = 0.98 (Units: Dimensionless)  



Chapter 9- Model Testing, Analysis, Policy Evaluation and Discussion                                   

270 
 

Therefore, by merging the effects of all of the policies at the same time, the output 

behaviour of the simulation experiments of selected variables of interest presented in 

Figures 9-33, 9-34, 9-35, and 9-36, suggest that there are significant improvements in 

expected efficiency, required labour workforce, work to be executed, and accumulated 

completed project work as compared to the benchmark scenarios. For instance, the project 

is expected to be completed at about 118 months, which suggests significant improvement 

in the performance of the project and will thus result in significant cost performance 

improvement. 

Therefore, with the combined policies, the impact on the system can be seen to improve 

efficiency. In comparison with the baseline scenario, the simulation result of the variable 

“expected efficiency” improves to about 1.04 task/person/month before levelling off at 

about 0.45 task/person/month as the project nears the 118 months completion period, as 

shown in Figure 9-33. 

Also, with the improved expected efficiency, the labour workforce required is less than 

in the BAU scenario, peaking at about 323 persons (as opposed to 350) towards the initial 

project completion time, before dropping off to 8 persons (as opposed to 22 persons) at 

about 96 months, as presented in Figure 9-34. This improvement in the required labour 

workforce could be attributed to the significant improvement in the expected efficiency 

of labour workforce as a result of the combination of the policies, i.e. improved skills of 

labour workforce, reduced political uncertainty, and proactive approach to labour 

workforce commitment. 

Figure 9-33: Simulation results of expected efficiency under BAU, and combined 

policies 
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Figure 9-34: Simulation results of required labour workforce under BAU, and 

combined policies 

Based on the simulation results presented in Figure 9-35, as a result of the combined 

policies intervention, it can be seen that the work to be executed drops from the initial 

1000 tasks to about 8 tasks at 96 months, with an expected completion period of 118 

months. Similarly, the accumulated completed project work rises to about 992 tasks at 96 

months, before achieving a significant amount of work at the expected completion period 

of 118 months, as presented in Figure 9-36. This is a significant improvement when 

compared to the baseline scenario completion period of 138 months. 

 

Figure 9-35: Simulation results of work to be executed under BAU and combined 

policies 
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Figure 9-36: Simulation results of accumulated completed project work under 

BAU and combined policies 

 

9.5 Discussion of Results 

The present study was designed to model project management dynamics in the highway 

sector of the Nigerian construction industry, focusing specifically on the key driving 

factors of cost overruns. The intent was to develop a method and technique whereby cost 

performance of key highway projects in Nigeria could be appropriately managed and 

improved. The study was conducted by identifying the factors that impact on the cost 

performance of highway projects in Nigeria, and investigating the dynamic interactions 

between these identified factors, using the philosophy and methodology of SD. To do 

this, information and viewpoints were elicited from stakeholders responsible for highway 

infrastructure development in Nigeria, through a well-structured exploratory process. Key 

driving factors and causal relationships were identified by analysing the information from 

the stakeholders’ mental database, and causal relations were also elicited from the textual 

database (literature-based sources). Through this endeavour, a conceptual SD model that 

captured the holistic and contextual dynamic representation of the system was developed, 

as presented in Figure 8-6 in chapter 8. The conceptual model will be of value to 

stakeholders in the highway sector of the Nigerian construction industry in understanding 

the factors impeding cost performance, and identifying key action points for cost 

performance improvement, as it incorporates the key factors that influence the cost 

performance outcomes of highway projects. The conceptual model forms the basis for the 

formal modelling endeavour which is key to this research. 
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Developing a formal simulation model was achieved using the approach of SD, based on 

the platform of Vensim. The key structural elements of the conceptual model (that 

described a typical contextual construction management system) were transformed into a 

simulation model to develop algorithms for the cause and effect relationships between the 

key variables of the model. Although the model developed exhibits similarities to the 

structures of existing project management models developed by Ogano and Pretorius 

(2017) (electricity energy projects), and Wang and Yuan (2017), Ansari (2019), and Al-

Kofahi et al. (2020) (infrastructure projects), it has certain modifications: additional key 

driving factors relevant to highway projects in Nigeria, such as adverse weather, social 

issues, lack of skilled labour workforce, and political instability, leading to new 

knowledge contribution, as presented in Figure 8-9. In order to develop confidence in the 

model in terms of usefulness and soundness, several direct and indirect tests (such as 

dimensional consistency test, parameter confirmation test, boundary adequacy test, 

structure confirmation test, integration error test, and sensitivity analysis using extreme 

condition test) were performed, as recommended by Senge and Forrester (1980), Barlas 

(1996), and Sterman (2000). The model passed all the tests and therefore the model 

developed is considered to be sound and useful for its intended purpose. Furthermore, the 

verified model presented in Figure 9-8 and the simulation results were presented to six 

(6) stakeholders in the Nigerian highway sector, who concurred that the simulation results 

replicate the contextual reality of highway project dynamics, and thus buttressed the 

confidence in the resultant model and its outputs. For instance, S_04 mentioned that, “I 

think the model is very useful because it has captured the contextual issues affecting the 

delivery of highway projects. You can also see from the results which are clear 

representation of the Nigerian context”. S_06 also shared similar view saying that “The 

model results are just what is happening in Nigeria with projects spanning more than 10 

years. So, I think the model is a valuable tool that can be used in highway projects 

development”. Also, S_02 asserted that “This is all what is going on with highway 

projects in Nigeria and the results have clearly made that point”. 

As identified in the literature in chapter 2, and supported by the findings of the analysis 

of interviews presented in chapter 7, a key driving factor of cost overrun in most 

developing countries (including Nigeria) is delay in work progress, as documented by the 

works of Mansfield et al. (1994) and Anigbogu et al. (2019) in Nigeria, Singh (2010) in 

India, Kaliba et al. (2009) in Zambia, and Wijekoon and Attanayake (2013) in Sri Lanka. 

Highway projects in Nigeria are contractually due to be completed in 48 months. The 
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simulation results of the verified model presented in Figure 9-8 suggest that, as the project 

progresses towards the anticipated completion period of 48 months, the proportion of 

work with quality defects tends to rise to about 3.8 tasks. This is quite a low figure, 

because a significant portion of the work has already been certified to have met the quality 

standards set out by the client, and most of the work with quality defects is likely to be 

detected during the project evaluation process. However, despite the small proportion of 

work with quality defects, most of the work with quality defects that is detected will be 

fed back into the work to be executed, thereby increasing the likelihood of delaying the 

project. Moreover, the simulation results demonstrate that, as work to be executed drops 

from the initial 1000 project tasks (representing 100 km of road network) to about 30 

project tasks in month 96, the work with quality defects rises to peak at about 3.8 project 

tasks in 50 months, before dropping to about 0.2 project tasks at 96 months. The amount 

of work properly accomplished rises to about 970 tasks at month 96, because most of the 

work with quality defects has been detected. Furthermore, the accumulated completed 

project tasks shows a similar simulation trend with the work properly accomplished, 

mainly because most of the work is properly completed. As presented, only about 500 

project tasks (representing half of the overall project tasks) are completed at the planned 

project completion period of 48 months, which suggests that highway projects in Nigeria 

often experience significant delay and eventual cost overruns.  

