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Abstract 

One common theme in the international construction sector is variation in projects, which has 

influences on construction project outcomes. This study argued that variation can take place 

during all phases of a construction project and can be defined as any change during the project 

life cycle that might affect the contracted cost, time, quality or scope parameters. From the 

wide literature review of previous studies that has been conducted on variation in construction 

projects, it was found that there was a gap in estimating the influence of variation on 

construction project outcomes in terms of duration and cost overruns.  

Therefore, the main aim of this research was to propose a model that could be used to 

estimate the influence of variation causes on construction project outcomes in the Kingdom of 

Saudi Arabia (KSA) for clients to use, which would lead to a new contribution to the 

literature in the construction industry. A mixed research methodology was adopted to achieve 

the aim and objectives of this research. An in-depth literature review has been carried out to 

synthesise existing knowledge on the sources, causes of variation and their impacts on project 

success criteria of construction projects in KSA in terms cost, time, quality and scope. This 

has resulted in the elicitation of a large list of possible causes of variation factors. The list was 

classified and clustered according to the source of the variation into four homogenous groups. 

This was then developed into a questionnaire for collecting primary data by using an online 

survey for this purpose. Several statistical tools were used to analyse the variation in the 

respondents’ answers to estimate the association between a set of causes of variations and 

their impact on project success criteria.  

A regression model to assess the percentage of duration overrun due to causes of variation 

was proposed utilising the data obtained from 18 project cases from KSA. The model’s 

independent variables, i.e. the causes of variation, were selected based on their significance 

and high correlation to the dependent variable (i.e. percentage of duration overruns). To 

summerise, this research was sought to map project duration overrun into causes of variation 

and presented an equation of selected regression model that could be used to estimate the 

percentage of the duration overrun of construction projects in KSA based on the significance 

influence of certain causes of variation. The model served as a vehicle for assessing the 

impact of variation on project performance. It also enabled clients and consultants to identify 

strategies for management variation, and assisted them in identifying the causes that may lead 

to undermining project performance. 
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1. CHAPTER ONE – GENERAL INTRODUCTION 

 

 Introduction 1.1

This introductory chapter describes the research problem through introducing the contextual 

aspects of this research. The chapter further presents the research questions, aims and 

objectives and subsequently its hypothesis. The final section of this chapter provides an 

overview of this research and the structure of this thesis. 

 

 Research Context and Background Information  1.2

Variations in the construction context refer to the eventual differences in the planned and 

actual materialisation of events (Kerzner, 2013). One common theme in the international 

construction sector has been the drive to pinpoint the causes of variations with a view to 

suggest mitigations needed to avoid or minimise the consequences caused by variation 

(Kerzner, 2013; Alnuaimi et al., 2010; Arain and Pheng, 2005). As far as construction and 

engineering projects are concerned, the concept of variation in projects is still a challenging 

topic, not only to study and analyse, but even to define.  

Variation can be defined as the difference between the actual constructed works compared 

with that which was planned, e.g. according to a task’s start time or its duration. Therefore, 

any alteration in the planned start time of a task and/or its construction time would inevitably 

disrupt other tasks as a result. Consequently, the quality and/or cost of the project could be 

affected. Thus any addition, removal or any other amendment to project objectives and scope 

of work is considered to be a variation (Ibbs et al., 2011). In an alternative definition, 

variation is a clause that describes any modification to the feature or volume of the works 

with respect to the original contract documents (Hibberd, 1986). Ayodele et al. (2008) cited 

that the variation was defined as “the alteration or modification of the design, quality or 

quantity of the works as shown in the contract drawings”. 

Likewise, Bin-Ali et al (2008) clarified variation orders as “any deviation i.e., alteration, 

addition or omission, from the contract with regard to contract drawings, specifications, 

and/or bills of quantities”. Consequently, variation orders are issued after implementation of 

the contract to authorise a change in the work or an amendment in the contract quantity and/or 
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the contract programme (Clough, 1994). Hence, this modification would amend the original 

agreement and is considered as an additional reference of the contractual relationship 

(O'Brien, 1998). Therefore, in most construction projects certain boundaries should be agreed 

in relation to the total cost of the project to overcome any possible variation that could occur. 

Ssegawa et al. (2002) further explained that it is hardly possible to finish a construction 

project without any variations in plans or the process of construction itself because of the 

complex activities taking place during construction. Moreover, Al-Dubaisi et al. (2000) 

described that variation orders are the principal reason for compromised performance in 

construction projects in Saudi Arabia. Variation in construction projects is almost inevitable 

(Aziz, 2013). It is emerging as a genuine cause of number of problems in construction 

projects. These problems include delays that range from minor delays of a few months to 

major delays of more than double the original project duration. The problems also include 

surpassing the project budget. Delay and over-running the budget cause a range of negative 

consequences and could be massively significant, especially in construction projects relating 

to public sector services. 

This study argues that variation can take place during all phases of a construction project and 

can be defined as any change during the project cycle that might affect the contracted cost, 

time or quality parameters. This work also assumes that variation in construction projects has 

four main sources – the client, the contractor, the consultant and external sources. This 

research explores the causes of variations using engineering modelling techniques for 

construction projects in Saudi Arabia.  

Naturally, for a country to successfully accommodate an expansion in population it needs to 

build different types of projects. These projects must not only take into consideration the 

needs of the intended users, but also the resources available to those ordering their creation. 

Certain variables accompany construction processes, whether they are material, such as 

money, or abstract, such as time, and inevitably lead to undesired consequences when they are 

breached. These breaches of the planned parameters are known as variations. The Kingdom of 

Saudi Arabia (KSA) has a vibrant construction and engineering industry that executes 

assorted projects in various subsectors. This research therefore explores the role of variation 

orders in construction projects, with a particular focus on construction projects in Saudi 

Arabia. It analyses the main sources and causes of variation in construction projects. 

Furthermore, the research investigates the main success factors and the relationship between 
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the causes and the success factors in construction projects to identify the impacts on project 

success criteria Cost, Time, Quality and Scope. The thrust of the research is to develop a 

model that could be used to price variations in construction projects in Saudi Arabia.  

 

 Research problem 1.3

The problem for this research emanated from the gap in the literature on how to model the 

influence of the causes of variation on construction project outcomes. The preliminary 

literature review found that there is a gap in estimating the influence of variation in 

construction projects regarding whether it has positive or negative impacts on project 

outcomes. This created a research necessity to develop a new model for analysing the impact 

of variation in construction projects, which could lead to a new contribution to the literature 

on the construction industry. From the onset, it is clearly known that variation can be the 

difference between the actual constructed work compared with what was scheduled in terms 

of a task’s start time or its duration (Ibbs et al., 2011); variations are also known as any 

change to the basis on which the contract was signed (Baxendale and Schofield, 1986; Bin-

Ali, 2008; Oyewobi et al. 2015). Variation involves not only changes to the issues relating to 

the work according to the conditions of the contract but also changes to the working 

conditions themselves (Ssegawa et al., 2002); meaning that “any deviation i.e., alteration, 

addition or omission, during construction processes with regard to contracted drawings, 

specifications, and/or bills of quantities” (Bin-Ali, 2008) sited in Enshassi (2010, p 541). 

Deviations tend to be triggered by management decisions or actions (and inactions) by those 

responsible for managing projects. For instance, variation of productivity can be calculated as 

the change between daily productivity and the baseline productivity (Hsiang et al., 2011). 

This shows that there is potential to incorporate variation models into the process of project 

budgeting, particularly in the contingency estimation of project risks. 

Several recent studies have attempted to investigate variations from different perspectives. 

For example, Asamaoh et al. (2013) identified the root causes of variation, effects of 

variations on projects in Ghana and the means of reducing the impact of variation orders. 

Ogunsanmi (2013) investigated the effects of procurement-related factors of procurement 

selection criteria, tendering methods and variation orders on project performance. Aziz (2013) 

categorised causes of variation into four groups according to the variation initiator 

(client/owner, contractor, design/consultant and miscellaneous). It was found that the owner-
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initiated category causes were the main causes of variations. Alsuliman et al. (2012) 

concluded that there is a general lack of knowledge about managing variation orders in public 

construction projects. Also, they presented participants’ suggestions regarding the most 

appropriate ways of doing so. Enshassi, Arain and Al-Raee (2010) investigated the causes of 

variation in construction projects in the Gaza Strip. Alnuaimi et al. (2010) ranked factors 

causing variation in construction projects. Wang, et al., (2012) focused their research on the 

causes of variation in concrete slab production and the subsequent impacts of these variations. 