Likewise, the simulation results of the model presented in Figure 9-8, under the baseline 

scenario which assumes that the current prevailing conditions and trends in project cost 

performance of highway projects in Nigeria will remain the same, clearly signify that 

highway projects in Nigeria may take up to 138 months to complete. This is an expected 

scenario and provides clear evidence that significant delay in work progress (which has 

been identified from the data analysis presented in chapter 7 as the top driving factor of 

cost overrun) is the main challenge impacting the cost performance of highway projects 

in Nigeria. For instance, as evidenced in key highway projects in Nigeria, project 

completion rates at the time of this research were just: 48.53% (Kano-Maiduguri (section 

I: Kano-Wudil-Shuari)), 56.47% (Kano-Maiduguri (section II: Shuari-Azare)), 88.95% 

(Abuja-Abaji-Lokoja (section I: International airport link road junction-Sheda village 

junction)), 45.46% (Lagos-Shagamu-Ibadan (section I: Lagos-Shagamu)), 22.82% 

(Lokoja-Benin (section III, phase I Auchi-Ehor; Obajana junction-Benin)), and 38.19% 

(Otoucha-Ibaji-Odulu-Ajegwu road: Ibaji section), and have been lingering for close to 

or more than a decade.  
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From the outcome of the simulation results in the baseline scenario, it can be deduced 

that the dynamic interactions between the key driving factors have exacerbated the delay 

in progress of work, thereby extending the completion of highway projects beyond the 

expected completion period, which has been identified as having a significant 

consequence on the cost performance of key projects. Therefore, in order to minimise the 

risk of cost overrun in projects through delay in achieving timely delivery, alternative 

policies were designed and tested by simulation runs, because it was not feasible to 

conduct policy experiments with alternative formulations in the real system. 

Policy scenario 2 involves improving the skills of labour workforce by 50% and reducing 

political uncertainty by 10%. This has the effect of enhancing the efficiency of contractor 

and workers, rising to about 0.89 task/person/month before flattening off at about 0.36 

task/person/month as the project nears completion towards 132 months. Also, the work 

to be executed drops from the initial 1000 project tasks to 25 tasks in month 96, 

representing 2.5 km of road network and an expected completion period of 132 months, 

in contrast to the simulation result of the BAU scenario, where the work to be executed 

drops from 1000 tasks to about 30 tasks at 96 months, with the expectation of completing 

the projects at 138 months. Thus scenario 2 results in an improvement in the delivery 

period of key projects.  

Policy scenario 3 involves adopting a proactive approach to workforce commitment by 

increasing the workforce proportion by 15% and shows that the work to be executed drops 

from the initial 1000 tasks to approximately 20 tasks at 96 months, representing 2 km of 

road network with an expected completion period of 128 months. Similarly, the 

accumulated completed project work rises to about 980 tasks at 96 months before 

achieving a significant amount of work at the expected completion period of 128 months, 

thus resulting in an improvement in the delivery period of key projects. It can be deduced 

that, with proactive deployment of labour workforce, significant progress will be 

achieved early in the life of the project and peaking at the initially agreed project 

completion period, before levelling off towards the expected completion period of 128 

months. 

Policy scenario 4 combines all of the policy interventions, i.e. skill of labour workforce 

(which was increased by 50 percent), political instability (which was reduced by 10 

percent), and labour workforce committed to the project (which was increased by 15 

percent), and thus would be likely to improve the delivery period and eventually the cost 

performance of highway projects in Nigeria. It shows that the work to be executed drops 
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from the initial 1000 tasks to about 8 tasks at 96 months, with an expected completion 

period of 118 months. Similarly, the accumulated completed project work rises to about 

992 tasks at 96 months, before achieving a significant amount of work at the expected 

completion period of 118 months. This policy could improve on the timely delivery of 

projects by 15% and thus result in significant cost savings in the delivery of key highway 

projects in Nigeria. 

Thus, the simulation results derived from the formulated model in this research resulted 

in the development of new knowledge and exploring and conducting policy experiments 

with different policy formulations resulted in significant improvements to the system. 

This model could ensure attainment of significant results if the interventions were applied 

to highway project development in Nigeria, by ensuring that the delivery period of key 

economic projects was considerably reduced and eventually improving the cost 

performance of projects.  

Summary  

This chapter presented the relevant validation and verification tests, and described the 

processes applied in performing each test. Numerous validation tests were performed so 

as to build confidence in the developed model. These tests included both structural and 

behavioural tests. The tests were performed following well guided and established 

procedures. The simulation results of the tests suggested that the model is useful for its 

purpose. Consequently, the chapter presented the simulation results of the validation of 

the model, thus consolidating and reaffirming the empirical rigour in the existing 

relationship between the model structure and the empirical data.  

This chapter also evaluated the effectiveness of the policies in terms of addressing cost 

performance challenges facing highway projects in Nigeria. This assessment was based 

on the judgement of stakeholders and practically testing the behaviour of the model using 

a variety of scenarios. The behaviour of the model at each point of intervention was 

compared with the baseline scenario behaviour, and the resultant outputs were 

documented as a foundation for analysis. The analysis performed in this section resulted 

in an overall conclusion with regard to the degree of effectiveness of the various policies 

mentioned above and the likely outcome of potential policy interventions. The simulation 

results of the interventions suggested that scenario four would provide the maximum cost 

performance benefit, ensuring that the delivery period of key economic projects was 

significantly improved and eventually improving the cost performance of projects. 

Finally, a discussion of the results was presented.
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Chapter 10: Summary of Research Findings, Conclusions, and 

Recommendations 

10.1 Introduction 

Chapter 1 presented the introductory part of this study. Chapters 2 and 3 explored the 

literature review and the background of the study. Chapter 4 examined the research 

methodology, and the suitable research strategies and methods were selected and 

justified. The research process was based on qualitative exploratory interviews. Chapter 

5 presented the coding framework that was employed in the analysis of qualitative data. 

Chapter 6 presented the data collection procedure. Chapter 7 presented the findings from 

the analysis of interview data and discussion. Chapter 8 presented the development and 

description of the proposed conceptual and formal SD models to address the key issues 

discovered. Chapter 9 presented the model testing, analysis, policy evaluation and 

discussions. 

This chapter encapsulates the main findings, conclusions, and recommendations of the 

study. Furthermore, the chapter discusses the conclusions and accomplishment of the 

objectives of the study, to highlight its contribution. Also, the limitations of the study and 

recommendations for further research are presented.  

10.2 Summary of Major Findings 

As stated in the introduction, this study emanated from the premise that cost overruns in 

highway projects are systemic, and efforts to understand the key attributed triggers 

globally (and in particular in the Nigerian context) are mostly based on a positivist 

orientation, which disregards the contextual circumstances in which the cost overrun 

triggers take place, as well as the dynamic and intricate nature of the key contributors 

(Mahmud et al., 2020a). Therefore, the approaches adopted by the reviewed empirical 

works are ineffective in evaluating the systemic and complex nature of these driving 

factors, as explicated by Mahmud et al. (2020b). To help address this issue, the study set 

out to promote understanding of the linkages, interactions, feedbacks, and processes 

amongst the key cost overrun triggers, by developing a computer-based SD model that 

incorporates the intricate and contextual dynamic processes of the project management, 

leadership, macroeconomic, and societal related drivers of cost overruns. This is to 

support pragmatic decision making concerning policy leverages about improving cost 

performance in highway project provision in the Nigerian highway sector of the 

construction industry. In doing so, three research questions were framed:  
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RQ1. How do the driving factors of cost overrun in highway infrastructure projects in 

Nigeria differ from other countries? 

RQ2. How are these explored factors interrelated? 

RQ3. How can the interrelationships that exist between the factors be modelled? 

The above questions resulted in formulating and addressing five distinct objectives, as 

presented in chapter 1, and thus the key findings of the study addressing the formulated 

research objectives are as follows. 

With respect to the analysis of the key driving factors of cost overruns, based on 

interviews with stakeholders, the outcome evidences the circumstantial basis on which 

these triggers emanate within the context of the study. Among the numerous triggers, 

delay in progress of work, political instability, adverse weather, social issues, 

modification of project scope, and delay in payment to contractors were identified as the 

most significant. However, the most significant driver was found to be delay in progress 

of work, which has been recognised as a key driving factor of cost overrun in most 

developing countries, including Nigeria, as documented by the works of Mansfield et al. 

(1994) and Anigbogu et al. (2019) in Nigeria, Singh (2010) in India, Kaliba et al. (2009) 

in Zambia, and Wijekoon and Attanayake (2013) in Sri Lanka. Additionally, the multiple 

triggers were shown to exhibit causal relationships, which explained the intricate nature 

of cost overrun triggers, and thus formed the basis for the transformation of causal 

relations to causal links, buttressed by identified causal relations from literature sources 

and an evaluation process with stakeholders which grounded the development of the 

dynamic hypothesis.  

Using the results of the key drivers and their causal relationships (identified from a 

combination of interviews, literature-based sources, and the evaluation process with 

stakeholders) as a guide, a conceptual model was developed, enabling a better 

understanding of the interactions and interdependencies of the key cost overrun triggers 

at play in the development of highway projects by the use of feedback loops. The 

integrated conceptual model is governed by numerous feedback processes producing 7 

feedback loops, with 3 reinforcing (positive) and 4 balancing (negative) loops, signifying 

the complex feedback structure that determines the dynamic behaviour of the system. 

Accordingly, key parts of the CLD (Loops R3 and B4), which described the dynamic 

interactions inherent in a typical highway infrastructure development in Nigeria, were 

converted, expanded, and numerically structured in terms of SFDs consisting of two 
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subsectors linked into a single system model simulating the interactions between the 

dynamics regarding project tasks and quality issues, and dynamics of workforce, in a 240-

months’ time period, to gain an insight into the contextual dynamic behaviour of the 

system. The formulated model description of the feedback loops exhibit similarities to 

the structures of existing project models developed by Ogano and Pretorius (2017) 

(electricity energy projects) and Wang and Yuan (2017), Ansari (2019), and Al-Kofahi et 

al. (2020) (infrastructure projects), except for the modification of additional key driving 

factors relevant to highway projects in Nigeria (that were obtained from interviews with 

stakeholders) in order to understand the system and contextual dynamic behaviour. 

Empirical, structural, behavioural, and extreme condition tests were used to evaluate and 

verify the robustness and performance of the developed model. The simulation results 

suggest that the model is useful for its purpose and thus agreed well with the system’s 

observed contextual reality. 

As well as the baseline scenario (scenario one), which assumed the status quo in 

contextual behavioural trends and thus indicated expected behaviour, three alternative 

scenarios were designed and simulated to assess their impact on improving cost 

performance of highway projects in Nigeria. These scenarios were: improvement in the 

skill of labour workforce and reduced political uncertainty (scenario two); proactive 

approach to workforce commitment (scenario three); and a combination of all the policies 

(scenario four). The results showed that scenario four would provide the maximum cost 

performance benefit by ensuring that the delivery period of key economic projects was 

significantly improved, and eventually improving the cost performance of projects. The 

evaluation results indicate that the processes and their outputs are vital instruments for 

enhancing and promoting a better understanding of the intricate and contextual dynamics 

of cost overrun triggers in highway projects. Generally, the results of the model will be 

useful to decision makers in the highway sector of the Nigerian construction industry, and 

indeed in other developing countries with similar governance characteristics, facilitating 

informed and pragmatic decisions regarding policies that will ensure cost effective 

delivery of highway projects. 

10.3 Fulfilment of Research Objectives 

The aim of this study was to assess how system dynamics approach could improve our 

understanding of the driving factors of cost overruns in highway projects in Nigeria. To 

achieve this aim, five objectives were formulated, as illustrated in Table 10-1. 
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The study used the data collected to develop the proposed conceptual and formal models. 

The study aggregated data collected within the highway sector of the Nigerian 

construction industry. Specifically, this involved the use of interviews with stakeholders 

involved in highway project development, and literature-based sources. Overall, a four-

stage interview process was conducted throughout the model development process. Table 

10-1 summarises how each of the formulated objectives was tackled. 

Table 10-1: Summary of how the research objectives were accomplished 

Objective Research Objectives Methods Adopted Chapter 

01 To critically evaluate the existing 

knowledge of cost overrun in general 

construction (and specifically in 

highway projects), from global and 

contextual perspectives 

Literature review on past 

research on cost overruns in 

general construction and highway 

projects globally and within the 

Nigerian context 

Extant literature review on past 

research on cost overrun triggers 

in highway projects globally and 

within the Nigerian context 

Chapter 2 

02 To assess the effectiveness of the 

methodological approaches currently 

adopted in the study of cost overruns 

in highway projects 

03 To explore the contextual drivers that 

contribute to cost overrun in highway 

infrastructure projects in Nigeria 

Conducted 16 semi-structured 

interviews with stakeholders 

within the highway sector of the 

Nigerian construction industry, 

buttressed by literature sources to 

identify the causal relations 

between the drivers 

Chapter 7 

04 To examine and simulate the intricate 

interdependencies and key feedback 

effects of the drivers of cost overrun 

Computer aided modelling and 

simulation, i.e. system dynamics 

modelling (conceptual and 

formal). Stakeholders’ evaluation 

of the models 

Chapters 8 

and 9 

05 To develop a model that can provide 

an insight into and better 

understanding of the various drivers of 

cost overrun, and thus guide 

stakeholders in making pragmatic 

policy decisions 

 

Objective 1: To critically evaluate the existing knowledge of cost overrun in general 

construction (and specifically in highway projects), from global and contextual 

perspectives 

The aim of objective 1 is to review the concept of cost overrun in general construction, 

and specifically highway projects, and evaluate the triggers responsible for cost overruns 

in highway projects. This objective was accomplished, as the researcher reviewed various 

studies on cost overruns globally (and within the Nigerian context) on cost overruns. The 
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review discussed the key drivers of cost overruns from different contexts (see details in 

sections 2.4, 2.5, 2.6, 2.7 and 2.8 in chapter 2). 

Objective 2: To assess the effectiveness of the methodological approaches currently 

adopted in the study of cost overruns in highway projects 

This objective was accomplished, as the researcher reviewed the methodological 

approaches adopted by contemporary literature on the drivers of cost overruns in highway 

projects. The review enabled the study to establish that the methodological approaches 

adopted by existing contemporary literature are inefficient in acknowledging and 

incorporating the intricate and dynamic nature of the key triggers of cost overrun, which 

have been revealed to have complex and dynamic characteristics; this established the 

basis for considering an alternative approach of SD that acknowledges these 

shortcomings (see details in section 2.12 in chapter 2). 

Objective 3: To explore the contextual drivers that contribute to cost overrun in 

highway infrastructure projects in Nigeria 

This objective was aimed at exploring the contextual driving factors of cost overruns in 

Nigerian highway projects. This was achieved by conducting 16 semi-structured 

interviews with stakeholders (client, contractor, and consultant) involved in the 

development of highway projects in Nigeria. Objective 3 was accomplished through a 

structured interview process, which was outlined in section 6.3.1, and allowed for in-

depth investigation with free flow of information from the stakeholders. The justification 

for selecting the stakeholders was presented in section 6.3.1 of this thesis (see details in 

section 7.3 in chapter 7). 

Objective 4: To examine and simulate the intricate interdependencies and key 

feedback effects of the drivers of cost overrun 

To achieve this aim, the findings of the empirical studies, buttressed by literature sources, 

informed the identification and establishment of the causal relationships that were used 

to develop the conceptual model, and thus the structures of the CLD that describe a typical 

construction management system were selected and numerically structured in terms of 

formal SFDs, and simulated to illustrate the dynamic behaviour of the system (see details 

in section 7.4 in chapter 7, and sections 8.2 and 8.3 in chapter 8). 

Objective 5: To develop a model that can provide an insight into and better 

understanding of the various drivers of cost overrun, and thus guide stakeholders in 

making pragmatic policy decisions 
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To accomplish this aim, a model incorporating the key contextual driving factors of cost 

overruns in highway projects was developed. This was achieved by adopting existing 

project management models, but modifying them with contextual key triggers as 

presented in section 7.3.3, and conducting simulation and policy evaluation experiments 

to evaluate the effectiveness of the proposed policy levers (see details in section 8.3 in 

chapter 2 and sections 9.2, 9.3 and 9.4 in chapter 9). 

10.4 Research Contribution and Implications 

In any doctoral research endeavour, a unique and original contribution to the body of 

knowledge is of utmost importance. However, Fellows and Liu (2008) argue that the 

notion of originality could be subject to different opinions. On this, Phillips and Pugh 

(1994) and Walker (1997) have documented various ways to demonstrate research 

originality, such as: the development of new methodologies, tools and/or techniques; new 

areas of research; new interpretation of existing material; new application of existing 

theories to new research areas and geographical areas; or a new blend of ideas. 