Arain and Pheng (2005) sought to provide information for a detailed exploration of the 

potential effects of variation in building projects. Moselhi, Assem and El-Rayes (2005) 

explored the effect of change orders on labour productivity. Oyewobi et al. (2015) conducted 

a study to identify and test the effects of variation causes on time and cost performance.  

This research presents a literature review of academic studies that were published on the 

subject between 1986 and 2016. The majority of thses studies organized the sources of 

variation into four main categories: clients, consultants and contractors and external sources. 

Once the source of a variation can be identified, it is possible to model the impact the 

variation may have on other stakeholders (Aziz, 2013). Moreover, there were different causes 

of variation among the reviewed studies related to each source of variation. These causes of 

variation were allocated in the review according to their origin and reviwed in details in 

section 2.5 of this research. Furthermore, A wide-ranging list of references was also 

presented.  

From the wide literature review of previous studies (see chapter 2) that have been conducted 

on variation in construction projects, it was found that there is a gap in estimating the 

influence of variation on construction project outcomes in terms of duration and cost 

overruns. Therefore, proposing a model for pricing variation is essincial to assist in 

developing budget contingencies for managing the impact of causes of variation in 

construction projects. This research will focus on prposing a model for pricing the time 

overrun variation in construction projects.  

 

 Research Aim 1.4

The aim of this research is to explore the role of variation orders in construction projects, with 

a particular focus on construction projects in Saudi Arabia. The research examined the main 
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sources and causes of variation and proposed a model that could be used to price variations in 

construction projects in Saudi Arabia. 

 

 Research Objectives 1.5

The main objectives of the study were to: 

 To identify the main sources, causes and impacts of variation in construction 

projects in KSA. 

 To examine the relationship between variation causes and their impacts on 

project success criteria of construction projects in KSA. 

 To propose a model for analysing the influence of variation on construction 

project outcomes in KSA for clients to use. 

 

 Research Questions 1.6

The following research questions have been used as a guide to generate data necessary to 

achieve the aim:  

 What are the main sources, causes and impacts of variation in construction 

projects in KSA? 

 What is the relationship between variation causes and construction project 

success criteria in KSA? 

  How to develop a model for analysing the influence of causes of variation on 

construction project outcomes (duration overrun) in KSA for clients to use?  

 

 Hypotheses  1.7

The following hypothesis has been designed to facilitate the process of establishing the real 

situation based on the primary data and in order to be able to compare it with the findings in 

the literature.  
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1.7.1 Hypothesis one 

There is a unique combination of variation causes that have been impacting construction 

project outcomes in the Kingdom of Saudi Arabia  

H01: β1 = 0. There is no statistically significant difference between the respondents' 

perceptions on impact of variation causes on project success criteria (time, cost, quality and 

scope). 

H Α1: β1 ≠ 0. There is a statistically significant difference between the respondents' 

perceptions on impact of variation causes on project success criteria (time, cost, quality and 

scope). 

 

 Research Methodology 1.8

The research methodology has been designed with both positivism and interpretivism 

philosophies in mind (Saunders et al., 2009); this is because the nature of the data from 

variation orders could either be quantitative and or qualitative. For this reason, the research 

adopted a combination of quantitative and qualitative research methodologies (Naoum, 2012) 

in order to ensure that data relating to variation orders can be captured. The most ideal 

research methods included a critical review of the literature and 18 case studies from leading 

organisations in KSA. It was also important to supplement the data collection methods with a 

questionnaire applied to the construction industry in the Kingdom of Saudi Arabia. The 

research methodology and research processes are explained in details chapter six of this 

thesis. 

  

 Academic novelty of the research 1.9

The novelty of this research was in covering the observable gap in the body of knowledge on 

how to model variations in the construction industry that would analyse the relationship 

between duration overrun and causes of variation. The outcome of this study forges stronger 

links between causes of variation and their impact on a project outcome in terms of time 

overrun. The proposed model could be used to price variations in construction projects, 

mainly in Saudi Arabia construction industry. 
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 It was hoped that the review will be useful resource for everyone who is interested in 

construction projects variation research. The outcomes of this research will help to motivate 

further interest research in this area and builds a sold base over the knowledge gab of pricing 

the influence of variation on construction projects outcomes. The suggestions for future 

research areas are listed in section 11.7 of this research. 

 

 Practical novelty of the research 1.10

The purpose of the research is to propose a model that could be used practically for pricing 

the influence of variation on construction project outcomes. During the course of the study, 

different methods of data collection were conducted; such as distribution of questionnaires, 

collecting data from construction projects files and meetings with professionals. The research 

methodology is presented in chapter 6. After collecting data, special statistical tools and 

software were required to manage the database and get the required results. The model was 

optained from the results and tested for ablicabilty by using real case studies. Chapter 9 

shows the methodology adopted in the modelling proceses. 

In practical, the model assists organisations to simulate project performance and maintain the 

impact of variation at a minimum level that can be financially tolerated. The model serves as 

a vehicle for assessing the impact of variation on project performance. It also enables clients 

and consultants to identify strategies for management variation, and assists them in 

identifying the causes that may lead to undermining project performance. Moreover, it can be 

used by businesses to model their own factors and help in their decision-making, as opposed 

to using anecdotal evidence. The proposed model can be globally used to analyse the causes 

of variations and is not limited to the Saudi context, providing the primary data is changed to 

reflect the context of the application. 

 

 Structure of the Thesis  1.11

This thesis is divided into 11 chapters to cover the area of the topic clearly. Chapter one 

introduces the research, explaining the background as well as the knowledge gap that was 

used as a motivation for the research. The chapter also examines the aim, objectives, research 

questions and hypotheses. It briefly explores the research methodology and the justification 

for the choice of a mixed research methodology that relied on case studies, questionnaires and 

mathematical modelling as the means of collecting and analysing data.  
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Chapter two undertakes a critical review of the sources of variation orders and how they 

impact the construction business in general. Chapter two was essential in establishing a 

typical set of factors that were crucial to the design of primary data collection tools with 

regard to the choice of questions and factors to rank in the research.  

Chapter three is a follow-on discussion of the potential impacts of variation causes. It was 

vital to examine the impacts of variation causes so that their links could be assessed with 

regard to their interconnectivity that was established in Chapter two. This chapter was also 

vital in the process of designing the questions for primary data collection.  

Chapter four presents a detailed review of the theory of regression technique and how it can 

be used to model various forms of data. The theory of regression is then linked to how it can 

be used to predict possible behaviour of the data in order to establish any patterns. This 

chapter is vital for the establishment of the possible methodology of modelling variation 

orders in general.  

Chapter five undertakes a critical review of how Monte Carlo and sensitivity analysis could 

be useful techniques for undertaking predictive calculations based on quantitative data in 

order to aid decision-making. Therefore, Chapter five was necessary to supplement Chapter 

four in order to examine engineering techniques that can be used to create models of any sort. 

The theory and practice is necessary for this research to develop a model that can be useful in 

the use of variation orders to estimate resources for projects.  

Chapter six examines the philosophy and approach to research including all justification for 

the choices made in terms of philosophy, approach, methodology and research methods. The 

chapter examines the ideal sampling techniques and how the theory has influenced the 

research strategy adopted herein. The chapter also establishes the codes for variation orders 

that were used in collecting primary information.  

Chapter seven analyses the data from the survey (interviews and questionnaires). It ranks the 

information in tabular form so that there can be a comparative analysis of the results from the 

perspective of the industry practitioners. It also links the results to the literature review on 

sources and causes of variation orders – except it clearly links them to the KSA.  

Chapter eight provides ANOVA tests to examine the significance correlation between 

variation causes and their impact on project success criteria.  
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Chapter nine discusses the regression models, Monte Carlo simulation and sensitivity analysis 

based on a case study of 18 projects in Saudi Arabia as well as the results from the survey of 

the industry. The results from the models have been used to demonstrate the models’ 

capability to predict the impact of variation orders on project resource estimations.  

Chapter ten discusses the results as well as providing a coherent overall view of the research. 