The study set out to address the research aim and objectives presented in sections 1.4 and 

1.5. For this reason, the research shows significance from both academic and practical 

lenses. Because cost overruns belong to a class of complex societal problems with 

intricate triggers, useful insights and results obtained in this study demonstrate value from 

both academic and practical perspectives. 

10.4.1 Academic Contribution and Implications 

As discussed in chapter 2, an increasing number of research studies have discussed the 

key reasons for cost underperformance in highway projects and thus established the 

existence of multiple triggers influencing cost overruns in highway projects, largely from 

a survey-oriented perspective and via the adoption of conventional statistical 

methodological approaches. This study questions the conventional approach to 

researching cost overrun problems in construction projects, and highway projects in 

particular, which disregards the contextual basis in which the triggers take place, and the 

intricate and dynamic nature of the triggers of cost overruns. This research is grounded 

in a holistic systems-based methodological approach from the lens of SD that directs 

attention towards existing linkages, interactions, and feedback processes underlying the 

dynamic behaviours between the contextual key cost overrun triggers. In comparison with 

conventional positivist methodological approaches, this research, especially with regard 

to the developed SD conceptual model, has theoretically contributed to systems thinking 

by adding more empirical insights to advance the system-based approach, including 
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understanding the intricacies and interactions among the key triggers within the context 

of the study. Consequently, this research was used to shed light on the existing dichotomy 

of the triggers of cost overruns from the context in which they evolve. This further 

contributes to theory by providing a context specific explanation of the triggers by 

acknowledging and incorporating the circumstantial basis of their occurrence. 

Accordingly, the systematic and structured process of data analysis, based on the data 

compatible formulated coding framework, has the capacity to improve the credibility of 

the theory that will eventually emanate from the CLDs regarding the intricate 

interrelationships and interdependencies of key variables influencing cost overruns in 

highway projects, and thus contribute to theory in this direction. 

Finally, a vital outcome of this research study was the development of contextual 

computer-based conceptual and simulation models that incorporate the intricate 

interactions and interdependencies between the key driving factors and their dynamic 

behaviours. Therefore, despite the application of SD modelling in project management 

and other disciplines over 65 years ago, it has rarely been applied to study project cost 

performance in construction projects in Africa, and indeed Nigeria, and hence it is 

anticipated that the study will stimulate further research activities within the realm of cost 

overrun. 

10.4.2 Practical Contribution and Implications 

From a practice viewpoint, the set of key drivers of cost overruns and the causal 

relationships identified and analysed in this study, can provide decision makers in the 

industry (i.e. client, contractors and consultants) with valuable information about the 

contextual circumstances in which the triggers take place, as well as the complex and 

dynamic nature of the triggers, which will aid in making pragmatic decisions regarding 

policy leverages about improving cost performance in highway project provision in the 

Nigerian highway sector of the construction industry. Consequently, the developed 

models have the capability to serve as decision support and planning tools, with the 

capacity to direct policy decisions by evaluating the effect of different policy scenarios 

and observing how such system improvements and changes in behaviour will impact on 

the cost performance of highway projects during construction. The understandings 

generated will permit decision makers to make pragmatic and informed decisions 

concerning any future policy interventions likely to improve the cost-effective delivery 

of highway projects. To use the model, practitioners and other key stakeholders can adopt 

the procedure presented in Figure 10-1 and the details provided in Appendix H. 
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Finally, as elucidated by Sterman (2000), SD has the ability to make significant and 

innovative contributions to learning, especially employing simulation models as tools for 

experimentation in specific context related problems. Incidentally, it is hoped that the 

simulation model can serve as an educational tool for learning: for people studying project 

dynamics in Nigeria and indeed other developing countries. 

Apart from the above contributions of the study to theory and practice, several parts of 

the research have been developed and presented at conference and workshops, and 

published in co-authorship, as presented in the list of publications and presentations on 

pages xvii and xviii of this thesis report. 

Model 

Structure

Recommendation

Simulation Experiment 

to Observe Contextual 

Behaviour of Key 

Variables of Interest

• Structure Confirmation Test

• Parameter Confirmation Test

• Integration Error Test
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• Extreme Condition Test

Policy 
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Model Algorithms
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Case Study Context
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Yes, okay No, review

No, reviewYes, okay

 

Figure 10-1: Procedure for using the model 
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10.5 Research Limitations and Opportunities for Future Research 

As with any research study, there are bound to be limitations, and this study is no 

exception. This research focused on the construction phase of highway projects in 

Nigeria. Although the project and procurement environment in other sectors of the 

construction industry in Nigeria may be quite similar, caution must be taken before 

employing the outcome of this study to other contexts within Nigeria, and beyond. More 

comparative research needs to be conducted in the future to look at overall project 

lifecycle, and other economic and social infrastructures such as rail, energy, water supply, 

telecommunications, schools, and hospitals in Nigeria (and indeed other countries), to 

ascertain similarities or inconsistencies in the outcomes of the research. However, it is 

hoped that the model and its accompanying algorithms may act as a template for 

replication on this basis, albeit with contextual modifications. 

As with most naturalistic context-based research, there are bound to be debates on the 

issue of representation in the sample size. However, the demographic profile of the 

stakeholders indicates that they possess significant experience and involvement in 

highway project development, which ought to accord sufficient reliability and 

trustworthiness to the quality of information received from them, in line with the 

recommendation of Boateng (2015). Therefore, contemporary readers should be 

cautioned about the likely influence of the subjective opinions of the stakeholders on the 

data and the findings of the study, and therefore a more representative sample could be 

adopted for future research, or a sequential mixed methodology including qualitative and 

quantitative methods could be adopted.  

The researcher had difficulty obtaining real data on key projects due to confidentiality 

and bureaucratic impediments in the public sector, and therefore the model relied mainly 

on interviews with experts involved in highway project development in Nigeria with 

regard to model development, parameterisation, and verification, which may influence 

the validity of the findings, even though the structured theoretical approach through 

standard best practice demonstrated validity in the models. Therefore, future research 

should focus on a specific project with sufficient real data, which would enable the model 

simulation results to be compared with the real project data. 

The formulated conceptual model produced seven (7) feedback loops: three (3) positive 

and four (4) negative, encompassing project management, leadership, macroeconomic, 

and societal related components of cost overrun triggers. However, the simulated model 
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only considered two (2) components for realistic and contextual reasons, and therefore 

other feedback components of the model could be considered. 

Also, the simulation model focused on adopting existing structures of project 

management models but modifying and incorporating key contextual elements and 

drivers. Future research could focus on incorporating more key contextual variables and 

developing new contextual SD model representations of highway projects cost 

performance. 

Finally, the emergence of Covid 19 pandemic presented challenges on accessing the 

requisite project specific information to support the implementation and calibration of the 

model in a real-life project scenario in order to evaluate its practical application. 

Additionally, the pandemic affected the completion of the research within the stipulated 

period due to abrupt transition from physical to a more personal learning strategy.
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Appendix A: Semi-structured Interview Protocol 

Project Title: Enhancing the Understanding of Cost Overrun Drivers in Highway 

Projects in Nigeria through System Dynamics Modelling 

The aim of this research is to investigate how our understanding of cost overrun can be 

extended by using a systems dynamics approach. This seeks to uncover the various 

drivers that impact cost performance of highway projects in Nigeria. This will be achieved 

by eliciting general perceptions of the cost performance issues in highway projects and 

the use of simulation modelling to explore how the various drivers of cost overrun interact 

with each other to impact on the performance of projects. The inputs for the model will 

come from interviewees in Nigeria who are stakeholders involved in highway 

infrastructure development. Our conceptualization of cost overrun is that, it is a global 

phenomenon, which manifest as a result of a variety of triggers and are entirely country 

specific due to different institutional and governance structures. It is expected that the 

research will develop a model considering the cost performance issues that highway 

projects have been facing from a holistic perspective and thus improve our understanding 

of these issues. Also, the developed model can be utilized by stakeholders to identify 

action points and measures to ensure cost effective delivery of highway projects. 