It also provides answers to the research questions and hypothesis. 

Chapter eleven reports conclusions and recommendations from the research, and the areas for 

future research. 
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2. CHAPTER TWO – A CRITICAL ANALYSIS OF SOURCES AND CAUSES 

OF VARIATION ORDERS 

 

 Introduction  2.1

According to Wang et al. (2012), variations can be defined in a number of ways, depending 

on the people within a particular industry and organisation. For example, if the work was 

planned to commence on a particular day and time it can be referred to as a variation if the 

planned day and or time has been missed (ibid). Their argument implies that variations could 

mean the “timing” or the “duration” of the tasks (Wambeke et al, 2011) or the use of 

resources, as well as the changes to the scope of the work (Wang et al., 2012). A critical 

review of variations for resources, according to Dai et al. (2009a), looks at how individual 

resources such as operatives would have to be redeployed if the job that they had been 

scheduled to undertake is postponed or rescheduled. For this reason, companies could be seen 

to optimise their use of resources when variations are triggered. Therefore, changing the 

structure of deployment for operatives due to variation is seen as a management issue (Dai et 

al., 2009b); hence Wang et al. (2012) opined that the real issue should be addressing the 

insufficiency in the management of variations; either by eliminating variations or by closely 

managing the causes thereof. From the forgoing, it can be seen that the issue of variations in 

the construction sector is rife. In this chapter, the sources of the variation orders and their 

influence on the projects are reviewed. In particular, it illustrates the major origins of the 

problems causing the changes in a project or variation orders at any stage of the project. The 

chapter concludes that even if there are many attributes to the issue of variation orders it is 

important to find a systematic way to model them in such a way that they can be managed 

properly. It also argues that causes for variations do not come from arbitrary sources, but 

rather from the decision-making structures of the project stakeholder group – some of whom 

can be more visible than others.  

 

 Exploring the Types of Variation Orders 2.2

For this research variation orders have been categorised in two ways: firstly, it looks at the 

benefits of variation orders and secondly it examines their detrimental aspects.  



N. Alsohiman                                          2017                               University of Liverpool  

 

 

11 

2.2.1 Beneficial Variation Orders  

There are times when variation orders become a necessity to the management of a project; in 

this way, they become beneficial as and when the cost and time is minimised by maintaining 

high-quality standards (Arain et al., 2005). Variation orders are also encouraged and adopted 

for ‘value analyses’ in order to gain stability in terms of cost, durability and functionality in 

order to satisfy the needs of the project owners, because it (value analysis) is a structured 

approach used to point out and eradicate needless costs. These are costs that do not affect the 

quality, use, durability, aesthetic aspects and client needs (Kelly, 2002). Notice that becoming 

beneficial implies that variation orders have to have a positive outlook on the project’s key 

performance indicators (Kerzner, 2013). This study is only concerned with the detrimental 

variations because of their negative influence on project outcome. 

 

2.2.2 Detrimental Variation Orders  

When variation orders create a negative impact on key performance indicators they are termed 

as detrimental to the project or the business. In such a case, it is quite straightforward to 

assess the deleterious effects incurred in the project due to certain types of variation orders. 

This means that, instead of value addition, the project does not satisfy the client’s 

expectations (Arain and Sui Pheng, 2005). There are several cases where the client has 

problems with project execution. For example, the client’s financial constraints may result in 

the quality of the project being reduced, e.g. poor material quality or abortion of some works, 

etc. This compromises the durability and valuation of the project. The causes of detrimental 

variation considered in this study are discussed in section 2.5. 

 

 Interconnectivity of Variations  2.3

According to Wambeke et al. (2011), it is possible to model the causes of variations in 

construction projects and, once the causes have been abstracted and modelled, they can easily 

be used to determine the effect they have on the project. Their research work concentrated on 

variations for time to commence the work (herein called time) as well as the time it could take 

to complete it (here in referred to as schedule). Although their research only looked at these 

two factors, they opined that variations were generally impacting construction productivity as 

well as the general performance of projects (Wambeke et al., 2011), meaning that their 
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analysis of cause and effect from variations could be as wide as possible, even if they started 

with just “time” and “schedule”. While the causes could be limited to a few factors, the 

overall effect could be as complex as possible and is dependent on the complexity of the 

project, the structure of the industry, the nature of the project team and the nature of the sub-

sector of the industry (Wambeke et al., 2011). Their research explored over 50 possible 

factors linked to variations in projects, from tools to labour, materials to design and site 

conditions, actual workflow to site management and the like (ibid). This shows that variations 

have a serious element of “interconnectivity” – the attribute that could lead to an explanation 

of how factors associated with variations tend to cascade way down the construction process 

and flow.  

 

2.3.1 Interconnectivity  

The issue of interconnectivity between variables that are related to variation order has been 

examined from the professionals involved in decision-making to the actual variation orders. 

For example, Akinsola et al. (1994) opined that designers – be they engineers or architects – 

have a major share of responsibility when it comes to causing variation orders. However, 

Wambeke et al. (2011) viewed interconnectivity as relating to the way the projects are 

planned for execution, whereby stakeholders could be issuing incomplete information such 

that they trigger variations which are then interconnected with other tasks in the project. One 

of the factors causing interconnectivity, according to Wambeke et al. (2011), is the multitudes 

of activities that are linked from the word go on any project such that the completion of some 

tasks forms the prerequisite for the commencement of others; this implies that the linkage 

between tasks or activities becomes virtually connected to the impacts triggered by variation 

orders. Therefore, analysis of the interconnections of variation factors with the project 

outcomes can only be achieved if the inter-correlations can be modelled and analysed in order 

to see the impact of each individual factor on the other factors and vice versa (Wambeke et 

al., 2011). This study investigates the interdependency of causes of variation through 

correlation, multiple regression and stochastic modelling (see Chapter 9). 

 

2.3.2 Magnitude and Impact of Variations  

According to Akinsola et al. (1994), the severity and impact of the variation orders is largely 

dependent on many variables. Empirical evidence indicated that variations could not easily be 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

13 

compared with one other, they argued (ibid). Realistically speaking then, it is not ideal to 

assess variations because of some predetermined magnitude of the orders or the impact they 

could have; rather, it is vital to examine the sources of such orders and how they can be 

provided for within the project work environment – see section 2.4. Further discussion on the 

impact of variation is provided in Chapter 3 

 

 Sources of Variation 2.4

Identification of the sources that could lead to variations is the most significant issue in 

eliminating variations’ consequences during the project life cycle (Akinsola et al., 1994). 

Consequently, the appropriate management of these variations could minimise their negative 

impacts. Variations could originate from changes in the thoughts of those parties associated 

with the project (Ndihokubwayo and Haupt, 2009; Ssegawa et al., 2002). Furthermore, Arain 

and Pheng (2005) proposed four parties which are considered as the main sources of variation 

in construction projects. These sources involve clients, consultants and contractors, with a 

fourth category for external sources. The external category refers to variation sources that are 

not related to the other three sources (Mohammad et al., 2010), for example, weather and 

political issues.  

Likewise, Arain and Pheng (2006); Oladapo et al. (2007); Ndihokubwayo et al. (2009); Bin-

Ali et al. (2008), Keane et al. (2010);  and Aziz (2013) adapted the same approach for 

building projects. Therefore, this classification can be considered as a reliable way of 

classifying the main sources of variation for the purposes of this study.  

 

2.4.1 Owner/Client-Originated Variation 

The client is defined as a party who finances the project (whether that be government, public 

sector or private) or who orders the construction project for a certain purpose. The client has a 

large role in initiating variations in projects (Aziz, 2013); (Jawad et al., 2009); 

(Ndihokubwayo and Haupt, 2009); (Mohammad et al., 2010). 

The variations can occur by means of a direct request to alter a contracted work, or through a 

representative act from the consultant on the client’s behalf (Oladapo, 2007), whether in the 

design phases or the following stages (procurement, contractual agreements, 
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implementation/construction phases). The owner also could also be responsible for the project 

management after the completion. 

Alnuaimi et al. (2009) conducted a case study of four construction projects in Oman. Owner-

initiated variations were found to be the most common category of variation causes. Likewise, 

Love and Edwards (2004) reported that owner-initiated variations represent a main source of 

time and cost overruns. Aziz (2013) put forward 52 different causes of project cost variation 

in Egyptian wastewater projects, categorised into four groups according to the variation 

initiator (client/owner, contractor, design/consultant and miscellaneous). After comparing a 

statistically representative sample, it was found that the owner-initiated category caused the 

most variations. Likewise, Ndihokubwayo and Haupt (2009) considered the client as a major 

source of variations due to uncertain conditions and modification requirements. More 

specifically, Al-Dubaisi (2000) specified that the stage where the client most often requested 

modifications to a project was the design phase.   

On the other hand, Ismail et al. (2012) noted that changes in project plans or scopes by 

employer, errors and omissions in design, and financial standing of owner/client are also 

critical parameters governing the variation orders in road construction projects.  

On the other hand, it could be considered unrealistic to expect a project to not encounter 

variations. Sunday et al. (2010) stated that “it is almost becoming a rare thing for a project not 

to have variation, thus becoming a normal occurrence in all construction projects”. Therefore, 

the client should expect variations to occur and accept some modifications during the project 

processes (Tse and Love, 2003). 

  

2.4.2 Consultant-Originated Variation 

In the design phase, the main role is played by the designer handling the project. They are 

responsible for data collection, exposition and visualising the project. They prepare the 

primary studies and alternative plans, including the technical drawings, quantity estimations, 

and contractual clauses, reviewing these until the final shape of the project is agreed. Post-

contract, the role of the consultant begins. Enshassi et al. (2010) investigated the causes of 

variation in construction projects in the Gaza Strip. Design changes ordered by the consultant 

were ranked as the second highest cause of variation orders.  
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The consultant-originated problems causing variation orders according to Mohammad et al. 

(2010) are: design changes, poor designs, problems in contract agreements, complex nature of 

design, insufficient drawing details, and poor knowledge of materials and methods to be 

adopted in the smooth execution of a project. More details about causes of variation related to 

the consultant will be presented in section 2.5.3  

 

2.4.3 Contractor-Originated Variation 

The contractor is the party responsible for the implementation of the project within an agreed 

budget and in compliance with the requirements set out in the contractual agreement. The 

party responsible for the implementation of the project often sub-contracts sections to other 

operators. Sambasivan and Soon (2007) researched time delays in construction projects and 

found that four out of the five top causes for time overruns were attributed to the contractor.  

In another study, by Fallahnejad (2013) on delays in Iran gas pipeline construction projects, 

one of the contributing reasons was the contractor who caused delays in addition to several 

other causes.  

Thus, in summary, the contractors originate such variation orders because they fail to fulfil 

certain requirements when carrying out project works, and these are the reasons (Mohammad 

et al., 2010): lack of involvement, insufficient machinery or equipment, lowly skilled 

workforce, financial constraints and lack of professionalism.  

 

2.4.4 External Sources of Variation 

This category refers to variations that are not initiated by a party involved in the construction 

project. This is a wide category that can include a variety of external factors. Enshassi et al. 

(2010) found that external factors affecting the supply chain were the highest cause of 

variation. Kaming et al. (1997) concluded that an external factor, the weather, was the most 

prominent cause of variation in construction projects in Indonesia.  

Additionally, the study by Mohammad et al. (2010) on building construction projects in 

Malaysia described some of the reasons for variation orders, which include: amendments in 

government regulations, changes in weather conditions, economic crisis faced by the country, 

natural disasters, etc.  
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Table 2-1 provides a summary of the main sources of variation causes in construction 

projects. 

Table 2-1 Source of variation (Eigbe, 2016) 

 

 Causes of Variation Orders  2.5

From the preceding studies, it is clear that there are different issues that can cause variations 

during the project cycle. These variations can have either a direct or a non-direct impact on 

project stages, either negatively or positively. Most often these variations have impeded 

project success for the project’s parties (Ibbs, 2011) in terms of quality, cost, time or scope. 

These impacts will be discussed at a later point in Chapter 3 of this thesis. It is difficult to 

define the aspects of the causes of variation, and it becomes more complicated the larger and 

more complex a task becomes, with more interdependent activities. This requires continuous 

monitoring of the project’s construction and the provision of plans to mitigate or avoid the 

negative consequences of these variations (Liddell, 2014). These amendments to the project 

timetable should be carried out with the knowledge of all parties, with good communication 

to avoid future disagreement, claims or disputes between stakeholders (Enshassi et al., 2010).  

Therefore, for optimum project performance, an effective analysis of variation orders 

necessitates a complete knowledge of the root causes (Hester et al., 1991; Keane et al., 2010). 

Having explored the different sources of variation, this section will now seek to offer simple 
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examples of the differing causes of variation that can be attributed to each group of variation 

sources as categorised in the literature review of section 2.4 of this thesis.  

2.5.1 Causes Related to the Owner 

The owner adding works and making changes to the agreed design was found to be the 

highest ranked factor causing variation in construction projects by Ayininuola and Olalusi 

(2004) and Alnuaimi et al (2009). One reason for such variations is the owner’s lack of design 

and construction experience (Akinsola et al., 1997). Another reason for the owner initiating a 

variation is due to their financial situation. Sometimes there are cash-flow issues that prevent 

the owner being able to pay the contractor on time, or the projected amount. As a result, the 

owner may make variations to bring the cost of the project within his/her revised budget, such 

as changing construction materials (Pourrostam et al., 2012). 

Similarly, Halwatura and Ranasinghe (2013) studied the causes of the variation in the 

construction industry in Sri Lanka by analysing 11 projects in their investigation. The authors 

also concluded that one of the major causes was the client. This was due to the poor 

estimation of the project cost. Arain et al. (2005) investigated the causes and discrepancies in 

construction projects. They reported that some of the problems from the owner side were the 

main reasons of variation orders causing delays in the project, such as change of scope, 

change in schedules, financial standing and the project’s goals being unclear.  

A systematic literature review led to the extraction of the causes of variation due to the owner. 

These will be used to develop the research instruments. Table 2-2 below depicts the findings 

from the literature. 

Table 2-2  Code description of variation causes instigated by the Owner 

 Causes of variation instigated by the Owner References 

1  Inadequate planning led to change in project 

purpose and scope 

Hibberd (1986); Fisk (1997), 

O’Brien (1998); Weisfeld and 

Ciccozzi (1999); Wang et al.  

(2000); Mokhtar, et al. (2000); 

Gray and Hughes (2007); Ssegawa 

et al. (2002); Gbeleyi (2002); 

2  Change of implementing schedule by owner   

3  Bureaucracy in prompt decision-making process 

4  Obstinate nature of owner 

5  Inadequate experience of owner's staff 
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2.5.2 Causes Related to the Consultant 

Finding errors in the design drawing is a simple example of an aspect of the consultant’s 

responsibility that will result in variation during the construction stage. Observation of 

contractor negligence and sub-performance is another example that could lead a consultant to 

issue a change order.  

Enshassi et al. (2010) explained the causes of consultant-initiated variation orders. The main 

reasons were design variation, errors in design, conflicting contractual agreements, poor 

coordination between the project stakeholders and lack of ability to procure the desired 

materials. 

 Sunday et al. (2010) also explained the problems caused by the consultants that eventually 

caused variation orders in a project, for example, insufficient drawing details, design 

6  Lowest bidding procurement method Ayininuola and Olalusi (2004); 

Arain (2005); Arain and Pheng 

(2005); Gelos (2005); Oladapo 

(2007), Arain and Pheng (2008); 

Alnuaimi et al.  (2010); Enshassi 

et al. (2010); Sunday (2010) 

Muhammad et al. (2010); Babalola 

and Idehen (2011); Ismail et al. 

(2012); Fallahnejad (2013); Aziz 

(2013); Asamaoh and Nyako 

(2013); Halwatura and Ranasinghe 

(2013); Eigbe (2016)  

 

.  