Note: The results to be obtained through the interviews will only be used for this research 

study and will not be used for any other purpose. All responses remain completely 

confidential. 

Section One: Background Information of Respondent: 

Profile/Demography of the Interviewee 

Type of Organisation: Client ( )     Consultant ( )     Contracting ( ) 

Designation ………………………………………………………………………... 

Type of Project involved in ………………………………………………… 

1. Role/Responsibility of the Interviewee 

a. What is your role in the project? 

b. How many years of experience do you have in the planning and construction of 

highway projects? 0-5years ( )     5-10years ( )     10-15years ( ) 

c. How many projects were you involved in? 0-5 ( )    5-10 ( )     10-15 ( )     Over 

15 ( ) 

d. What is the average cost of the projects you were involved in? ……………… 
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Section Two: This section attempts to explore the problem of cost overrun and how 

it impacts on the performance of highway projects. It will also examine the various 

factors that are responsible for the non-performance of highway projects and the 

possible measures taken if any in order to curb the problem. 

2. Project Characteristics: Concept of Cost Overrun 

a. Please describe what you understand by cost overrun? 

b. Is it something you think is a serious problem facing construction industry 

(Highway sector specifically) in Nigeria? Why? 

c. What is the size of the project(s) you have been involved in terms of the monetary 

value? 

▪ Do you think the size of project(s) have impact on project cost performance? 

Why? 

d. What is the actual duration of the project(s) you have been involved in? 

▪ Do you think duration have impact on project cost performance? Why? 

e. Do you think location of a project have impact on project cost performance? Why? 

f. What project delivery strategy was used in the project(s) you have been involved 

in? 

▪ Do you think that project delivery has an impact on project cost performance? 

Why? 

g. At what stage of project development do you think cost overrun is likely to occur? 

Why? 

3. Project Specific Questions: Drivers of Cost Overrun 

a. In your opinion, what are the possible drivers that impact on the cost performance 

of highway projects in Nigeria? 

▪ Do you think these drivers are similar in relation to all the highway projects 

you have been involved in? Why or why not? 

b. What could be responsible for each of the mentioned factors? 

c. I am really interested in the interrelationship between these sorts of factors. Can 

you tell me whether and if so, how any of these factors impact on other?  

d. In your opinion, do these interrelationships affect the project cost performance? If 

so, how? 
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4. Project Specific Questions: Measures to Curb Cost Overrun 

a. What measure(s), if any, has your organisation taken in order to improve the cost 

performance of highway projects? 

b. How effective have these measures been at improving cost performance?  

c. Can you suggest any other measures that would assist in the improvement of cost 

performance of highway projects? 

d. Since most of the highway projects in Nigeria are publicly funded, what measures 

do you think can be taken by the public sector /contractor to improve on projects 

cost performance? 

e. Is there anything else you consider important to let me know regarding cost 

overrun in highway construction projects and the Nigerian construction industry 

which I have not asked? 

*May I contact you in case I need additional information? 

Thank you for your time. Please provide your contact detail if you would like to have 

a copy of the results obtained from this interview. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices                                                   

313 
 

 

Appendix B: Interview Consent Letter 

Invitation to Participate in Research Interview 

Project Title: Enhancing the Understanding of Cost Overrun Drivers in Highway 

Projects in Nigeria through System Dynamics Modelling 

Researcher: Abba Tahir Mahmud  

Supervisory Team: Professor Stephen O. Ogunlana            

          Dr. Ashley Hong 

You are being invited to take part in a research study. Before you decide, it is important 

that you understand why the research is being undertaken and what it involves. Please 

take time to read the following information. Ask us if there is anything that is not clear, 

or if you would like more information.  

Finally, take time to decide if you want to take part or not. 

Purpose of the study: 

The aim of this research is to investigate how our understanding of cost overrun can be 

extended by using a systems dynamics approach. This seeks to uncover the various 

drivers that impact cost performance of highway projects in Nigeria. This will be achieved 

by eliciting general perceptions of the cost performance issues in highway projects and 

the use of simulation modelling to explore how the various drivers interact with each 

other to impact on the performance of projects. The inputs for the model will come from 

interviewees in Nigeria who are stakeholders involved in highway infrastructure 

development. Our conceptualization of cost overrun is that, it is a global phenomenon, 

which manifest as a result of a variety of triggers and are entirely country specific due to 

different institutional and governance structures. It is expected that the research will 

develop a model considering the cost performance issues that highway projects have been 

facing from a holistic perspective and thus improve our understanding of these issues. 

Also, the developed model can be utilized by stakeholders to identify action points and 

measures to ensure cost effective delivery of highway projects. 

Must I participate?  

No. It is up to you to decide whether or not to take part. If you do, you will be asked to 

sign a consent form. You are still free to withdraw at any time without giving a reason.  

What happens if I participate?  

You will be involved in an interview, which will take not more than 60 minutes  

•The interview may be voice recorded  
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•The results will be used to develop a system dynamic model 

•The data will be treated with anonymity and confidentiality  

Are there any risks / benefits involved?  

There are NO risks or monetary benefit involved in participating in this study. 

However, copy of the thesis or a summary of the major findings can be made available. 

Please provide an email if interested 

.....................................................................  

Will my taking part in the study be kept confidential?  

All data will be coded and anonymised so that no individual can be identified in future 

publications.  

Please retain a copy of this and the consent form and do not hesitate to contact us if you 

need further clarification on this.  

Yours faithfully,  

 

Abba Tahir Mahmud 

Doctoral Researcher, Heriot Watt University, United Kingdom   

E-mail: atm34@hw.ac.uk  
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Appendix C: Research Interview Consent Form 

Project Title: Enhancing the Understanding of Cost Overrun Drivers in Highway 

Projects in Nigeria through System Dynamics Modelling 

  

 

 

Relevant data will be collected via:  

•Interviews  

•Documents (if available) 

I agree to participate in the study. 

 

I understand that my participation is voluntary, that I can choose not to participate in part 

or all the project, and that I can withdraw at any stage of the project without being 

penalised or disadvantaged in any way.  

 

I understand that details of the material discussed are confidential and agree not to 

disclose any of the information given to any other party.  

 

I agree to the interview being audio recorded for the interviewer’s reference only. I agree 

to the use of anonymised quotes in this thesis and other academic publications.  

 

Participant’s name......................................           Signature.............................            

Date................. 

 

Researcher:                   Supervisory Team:   

Abba Tahir Mahmud                  Professor Stephen O. Ogunlana 

                    S.O.Ogunlana@hw.ac.uk 

Doctoral Researcher,                   Dr. Ashley Hong   

Heriot Watt University, United Kingdom.               Wan_thing.hong@hw.ac.uk  

atm34@hw.ac.uk  

 

 

 

Note: This consent form is to be retained by you 

and the researcher. At the completion of the 

research it should be dispatched in a secure fashion. 
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Appendix D: Causal Loop Validation Instrument 

Project Title: Enhancing the Understanding of Cost Overrun Drivers in Highway 

Projects in Nigeria through System Dynamics Modelling 

Preamble: This instrument is designed to validate the causal loop diagrams developed 

for the purpose of this research study. The causal loop diagrams consisting of four sub 

models interrelated together presents the dynamics associated with the contributory 

factors of cost overrun in highway infrastructure projects in Nigeria. The causal loop 

diagrams have been presented as project management related, leadership related, 

macroeconomic related and societal related sub models which represents the overall 

holistic causal loop diagram of the key drivers associated with poor cost performance of 

highway projects. The causal loop diagram can be used to determine short- and long-term 

leverages that could possibly improve the cost performance of highway projects. The 

validated causal loop diagram will be used as a starting point for the development of a 

simulation model which requires extensive details in the model building exercise. 