 

 

7  Additional works added by owner 

8  Mode of financing and payment for completed 

work 

9  Shortening in project period 

10  Obstacles in project’s site haven't been solved 

before starting the project 

11  Long period between design and time of 

implementation’s start 

12  Managerial corruption 

13  Inadequate penalty in the contractual documents 

towards contractor’s delay 

14  Political pressure to speed-up construction 

processes 

15  Limitation of local construction codes 

16  Rigidity of Public works contract 

17  Absence of continuous supervision from top 

management 

18  Restrictions against foreign companies 
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problems, conflicting contractual documents, inadequate clarity in the scope of the work, 

design errors and omission, lack of coordination between project parties, lack of decision-

making power and knowledge, and insufficient knowledge of the available materials and 

machinery. Similar observations were also made by several other authors (Assaf et al., 1995; 

Assaf and Al-Hejji, 2006; O'Brien, 1998; Chappell and Willis, 2013; Mokhtar et al., 2000). A 

systematic literature review led to the extraction of the causes of variation due to the 

consultant. These will be used to develop the research instruments. The table below shows the 

findings from the literature. 

Table 2-3  Code description of variation causes instigated by the consultant 

 Causes of variation instigated by the 

consultant 

References 

1.  Errors and omission in design Al-Hammad and Assaf (1992); Clough 

and Sears (1994); Assaf, et al. (1995); 

Chappell and Willis (2013); Chan and 

Kumaraswamy (1996); Puddicombe 

(1997); Fisk (1997); Cambridge 

Systematics, Inc. (1998); Mokhtar, et al. 

(2000); Wang (2000); Gbeleyi (2002); 

Arain (2005); Oladapo (2007); O’Brien 

(1998); Alnuaimi et al. (2010); Sunday 

(2010); Muhammad et al. (2010); 

Babalola and Idehen (2011); Ismail et al. 

(2012); Asamaoh and Nyako (2013); 

Halwatura and Ranasinghe (2013); 

Lindhard and Wandahl (2014); Hanif  et 

al.,  (2016); Eigbe (2016) 

 

 

2.  Lack of coordination among project parties 

3.  Lack of consultant's knowledge of available 

materials and equipment 

4.  Inaccurate estimation of implementation cost 

5.  Absence of contractors’ involvement in 

design stage 

6.  Conflict between design consultants and 

implementation consultants 

7.  Insufficient working drawing details 

8.  Acceleration of design phase’s time  

9.  Consultant’s lack of experience and 

specialist 

10.  Complexity in design  

11.  The objectives of the project are not well 

defined  

12.  Lack of previous similar projects' data  

13.  Frequent change of consultant’s staff  

14.  Safety consideration  
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2.5.3 Causes Related to the Contractor 

The variation orders are a complex phenomenon involving a wide variety of causes such as 

those initiated by the contractor besides those discussed in the above section. Mainly, a lack 

of experience and qualifications can be a common cause of variation originating from the 

contractor. This leads to the project being reworked, since it does not satisfy the pre-decided 

and agreed work standards in terms of the quality desired by the client (Kaming et al., 1997). 

In addition, a shortage of resources is another contractor-originated problem resulting in 

variation orders. For example, if equipment or machinery is limited, the contractor has to 

rearrange the construction phases until certain equipment becomes available. This means that 

the contractor has to prioritise the work according to the urgency of the work required in a 

certain construction phase (Hanna & Gunduz, 2004). However, it has been suggested that the 

most efficient way of working is to focus on one piece of work at a time. This is achieved by 

finishing the commitments to previous projects before starting new work or project (Ismail et 

al., 2012) 

Moreover, several causes have reported for delays or changes in orders from the contractor 

side (Mohammad et al., 2010). The common ones are: very low input of contractor in design, 

insufficient machinery, barely skilled manpower, financial standing and poor workmanship. A 

systematic literature review led to the extraction of the causes of variation due to the 

contractor. These will be used to develop the research instruments. Table 2-4 below contains 

the findings from the literature. 

Table 2-4  Code description of variation causes instigated by the contractor 

15.  Applying value engineering   

16.  Restriction of local construction codes  

17.  Changes in some of the project ideas during 

design phase  

 Causes of variation instigated by the 

contractor 

References 

1.  Inadequate site investigation      Al-Hammad and Assaf (1992); 

Thomas and Napolitan (1994); Clough 

and Sears (1994); Assaf, et al. (1995); 

2.  Misunderstanding of tender documents and 

poor cost estimation for the table of quantities 
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2.5.4 Causes Related to the External Factors 

As previously mentioned, this category encompasses variations that are not attributable to one 

of the parties in the construction project. One such example is the weather conditions: severe 

rain can prevent work from taking place. Kaming et al. (1997) found that weather was a 

primary cause of variation. Inflation and market prices can also be a cause of variation. The 

during bidding stage  Puddicombe (1997); Fisk (1997); 

O’Brien (1998); Wang (2000); Arain 

and Pheng (2005); Gelos (2005); 

Oladapo (2007); Muhammad et al. 

(2010); Sunday (2010); Alnuaimi et al. 

(2010); Babalola and Idehen (2011); 

Ijaola and Iyagba (2012); Ismail et al. 

(2012); Halwatura and Ranasinghe 

(2013); Eigbe (2016). 

 

 

3.  Work suspensions due to conflicts               

4.  Lack of coordination between general 

contractors and subcontractors 

5.  Contractor’s extreme desire to maximise 

profitability  

6.  Lack of specialised construction manager      

7.  Shortage of skilled manpower and efficient 

equipment 

8.  Contractor's commitment to several projects 

at the same time with limited resources and 

potential 

9.  Contractor’s financial difficulties  

10.  Neglecting risk management procedure  

11.  Fraudulent practices, kickbacks and 

corruption 

12.  High machinery maintenance costs            

13.  High interest rates charged by bankers on 

loans received by contractors 

14.  Stealing and waste on site                                       

15.  Fast-tracking of construction processes                   

16.  Poor relationship between manager and 

labourers             

17.  Contractor experiencing difficulties in 

obtaining accreditation      
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rising cost of different supplies due to inflation will cause costs to increase, as seen in Kaming 

et al.’s (1997) study.  

A similar study was conducted by Amoatey et al. (2015) investigating potential causes in 

Ghanaian state housing construction projects. The authors found finance to be the most 

controlling factor in delays. In addition, inflation in terms of the country’s economic situation 

was also a reason for delays. Such delays caused cost and time overruns, etc.  

Moreover, economic conditions, unforeseen problems and government regulations affecting 

the projects have been pointed out by several authors as well (O’Brien, 1998; Yogeswaran et 

al., 1998; Wang, 2000). Other miscellaneous causes were described by Aziz (2013), such as 

variable nature of ground conditions, material price fluctuations, instability of product costs, 

inappropriate policies of the governments, complex nature of the project, material imports or 

inadequate production of required materials in a country, force majeure and several foreign 

firms controlling the projects in a country.  

Halwatura and Ranasinghe’s (2013) study described unexpected site conditions, political 

influence and inappropriate assessment of the project as the reasons for variation orders, in 

addition to the client-initiated ones. Similarly, Idehen studied construction projects in Nigeria 

and made similar observations as above (Idehen, 2011).  

A systematic literature review led to the extraction of the causes of variation due to the 

external causes. These will be used to develop the research instruments. Table 2-5 below 

depicts the findings from the literature. 

 

Table 2-5  Code description of variation causes instigated by the external factors 

 Causes of variation instigated by the 

external factors 

References 

1.  Natural disasters   Hibberd (1986); Al-Hammad and 

Assaf (1992); Clough and Sears 

(1994); Fisk (1997); Kumaraswamy 

et al. (1998); O’Brien (1998); 

Weisfeld and Ciccozzi (1999); Wang 

2.  Socio-cultural factors  

3.  Political issues   

4.  Unexpected ground conditions   

5.  Inflation      
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In summary, Figure 2-1 shows a schematic diagram depicting the potential sources of 

variation causes in construction projects. 

 

Figure 2-1: Abstraction of the main sources of variation orders in a typical construction 

project 

 

 

 

6.  Fluctuation in prices of raw materials     (2000); Ssegawa et al. (2002); 

Gbeleyi (2002); Arain (2005); Arain 

and Pheng (2005); Oladapo (2007); 

Sunday (2010); Mohammad (2010); 

Babalola and Idehen (2011), Ismail et 

al. (2012); Ijaola and Iyagba (2012); 

Halwatura and Ranasinghe (2013); 

Eigbe (2016). 

 

 

7.  Inadequate production of raw material in the 

country 

8.  Adverse effect of weather      

9.  Change in government regulations     

10.  Unforeseen problems  

11.  Environmental considerations   

12.  Pressure from Rights organisations  
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 Review of the construction sector in Saudi Arabia 2.6

 

2.6.1 Kingdom of Saudi Arabia as a country  

Saudi Arabia covers the largest area of what is known as the Arabian Peninsula with an area 

of 2.3 million square kilometres. Figure 2-1 shows Saudi Arabia boundary map and the 

internal distributed of 13 provinces, as well as the neighbouring nations within the Peninsula 

(Barakat et al., 2014). Like many nations in the Gulf Cooperation Council (GCC), the KSA is 

an absolute monarch where the King is the head of state and has a formal governance system 

that is structured in tradition, culture and the Islamic religion (Alqarni et al., 2016; Palmer et 

al., 2015). Therefore, the governance of the KSA is largely influenced by culture, social 

norms, Islamic religion and the rule from the Monarch (Katz, 1986).  
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Figure 2-2: Map of the Kingdom of Saudi Arabia showing 13 provinces (Source: Barakat 

etl., 2014).  

 

Even though the governance system typifies a Kingdom, there are clear signs that leadership 

in the KSA have been promoting construction standards to the same level as that found on the 

international market, argued Singh (2014). There are many reasons behind the demand for 

construction within the Saudi government, some of them relate to securing the economic 

prosperity of the people, modernising the economy as well as ensuring that the country can 

stem the security threats (Government of the Kingdom of Saudi Arabia, 2016). Without the 

construction industry many infrastructure projects could not have been implemented. To this 

end, the government of the KSA and its quasi-government organisations remain the largest 

end users of construction goods and services (Market-Line, 2017; Singh, 2014; Alqarni et al., 

2016). Therefore, the structure of a government and the governance thereof cannot be ignored 

if the model to manage variations is implemented.  

 

2.6.2 Political and Societal Structures of governance in KSA  

For this research it was critical to understand that the political system is driven not only by the 

monarch but also by the social and religious beliefs (Alqarni et al., 2016); meaning that for 

the industry of construction such a system of governance is reflected in the way business is 

conducted. A manner in which business is conducted in construction is largely influenced by 

the governance system as well as the religion (Katz, 1986); therefore, all the contractual 

relationships in the construction industry are governed by these two key principles (Singh, 

2014; Palmer et al., 2015). It implies that even though the KSA allows multinational 

corporations to work in the construction industry the overarching structure of the legal system 

is influenced by the Arabic culture (Palmer et al., 2015). Despite the strong cultural, religious 

and social influence in the politics of the construction industry, it has been realised in the 

2030 vision that the industry requires foreign direct investment (FDI)whereby investors from 

the international community are invited to invest in the KSA (OECD, 2013). By allowing FDI 

to trickle to the local economy, the industry is expected to have an internationally acceptable 

reputation that could ensure there is a long-term mutual benefit (Djokoto et al., 2014, p427). 

The 2030 vision of the KSA has realised that the business environment would need political 

and societal support so that there could be an increase in the FDI at regional level; this has 
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been the case in other regions of the world that have acted as a benchmark for development 

(Denisia, 2010; Young et al., 2014; Gordon, 2014) 

The KSA has been one of the nations in the emerging nations with a better economic 

performance because of the FDI it had been attracting over the past decades ((Nandi and 

Sahu, 2007; The Economist, 2015). However, the varied nature of the industrial set up has 

been detrimental to the faster pace for growth (European Commission, 2014); especially that 

the economy has heavily relied on the oil and gas market. Other emerging nations with a 

different political and societal structures, such as China, have outperformed the KSA in terms 

of benefits from the FDI (European Commission, 2014). The variability in the economic 

influence by FDI has been strongly linked to the theory of FDI It is therefore imperative that a 

brief but critical review of such theories is undertaken before examining the real data on FDI 

(European Commission, 2014; Hong, 2008; Young et al, 2014). The vision 2030 initiative 

from the government can therefore be seen as a weapon to open the trade between the KSA 

and the international community in a more transparent way and promote FDI, with a view to 

reduce the overreliance on the oil prices (Rogmans and Ebbers, 2013).  

 

2.6.3 Socio-economic development in KSA 

The political structure of the KSA has a massive link to the economic performance of its 

people. According to Rogmans and Ebbers (2013), the KSA has been embarking on measures 

to ensure there is a process of transforming the economy in order to reduce the reliance on the 

oil and gas industry. It was reported that the government introduced austerity measures on 

government spending such as remuneration, project funding; and the introduction of taxation 

across the economy (Saudi Gazette, 2016). However, the government has not ended on 

austerity per se; it has introduced the vision 2030 as a means to bolster a strong economic 

momentum (Government of the KSA, 2016). There was a realisation that prior to the vision 

2030, the government had a policy of “open cheque” approach to expenditure on projects. 

This policy ensured that government had been the major client and that delivery of projects 

was more important than other success criteria such as cost. However, Ghafour (2016) reports 

that there has been a significant shift in government policies with regards to the development 

of urban areas and industries after the shift in the policy to introduce austerity due to drying 

private sector investment. For example, the government has been looking to reassess the 2006 

policy developing four mega economic cities in Rabigh, Hail, Madinah and Jazan, plus the 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

27 

prestigious King Abdullah financial district in Riyadh (Ghafour, 2016) because of the 

financial crisis that has led to the depletion of reserves in the Kingdom (Saudi Gazette Report, 

2016). According to Muhammad (2016) the government of the KSA faces a growing problem 

of heightened expectations from the youths that are demanding, among other things, 

development in their jurisdictions and the creation of employment in the process. The high 

level of expectations from a youthful population has been fuelled by the 2006 policy of 

developing 4 major economic cities that promised planned change and modernisation of the 

nation through infrastructure and offer them security and economic prosperity (Husain, 2016; 

Ghafour, 2016; Muhammad, 2016).  

Government acknowledges this critical issue by ensuring that the vision 2030 has elements 

that can reinvigorate the completion of the economic cities that were started in 2006 and have 

not been completed (Ghafour, 2016). However, it has not instituted strategies that can be used 

to manage the commercial side of the proposed developments with regards to their 

commercial viability, private sector investment opportunities as well as addressing the 

potential threats from society.  Even though the vision 2030 would address the development 

of infrastructure, there is no evidence that the government would implement the management 

of operational challenges such as variation management. Variations have been critical to the 

weaknesses of the implementation of projects in order to avoid failure, as has been the case 

with the failure of the development of economic hubs.  

 

2.6.4  Construction sector in KSA as a vehicle for social and human 

development 

The KSA has many economic sub-sectors that are critical to the overall performance of the 

economy, and construction (Alqarni et al., 2016; Singh, 2014). Traditionally, the construction 

sector has been legally organised using the Latin Civil codes, which have cascaded via the 

French civil code law of 1949 and the Egyptian codes (Sayed-Gharib et al., 2011; Alhajeri, 

2000). However, the KSA has not stagnated in terms of allowing for the deployment of 

internationally recognised legal frameworks and contracts such the International Federation of 

Consulting Engineers (FIDIC suite of contracts). The government has own preferences of 

structuring contractual relations; however, the public sector projects have been reporting 

challenges with regards to government funded projects in terms of underperformance (Saudi 

Gazette Report, 2016). The “open cheque” syndrome has had a negative impact on the tools 
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for predicting and modelling projects constraints in order to improve the performance of the 

industry, and the economy at large (Husain, 2016). The industry, therefore, has observed that 

there has been a need to adopt measures that can apply the principles of commercial 

management in areas such as the – the definition of scope, monitoring and controlling 

business process with regards to production, including the management of supply chain 

relationships for government clients, customers and suppliers alike (RICS, 2016). Such 

principles, would include, the modelling of sources and causes of variations on projects.  

 

2.6.5 Policy issues relating to the construction sector in KSA 

According to Mahamid (2016), the factors affecting the poor performance of projects in the 

KSA are not unique; they are typical of and related to the challenges associated with 

managing costs, time, quality and the people. Therefore, the policy of allowing restricting the 

sector through strict legal framework has not been seen as the ultimate answer (Palmer et al., 

2015; Katz, 1986). The current policies of the construction industry emanate from the vision 

2030 where the emphasis has been to adopt the international standards in doing business. The 

overall policy has been to desire to transition the economy and the need to address technical 

competencies in overall management of developmental projects.  