Objectives of the Instrument 

✓ Test for clarity i.e., the extent to which the model clearly captures and 

communicates issues associated with the cost performance challenges in highway 

projects 

✓ Test for existence of the variables that are drawn and shown in the diagram 

✓ Test to ascertain whether the relationship between the variables i.e., drivers of cost 

overrun in the model have been clearly represented 

Target Audience 

Stakeholders involved in the provision of highway infrastructure projects in Nigeria  

✓ Public client organization involved in the provision of the highway project 

✓ Consultants’ organization involved in the provision of the highway project 

✓ Contractors’ organization involved in the provision of the highway project 

Guidelines  

Relationships between variables are denoted using links (arrows) 

✓ A positive link (+) means that if the cause increases, the effect increases above 

with the same magnitude what it would otherwise have been, and if the cause 

decreases, the effect decreases below what it would have otherwise been. 
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✓ A negative link (-) means that if the cause increases, the effect decreases below 

with the same magnitude what it would otherwise have been, and if the cause 

decreases, the effect increases above what it would have otherwise been. 

Sub Models of the Key Drivers of Cost Overrun in Highway Infrastructure Projects 

in Nigeria  

 

Figure 1: Societal Related Drivers 

Sub Model 

 

 

Figure 2: Leadership Related Drivers 

Sub Model 

Figure 3: Macroeconomic 

Related Drivers Sub 

Model 

Figure 4: Leadership Related     

Drivers Sub Model 
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No Causal Link Verbal Statement Question Response 

1 

 

The progress of work will be 

affected and increased if the 

following are increased: - 

o Adverse weather (rain) 

o Political instability  

o Social issues (accidents, 

traffic gridlock and 

commuter’s indiscipline) 

o Delay in payment to 

contractors 

On the other hand, increase in the 

delay in work progress will 

increase the following: - 

o Payment of outstanding 

liabilities 

o Modification of project 

scope 

o Project duration 

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 

(implying that the 

effect is the cause). 

 

What other effects 

could be observed as 

a result of this cause? 

 

Point of strength of 

the model 

 

Point of weakness of 

the model 

 

     

2 Factors contributing to the 

increase in funding challenge to 

projects are: - 

o Increased interference by 

politicians in the funding 

allocation process 

particularly in a multi-

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Project durationAdverse weather +

Delay in payments

to contractors

Modification of

project scope

Delay in progress

of work

+

+

+

Political instability

+

Social issues

+

Traffic gridlock

Accidents
Commuters

indiscipline

+

+

+
Payment of
outstanding

liabilities

+
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party-political 

environment where 

politicians have 

conflicting political and 

national interests 

o Increased project cost 

On the other hand, government 

ability to source for other sources 

to fund the project particularly 

when a new government or 

administration with a strong 

political will come on board 

decreases the funding problem. 

Similarly, payment of 

outstanding contractors’ 

liabilities decreases the challenge 

of funding as the shortfall will be 

reduced. 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 

(implying that the 

effect is the cause). 

 

What other effects 

could be observed as 

a result of this cause? 

 

Point of strength of 

the model 

 

Point of weakness of 

the model 

 

     

3 The delay in payment to 

contractors is influenced and 

increased by: - 

o Bureaucratic process in 

granting payment 

approval 

o Lack of adequate project 

funding 

 

On the other hand, increase in the 

delay in payment to contractors 

will significantly affect the 

progress of work and increase 

delay which will lead to 

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 
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modification of the scope of the 

project particularly when the 

initial planning process was 

inadequately conducted. Once a 

project scope is modified and 

expanded, it comes with an 

additional cost and increase the 

cost of the project which further 

increase the funding challenge as 

the funding shortfall will further 

increase thereby affecting the 

payment to be made to 

contractors for the work, they 

performed due to lack of 

adequate funds  

(implying that the 

effect is the cause). 

What other effects 

could be observed as 

a result of this cause? 

 

Point of strength of 

the model 

 

Point of weakness of 

the model 

 

     

4 

 

Termination of a project is 

strongly influenced and increased 

by: - 

o Political instability 

o Opposition to project due 

to political differences or 

political interest 

Once a project is terminated, the 

following is increased 

o Cost of the project 

 

 

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 
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need to be reversed 

(implying that the 

effect is the cause). 

What other effects 

could be observed as 

a result of this cause? 

 

  

Point of strength of 

the model 

 

   Point of weakness of 

the model 

 

5 

 

An increase in the inflation rate 

of the country affects the rates 

agreed in the contract and results 

in an increase in the prices of 

materials, labour and equipment 

thereby increasing the rate at 

which the contract is reviewed 

along with an increase in 

exchange rate. Increased contract 

review i.e., variation increases 

the cost of the project and thus 

increases the overall duration of 

the project which closes the loop 

by reinforcing the rate at which 

the prices of materials, labour and 

equipment fluctuates and 

increase. 

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 

(implying that the 

effect is the cause). 

 

What other effects 

could be observed as 

a result of this cause? 

 

Point of strength of 

the model 

 

Inflation

Exchange rate

Fluctuation in prices of
materials, labour and

equipments

Variation

Project cost

Project duration

+

+

+

+

+

+
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Point of weakness of 

the model 

 

     

6 

 

Reviewing and modifying the 

scope of a project is increased 

through the following causes or 

means: - 

o Poor planning of the 

project  

o Delay in the progress of 

work 

 

On the other hand, the project 

duration is increased when there 

is an: - 

o Increase in the cost of the 

project 

o Increased modification of 

the project scope  

o Increased delay in the 

progress of work 

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 

(implying that the 

effect is the cause). 

 

What other effects 

could be observed as 

a result of this cause? 

 

Point of strength of 

the model 

 

Point of weakness of 

the model 

 

     

7 The increased instability in the 

economy resulting in increased 

inflation will lead to increased 

Do all the variables 

stated in this diagram 

exist? 
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government intervention to 

ensure stability and certainty, 

particularly when there is a 

change in government, and it is 

perceived that the economy is 

underperforming. However, 

despite the policy of the 

government aimed at economic 

improvement and stability, it has 

thus been counterproductive 

resulting in increased inflation 

thereby making the government 

to keep trying other policies 

aimed at improving the economy. 

 

On the other hand, the increase in 

government policy such as the 

multiple exchange rate policy and 

unstable interest rate increases 

the volatility of the exchange 

rate. Increased exchange rate 

volatility increases the inflation 

and further increases government 

intervention effort in addressing 

the problem. 

Do the relationships 

between these 

variables exist? 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 

(implying that the 

effect is the cause). 

 

What other effects 

could be observed as 

a result of this cause? 

 

Point of strength of 

the model 

 

Point of weakness of 

the model 

 

  

     

8 An increase in social issues due 

to accidents, traffic gridlock and 

commuter’s indiscipline resulting 

from the construction activities 

will result in increased: - 

o Delay in the progress of 

work 

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Inflation

Exchange rate

Government

monetary policy

+

+

Political instability

+

+
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o Public grievances  

 

 

 

 

 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 

(implying that the 

effect is the cause). 

 

What other effects 

could be observed as 

a result of this cause? 

 

Point of strength of 

the model 

 

Point of weakness of 

the model 

 

     

9 

 

An increase in the modification 

of project scope increases land 

related issues with the affected 

communities for fear of losing 

their livelihood and properties 

thereby making the communities 

to oppose the project scope 

change. Increase in the 

communities opposition increase 

the involvement of relevant 

stakeholders through constant 

meetings in order to try and reach 

a compromise which decreases 

the land related issues as the 

communities and relevant 

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 

(implying that the 

effect is the cause). 

 

Public Grievances

Delay in progress

of work

Social issues

+

+

Traffick gridlock

Commuters

indiscipline

Accidents

+

++
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stakeholders arrive at a 

conclusive compromise 

What other effects 

could be observed as 

a result of this cause? 

 

 

Point of strength of 

the model 

 

Point of weakness of 

the model 

 

     

10 

 

The cost of a project is increased 

through increase in the 

following:- 

o Termination of the 

project 

o Variation through review 

of contract due to 

economic uncertainty 

o Modification of the scope 

of the project which 

accommodate additions 

and changes to the project 

Do all the variables 

stated in this diagram 

exist? 

 

Do the relationships 

between these 

variables exist? 

 

 

Are there any 

significant cause 

factors missing?  If 

so, list them. 