As the transition takes place it is expected that there would be social-cultural and behavioural 

competencies in managing project environments that would either promote or stifle the 

attributes of variation management in the public sector (Winter et al., 2007). It has been 

envisaged that for the construction industry, the 2030 vision for the KSA would bring forth 

complex projects in a changing fiscal environment that would require detailed change 

management strategies for them to be successful (Whyte et al., 2016; Saudi Gazette Report, 

2016). There has been  a need for upfront planning and that could facilitate the management 

of business opportunities as well as minimising the potential threats to the infrastructure 

development. The 2030 vision for infrastructure would only be operationalised if it can 

recognise the financial constraints faced by the government (Ashworth et al., 2005) so that it 

can set on a lean footing (Zimina and Pasquire, 2011). 

The potential to succeed in the development of infrastructure for the 2030 vision does not lie 

with the continuation of the existing systems for the management of public projects 

(Siddiquee, 2010); but through the realisation the necessity for adopting commercial angle to 

projects (Lowe and Leiringer, 2005) and model the factors using engineering based solutions.  
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2.6.6 The role of the construction sector in the Saudi economy 

From April 2016 the government of the Kingdom of Saudi Arabia (KSA), through the royal 

decree of the reigning King Salman Bin Abdulaziz Al-Saud, has established a futuristic vision 

2030 with a focus on economic development and prosperity for all its people by year 2030 

(Government of the Kingdom of Saudi Arabia, 2016). There are many economic spin-offs 

under critical examination because of the Saudi Vision 2030; for this research, however, the 

focus has been on the level of readiness for the construction industry to deliver the needed 

infrastructure that would underpin the vision. According to Husain (2016), the vision 2030 

aims at the economic and social change of the people, and that the delivery of the change 

requires, among other things, the less dependency on the oil and gas revenue (Saudi Gazette 

Report, 2016). This implies that the construction industry has been earmarked as a key partner 

in the operationalisation and implementation of some of the visionary leadership that comes 

with the vision 2030. The demand for construction related products has been increasing at a 

higher rate after the announcement of the 2030 vision (Market-Line, 2017). As at December 

2017, “the Saudi Arabian construction industry grew by 1.2% in 2016 to reach a value of 

$27,414.4 million, and the market value forecast by 2021, has been pegged at $31,123.6 

million, an increase of 13.5% since 2016” (Market-Line, 2017, p2). 

Even though the industry is expected to grow rapidly in value, the output is not anticipated to 

be high mainly because of the operational challenges, amongst which are project variations 

(Al-Dubaisi et al, 2000; Aziz, 2013). It is, therefore, necessary to examine the general 

structure of the construction industry in order to facilitate the eventual examination of the 

sources and causes of variations and their impacts in the KSA. Although, the value of 

construction demand is expected to increase, the industry requires a holistic approach to 

making changes in the way project variations are modelled. Maintaining the status quo would 

be reactive and a detriment to the management of project resources that the KSA needs to 

attain the 2030 vision.  

 

2.6.7 The Market outlook of the Saudi construction sector 

As reported earlier in the introduction, the market value for construction products forecast by 

2021 has been pegged at $31,123.6 million, an increase of 13.5% since 2016” (Market-Line, 

2017, p2). This shows that the government has embarked on the operationalisation of the 
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economic policies aimed at opening up the economy and allow for FDI. However, the 

construction industry would need to make rapid improvements in the resolution of the 

constraints that permeate the sector. The issue of variations on projects is one such issue that 

would need to be addressed if the industry is to maximise the benefits from the government 

policies. The construction industry would have to operate as efficiently as possible because 

there are emerging demands for accountability from the government. The reactive approach to 

managing construction industry deficiencies should be avoided because there is no longer the 

open cheque where non-performance was equally rewarded.  

 

 Summary  2.7

This chapter has demonstrated that there are two sides to variation orders – a beneficial side 

and a detrimental side regardless of the sources of variation orders. Any organisation, 

therefore, would do well to assess if the process of applying variation orders would eventually 

lead to value addition to the core business or not. In addition, the chapter has demonstrated 

that variation orders are responsible for many indirect costs to projects as well as changes to 

the quality of the work. Similarly, this chapter has demonstrated that it is possible to model 

the causes of variation orders – as a key factor in determining the success criteria for projects 

in general. This is an essential element of the research because it informs the process of 

primary data collection in Chapter 6 of this thesis. However, before itemising the factors to be 

used in the data-gathering process for Saudi Arabia, it is crucial to undertake an examination 

of the processes of modelling variation orders and the possible impacts of using variation 

orders on construction projects – as explored in Chapter 3 of this thesis. Finaly, this chapter 

provided an overview about Saudi Arabia context.  
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3. CHAPTER THREE – ASSESSING THE IMPACTS OF VARIATION 

CAUSES ON PROJECT OUTCOMES 

 

 Introduction  3.1

The examination of variation orders in general has led to an understanding that any variation 

is a change on the basis of the pre-signed project (Baxendale, 1986). This includes not only 

the variation in project orders but also the working conditions of the project (Ssegawa et al., 

2002). However, variation orders do not mean changes to the whole contract; they mean the 

incorporation of certain modifications as and when required during project execution (Turner, 

2014). Although these modifications or changes are clearly described in the variation clause 

of a project, there is no explicit explanation of what they constitute. In particular, whoever is 

responsible for the variation, the design change causes substantial time delays (Chan and 

Kumaraswamy, 1996). However, the owner-initiated changes account for most of the time 

and cost overruns (Love and Edwards, 2004) which could be the primary source of the design 

variations.  

When variations are triggered – accidentally and/or intentionally – it can be difficult to model 

all the possible permutations for the impact because of the complex nature of the links 

between causes and effects thereof. For example, Oladapo (2007) opined that, even if the 

occurrence of variations is common, the impacts they have on both projects and the industry 

need to be modelled in detail if one is to understand variations. The research conducted by 

Oladapo (2007) centred on an analysis of the significance of variations in relation to cost and 

time data from many projects. Therefore, assessing the level of significance of variations is 

the essential element in any project because determining this significance has the potential to 

trigger a management reaction from the organisation. Thus, as a whole, time and costs 

overruns are major problems caused by the variation in orders (Ibbs, 1997; Ibbs et al., 1998; 

Morris, 1998; von Branconi and Loch, 2004). Furthermore, Hanif et al., (2016) stated that 

“Variations negatively impact project performance in terms of cost, time delays, poor quality, 

productivity degradation, health and safety issues and professional relations among the parties 

to the contract (Al-Jishi and Al-Marzoug, 2008; Enshassi, Arain and Al-Raee, 2010)”.  

This chapter, therefore, seeks to critically examine the impacts of variation on project success. 

By exploring the impacts of variation, it is argued that implementing variation orders has a 

number of possible consequences, thereby justifying the necessity of this research. The 
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chapter concludes that the main areas that would be affected by variation are the time, cost, 

quality and scope. It proposes the use of a systematic approach to modelling the impacts of 

administering variations on a typical project. This chapter forms a core source of the 

information needed to create primary data collection to validate the research questions.  

 

 Assessing the Effects, Benefits and Remedies for Variation Orders  3.2

If the variations are termed as change-orders, they can be planned; hence, value addition can 

be mapped against each decision. This argument, though, rests on the assumption that the 

decision-maker has been rationale in the way they arrived at the decision such that a similar 

result could obtained by any other decision-maker. Enshassi et al. (2010) opined that when 

work is planned few organisations would embed variations in the plan of works; however, the 

reality is that as work flows variation becomes inevitable. This shows that initially projects 

are perceived to be developed perfectly within the schedule and budget limits; however, when 

variation orders regularly set in, projects experience schedule overruns, budget growths, cost 

overruns, difficulties in the attainment of specified standards of quality and many more 

negative impacts too numerous to itemise (Enshassi et al., 2010). 

Gunathilaka et al. (2013) reviewed the vast project management body of knowledge in order 

to establish the project success factors or project selection criteria which would be critical to 

stakeholders. They argued that there are common factors that need to be assessed by 

individual stakeholders to see how they are affected (ibid).   