 

Are the directions of 

the links right or they 

need to be reversed 

(implying that the 

effect is the cause). 

 

What other effects 

could be observed as 

a result of this cause? 

 

Point of strength of 

the model 

 

Point of weakness of 

the model 
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Evaluation of the Conceptual Model 

In your opinion, how do you rate this model? 

 1. Reasonable (realistic):                    [a]       Very reasonable     [1] 

                       [b]       Reasonable             [2] 

                       [c]       Fairly reasonable    [3] 

                       [d]       Not reasonable        [4] 

Please, add any further comments……………………………………………………………………………………………………….  

2. Representation of the issues of poor cost performance in highway projects   [a]       Very good                [1] 

                        [b]       Good                        [2] 

                        [c]       Fairly good              [3] 

                        [d]       Not at all good         [4] 

Please, add any further comments……………………………………………………………………………………………………….  

3. Communication tool concerning key drivers of cost overrun                [a]       Very useful              [1] 

                        [b]       Useful                      [2] 

                        [c]       Fairly useful             [3] 

                        [d]       Not at all useful        [4] 

Please, add any further comments………………………………………………………………………………………………………  

4. Aid tool that can be used by stakeholders in decision making               [a]       Very useful               [1] 

                        [b]       Useful                       [2] 

                        [c]       Fairly useful              [3] 

                        [d]       Not at all useful         [4] 

Please, add any further comments………………………………………………………………………………………………………  

5. Suitably indicated the cause-and-effect relationship between variables          [a]       Very suitable             [1] 
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                        [b]       Suitable                      [2] 

                        [c]       Fairly Suitable           [3] 

                        [d]       Not at all Suitable      [4] 

Please, add any further comments: 

……………………………………………………………………………………………………………………………………………… 

 

 

Thank you 
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Appendix E: Model Parameter Elicitation Protocol 

Project Title: Enhancing the Understanding of Cost Overrun Drivers in Highway 

Projects in Nigeria through System Dynamics Modelling 

Preamble: This protocol is a guide to subjectively provide estimates of judgements on the 

parameters that will be utilized in driving the model. The subjective judgements will be 

based on the stakeholders’ experience in highway infrastructure development in Nigeria. 

Section A: Background Information of Respondent 

A1. Profile/Demography of the Interviewee 

Type of Organisation: Client ( )     Consultant ( )     Contracting ( ) 

Designation ………………………………………………………………………. 

Type of Project involved in ………………………………………………… 

A2. Role/Responsibility of the Interviewee 

a. What is your role in the project? 

b. How many years of experience do you have in the planning and construction of 

highway projects? 0-5years ( )     5-10years ( )     10-15years ( ) 

c. How many projects were you involved in? 0-5 ( )    5-10 ( )     10-15 ( )     Over 

15 ( ) 

Section B: This section attempts to elicit your opinion on the values to be assigned 

to the parameters of the model. This will be based on your experience in highway 

project development across Nigeria. 

B1. Based on your experience in highway project development, what would you say is 

the time needed to adapt the labour workforce in highway projects in Nigeria? 

B2. Based on your experience in highway project development, on a scale of 0–100 with 

0 indicating highly skilled and 100 indicating highly unskilled labour workforce, how 

would you rate the variable lack of skilled labour workforce on projects in the highway 

infrastructure sector? 

B3. In your opinion and based on your experience in highway project development, on a 

scale of 0-100 with 0 indicating highly unstable and 100 indicating highly stable political 

environment, what would rate the impact of political instability on highway projects in 

Nigeria? 
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B4. Based on your experience in highway project development, what is the average length 

of road that you have been involved in?  

B5. Based on your experience, what fraction of work can be considered to have met the 

quality standard set by the client? 

B6. What is contract duration of a typical highway project in Nigeria? 

B7. What do you think is the ideal time lapse that in provided in a typical highway project 

across Nigeria? 

B8. In your opinion, what is the probability of discovering quality issues during the 

progress evaluation process in a typical highway project in Nigeria? 

B9. Based on your experience, how much manpower effort is attributed to each labour 

workforce? 

B10. Based on you experience, what fraction of labour workforce is committed to the 

project you have been involved in? 

 B11. In your opinion, what number of labour workforce are deployed at the start of a 

typical highway project in Nigeria? 
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Appendix F: Analysis of Discussions on Model Parameterization 

Project Title: Enhancing the Understanding of Cost Overrun Drivers in Highway 

Projects in Nigeria through System Dynamics Modelling 

Section A: Respondents Demography 

Stakeholder 

Code 

Organization Designation Years of 

Experience 

S_01 Client Director 24 

S_02 Client Deputy Director/Chief Project 

Supervisor 

20 

S_03 Client Senior Highway Engineer 17 

S_04 Contractor Project Manager 15 

S_05 Contractor Senior Quantity Surveyor 14 

S_06 Contractor Technical Manager 18 

S_07 Consultant Head, Quality Assurance 15 

S_08 Consultant Chief Quantity Surveyor 18 

S_09 Consultant Head, Project Monitoring 17 

Average Experience of Stakeholders 18 

 

Section B: Analysis of parameter values 

The table below presents the analysis of expert judgements. The mean values of the parameters 

were used as input values for each parameter. 

Parameter Stakeholder Judgement Total 

Judgement 

of 

Stakeholde

rs (X) 

Total No 

of 

Stakehol

ders (Y) 

Average 

Judgemen

t Score 

(X/Y)  

S1 S2 S3 S4 S5 S6 S7 S8 S9 

Initial 

work to be 

executed 

(km) 

83.

4 

86 13

6 

12

0 

11

3 

43.

6 

83 148 87 900 9 100 

Political 

instability 

(%) 

80 85 85 90 95 85 85 85 90 783 9 87 

Work 

acceptance 

rate (%) 

75 80 80 90 75 95 80 70 75 720 9 80 

Probability 

of quality 

defect 

detection 

(%) 

70 75 80 90 80 80 85 80 80 720 9 80 

Lack of 

skilled 

labour 

workforce 

(%) 

70 55 60 60 65 65 60 50 40 525 9 58.33 

Initial 

Labour 

workforce 

(Person) 

15 20 25 25 20 20 20 20 15 180 9 20 

Fraction of 

labour 

workforce 

committed 

70 85 85 90 87 90 85 90 85 767 9 85.22 
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to the 

project (%) 

Time to 

hire labour 

workforce 

(Month) 

3 2 3 2 4 3 4 3 3 27 9 3 (0.75) 

Labour 

workforce 

effort 

(Fraction) 

1 1 1 1 1 1 1 1 1 9 9 1 

 

Section C: Formulation of Nonlinear Relationship 

The stakeholders agree with the assumptions presented on modelling the variables, time 

taken to detect quality defect, social issues, adverse weather condition and efficiency of 

contractor and personnel to be a nonlinear formulation. The comments below justify their 

position;  

o Discussions with stakeholders (S_01, S_07, and S_09) suggest that at the early 

stages of the construction work, the contractor's effort towards meeting the 

standard set by the client is enormous because that is the basis on which 

contractors receive payment and as such the quality issues are not so prevalent. 

However, as the project nears completion, with usage of the sections of the road 

and inspection by the project team (client representatives and contractor), the 

quality issues are discovered.  

o Discussions with stakeholders (S_01, S_03, S_05, and S_07) suggest that social 

issues in terms of accidents, indiscipline and traffic gridlock are prevalent at the 

early stages of the project work, particularly as most highway projects in Nigeria 

are reconstruction of an existing road, and as the project nears the end of 

construction, these issues are reduced because by then most of the work has been 

completed and sections of the road has been opened and thus traffic gridlock, 

accident and indiscipline of motorist have been drastically reduced.  

o Discussions with stakeholders (S_01, S_03, S_05, S_07, and S_08) suggests that, 

the impact of rain is significant at the early stages of the construction work due to 

the exposed nature of the construction work such as excavation, concrete work, 

grading, paving, backfill etc. and it is usually reduced as the project nears 

completion because by then most of the work would have been achieved. 

o Discussions with stakeholders (S_01, S_03, S_04, S_05, S_08, and S_09) 

involved in highway infrastructure project development across Nigeria revealed 

efficiency of contractor and personnel in a typical project to be a function of the 

work to be executed. Hence, it is discussed that with the amount of work to be 
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executed comprising of 1000 project tasks, the efficiency of the contractor and its 

personnel is at its peak i.e. 100% until at about 300 project tasks to be executed 

when the efficiency begin to diminish to about 95%. At about 250 project tasks to 

be executed, the efficiency is about 90% and reduces to about 85% when the 

project work to be executed is about 150 project tasks and it is at a low efficiency 

of about 40% with 0 project work tasks to be executed.  
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Appendix G: Formal Model Verification Protocol 

Project Title: Enhancing the Understanding of Cost Overrun Drivers in Highway 

Projects in Nigeria through System Dynamics Modelling 

Preamble: This protocol is a guide to subjectively verify the formal model and the 

outputs of the simulation trends. The assessment will be based on the stakeholders’ 

experience in highway infrastructure development in Nigeria. 

Section A: Background Information of Respondent 

A1. Profile/Demography of the Interviewee 

Type of Organisation: Client ( )     Consultant ( )     Contracting ( ) 

Designation ………………………………………………………………………. 

Type of Project involved in ………………………………………………… 

A2. Role/Responsibility of the Interviewee 

a. What is your role in the project? 

b. How many years of experience do you have in the planning and construction of 

highway projects? 0-5years ( )     5-10years ( )     10-15years ( ) 

c. How many projects were you involved in? 0-5 ( )    5-10 ( )     10-15 ( )     Over 

15 ( ) 

Section B: This section attempts to assess the output of the simulation exercise based 

on your experience and expectation of the system and real-life scenario of the 

problem under investigation. 

B1. Based on the formal model, what is your opinion about the feedback loops and how 

they influence the dynamics of the project during the simulation process? 

B2. From the simulation results of the model, what do you think about the behavioral 

outputs of the system variables? 

B3. Do you think the result of the model represent your expectation of the system and the 

real-life scenario of the problem? 

B4. Do you think the model variables i.e. both endogenous and exogenous variables 

captures and represent real-life variables and dynamics of a typical highway project 

construction process in Nigeria? 

B5. What is your opinion on the suitability and usefulness of the model and its output in 

decision making process by relevant stakeholders? 
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Appendix H: Procedure for Using the Model 

The model was developed using Vensim platform (Vensim DSS software). The procedure 

to support stakeholders to use the model is presented below (see also Figure 10-1). 

Step 1: Consider the model structure and reflect on the contextual information (case study 

and key drivers) and the model algorithms. Is the contextual information okay? Yes or 

No 

❖ If Yes, perform model verification test (dimensional consistency test) using the 

built-in function in Vensim software by invoking the dimensional analysis tool 

which issues a notification of any inconsistencies with the dimensions. Then 

proceed to step 2. 

❖ If No, repeat step 1 i.e. review and modify the model structure to 

remove/incorporate new contextual drivers and review the model algorithms. 

Step 2: Conduct simulation experiments to observe the contextual behaviour of key 

variables of interest using the built-in simulation tool in Vensim platform.  

To observe the behavior of key variables of interest, click on each variable and then use 

the built-in graph tool to generate the graph of the selected variable and observe the 

behavior from the generated graph.  

Step 3: Conduct model verification tests to develop confidence in terms of model 

usefulness and soundness. 

a. Structure confirmation test: Perform structural confirmation test by assessing 

whether the structure of the model is consistent with the relevant knowledge of 

the system under consideration from theoretical and/or empirical perspectives 

using experience in highway project development and relevant contextual 

literature sources (grey and empirical). 

b. Parameter confirmation test: Perform parameter confirmation test by comparing 

the parameters used in the development of the model with the relevant knowledge 

of the system under consideration from theoretical and/or empirical perspectives 

to ascertain whether the parameters correspond conceptually and numerically with 

the knowledge of the construction industry using experience in highway project 

development. 

c. Integration error test: Perform integration error test by modifying the time step 

i.e. cutting the time step into half (from 0.125 to 0.0625) and integration method 
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(from Euler to RK4) using the model setting function in Vensim software. Then 

perform simulation runs to assess changes in the behaviour of selected model 

variables. The test is supported by Microsoft excel to conduct a paired sample t-

test for changes to both the time step and integration method. To perform the 

paired sample t-test, formulate two hypotheses stating that: 

i. There is no statistically significant differences between the various means of 

the selected variables of interest for both time steps i.e. 0.125 and 0.0625 using 

Euler integration method by formulating null (H0) and alternate (H1) with the 

following mathematical notations:  

H0: μtime step=0.125- μtime step=0.0625=0                   i.e., H0: μD=0   

H1: μtime step=0.125- μtime step=0.0625≠0                   i.e., H1: μD≠0   

Where μ indicates the mean of the selected variables and μD indicates the 

difference in the means of the variables. 

ii. There is no statistically significant differences between the various means of 

the selected variables of interest for both method of integration i.e. Euler and 

RK4 using time step of 0.125 by formulating null (H0) and alternate (H1) with 

the following mathematical notations: 

H0: μEuler 0.125- μRK4 0.125=0                   i.e., H0: μD=0    

H1: μEuler 0.125- μRK4 0.125≠0                   i.e., H1: μD≠0    

Where μ indicates the mean of the selected variables and μD indicates the 

difference in the means of the variables. 

Therefore, to test the hypotheses presented in i. and ii. above, perform a paired sample t-

test for the five (5) selected variables, i.e. work progress, work execution rate, defective 

execution of work rate, expected workforce quantity, and average quality of completed 

project work using Microsoft excel. To do that, formulate a decision rule to enable making 

a decision on the results of the hypothesis. That is, compare the computed value level of 

significance, i.e. p-value with the hypothesised level of significance, i.e. α- value, taken 

as 5% (0.05). The interpretation is that if the p-value of a selected variable is less than the 

hypothesised α- value of 0.05, the null (H0) is then rejected; otherwise, the null hypothesis 

is accepted. 

This can be demonstrated by computing the t-statistics of the selected variables. From the 

results of the computed t-statistics, observe the p-value of each of the selected variables 

and if the p-value is greater than the hypothesised significance level of 0.05, then this 
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means that the null hypothesis for the five (5) are accepted, and hence the alternate 

hypothesis is rejected. The interpretation is that there is no statistically significant 

difference in the means of the selected variables. In other words, it suggests that, 

irrespective of the time step and method of integration, there are no changes in the 

behaviour of the selected variables. 

d. Behaviour reproduction test: Perform behaviour reproduction test by performing 

simulation runs and observe the contextual behaviour of selected variables i.e. 

work to be executed, work properly accomplished, quality defects, and 

accumulated completed project work (see step 2) to assess whether the 

behavioural patterns are in tune with real life scenarios of typical highway project 

delivery in Nigeria using experience in highway project development and relevant 

contextual literature sources (grey and empirical). 

e. Boundary adequacy test: Perform boundary adequacy test by observing the 

structural relationships in the model and assess whether the structures and 

concepts for addressing the contextual issues for which the model is designed are 

endogenous to the model and satisfies the purpose of the model using the model 

boundary chart and experience in highway project development.  

f. Extreme condition test: Perform extreme condition test by subjecting some of the 

model equations to extreme values. During the test, modify the selected model 

algorithms and assign extreme values such as 0, 1, 100% and 100,000, and 

perform simulation experiments to ensure that there are no irrational responses in 

terms of the values of the output. 

❖ If the model passed all the tests during verification, then proceed to step 4.  

❖ If the model fail the tests, then go back to step 1 and review the model structure 

and model algorithms. 

Step 4: Perform policy experiments to identify points and elements that will improve the 

entire system. To perform this policy experimentation, change the values of key 

parameters through trial and error to discover important elements of the system that will 

improve the entire system. 

❖ If there are improvements in the behaviour of key variables of interest, then derive 

policy recommendations.  

❖ If there are no improvement in the behaviour of key variables of interest, then 

review and repeat step 4 i.e. policy experimentation 