One of the crucial determinants of the severity of the impact of variation orders has been the 

location of the project with regard to governmentality or the influence of government policies 

on the construction business (ibid). For example, Enshassi et al. (2010) opined that access to 

materials and equipment for construction can be a national issue if the country is landlocked 

or not; however, other factors such as the procurement method used, the level of engagement 

with professional consultants, market conditions, as well as the susceptibility to international 

financial market are some of the factors that have been crucial to triggering variation orders 

(Enshassi et al., 2010).  

The commencement of variation orders that has been highly contested in construction and 

engineering projects based on the belief that changes in scope might be inevitable due to 

varied site conditions; however, delays, suspensions and acceleration are said to instigate 
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variations in projects (ibid); therefore, the management of such factors is seen as the starting 

point for the classification and modelling of variation orders. This shows that if there is 

deviation, alteration, addition or indeed any omission from that which was agreed from the 

start, it can be classed as a variation (ibid). However, the impact of such an order cannot 

easily be classed as impacting only intended targets such as scope; rather, it can 

spontaneously impact any element of the project (Enshassi et al., 2010). 

Alnuaimi et al. (2010) opined that, generally speaking, variation orders emanate from the 

need to respond to the necessity of changes in scope, alterations in the material quantities, any 

errors appearing in the design or any changes triggered by the unit rates in the cost of 

elements. They argued that it is not good enough for an organisation to accept the inevitability 

associated with variations; rather, it has to ensure it can analyse the scope of the job in order 

to itemise the sources and types of requests, and evaluate if the requests are linked to any 

errors in the design – real or imaginary (Alnuaimi et al. 2010). Detailed analysis of the 

sources of variations can lead to an appreciation of the instruments necessary for the issuance 

of the variation order (ibid). For example, many projects rely heavily on the traditional roles 

of project stakeholders, as assigned by the contract. Therefore, if the circumstances change 

they find it challenging to analyse every contractual clause and assess the optimal strategy to 

issue variation orders (ibid). This means that the overall interpretation of the contractual 

relations between project stakeholders has been seen as a major factor in the management of 

variation orders, not only with regard to who can issue variations or what the consequences 

could be, but also in creating a working environment that can map the causes and the effects 

of the change orders so that confusions can be avoided (ibid). One way of achieving a balance 

between variation orders and change orders has been to allow for a contingency amount in the 

contract – say 5% of the contract sum (plus or minus) to hedge against possible change orders 

(ibid); however, this might not be an ideal strategy because there is a possibility that the 

organisation could fail to map all the possible effects of variation orders. It is difficult to 

pinpoint and predict what the stakeholders’ behaviour would be when the project commences; 

for example, the design could be complete yet the construction planning could be wrong; or 

the financial base to support the procurement of lead items might not be in place because the 

contract may not have been agreed and signed in good time; this makes it difficult to 

speculate as to the causes and impacts of variation orders. 
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3.2.1 Some of the Effects of Variation Orders  

According to Arain and Pheng (2005), a list of the effects of variation orders cannot be 

exhaustive; rather, it can be a way of categorising them in such a manner that their 

management can be made possible. Some of the effects that they examined are as follows:  

It is possible that variation orders can be affected without necessarily impacting the overall 

schedule; this effect relies on the use of the float in plans so as to achieve changes that have 

no impact on the overall schedule; 

It is possible to experiences cost escalations due to variations. This could be due to scope 

changes, or costs of changes due to additions and/or alterations; 

If the organisation has to hire other professionals to execute the work the impact on the 

project can be visible – either for good or otherwise – especially if the project is highly 

complex; 

The changes to the project can lead to changes in the overhead expenses due to the paperwork 

changes, claims review and general administration costs required to facilitate the variation 

orders; 

It is imperative that variation orders can result in delays to the processing of payment for 

particular stakeholders. And this could eventually impact progress on the project; 

It is possible to experience quality changes, especially if the work has been changed 

tremendously; in such a case, quality could be compromised; 

With changes productivity is expected to wane; 

Depending on the procurement method used, it is possible that work may not start on any 

procurement of products or services due to the understanding that variations have been 

ordered; 

If the works have started and variations have been ordered, there is a high likelihood that 

reworks and demolitions would inevitably be part of the package that the stakeholders have to 

manage. This could impact other factors such as cost and delivery schedule as well as the 

quality standard. 

Construction as a business relies heavily on logistics and reverse logistics; therefore, variation 

orders have the propensity to impact logistics for materials, equipment and tools (ibid); 
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There is an intangible element of reputational damage to the brand in the event that delays 

have caused other impacts. The major issue with reputational damage is that it can negatively 

affect the competitiveness of the business (ibid); 

The management of safety and welfare for the site can be complex because of the changes 

brought about by variation orders, especially as they would have to be resourced (ibid); 

There can be professional acrimony from the stakeholders and blame-game could be 

inevitable because of disputes relating to the manner in which variation orders have been 

triggered and or managed; 

There is a potential for disputes related to the need for additional payment to the contractor 

because of the effect of variation orders (ibid). Handling the need for additional payment can 

be a source of conflict to parties to the contract because some parties could be seen to favour 

variation orders for as long as they benefit from such orders. 

Delays in the overall schedule can be an issue in many projects because all the above-stated 

factors would eventually lead to a delay in the delivery of the project. 

Even though the list of effects from variation orders cannot be exhaustive, Ibbs et al. (2007) 

were of the view that they need to be quantified to see if they can be managed. They opined 

that quantification of the impacts of changes to projects can offer a basis upon which the 

management of changes can be anchored. The quantification process for variation orders 

could lead to a clear establishment of the causal linkages between factors so that any losses in 

productivity or that establishment of responsibilities can be minimised (Ibbs et al., 2007). 

Once the factors have been accrued cumulatively it may be possible to assess their ranking 

and identify how critical some factors are to the project, hence creating an overall impact 

assessment of variation orders on the project’s key performance indicators. The suggestion to 

quantify variation orders and assess the causal linkages was not considered as a finite process; 

rather, Ibbs et al. (2007) recognised constraints associated with uncertainties, risks, 

professional judgement and general inefficiencies caused by the structure of the industry as 

well as the structures of the organisations involved in the project development process. This 

review has demonstrated the interconnectivity between scope change and variation orders. 

This study will investigate how the causes of variations extracted in this chapter will influence 

or otherwise the scope change of projects in KSA.  
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 Impact of Variation Causes on Time 3.3

Time is the most important factor in construction projects. Yogeswaran et al. (1998) 

investigated the occurrence of excusable time extensions during construction projects in Hong 

Kong. Through analysis of data gathered from 67 construction projects it was found that, out 

of the projects that were completed late (85% of projects surveyed), 76% had excusable 

delays and 20% had non-excusable delays. Wambeke et al. (2011) focused their research on 

the causes of variation in concrete slab production and the subsequent impacts of these 

variations. The study concluded that the identification, study and reduction of variation would 

result in significant increases in productivity. However, while coming to these conclusions the 

study did not propose any strategies to reduce variation based on the data they gathered.  

It could also be argued that, if the management team can identify areas that are of high 

concern to their organisation, or project or business so that they can react to these areas, that 

would bring better results (Oladapo, 2007). For instance, if the size or type of the project has 

no bearing on variations they need not be assessed in detail, as that could be a waste of 

resources on management (ibid). 

According to Oladapo (2007, p.35), the main issues behind variations tend to be the “nature of 

the business of construction”; factors such as the complexity of a project, uncertainty within 

the industry, the process of delivering the buildings or the infrastructure, and the 

fragmentation of the business entities assigned to the delivery of the construction project are 

but some of the pertinent attributes that compound variations (ibid). For the Kingdom of 

Saudi Arabia, there could be other attributes for the industry. For instance, the government 

had been pushing to modernise urban centres while the main source of national revenue – oil 

and gas – has had market difficulties due to the global economic factors (Saudi Gazette, 

2016).  

The implications are that weaker oil prices present fiscal challenges for the government of the 

Kingdom of Saudi Arabia (ibid); however, some projects have been allowed to continue 

despite the fiscal challenges (Al-Ghamdi, 2016). For example, Figure 3-1 shows that the 

works for the Riyadh metro have been set to continue despite the fiscal pressure faced by the 

government. In such a case, variation to any attribute of the project has the potential to 

compound other factors, and this would lead to the increase in constraints that management 

have to deal with at any point in time.  
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Therefore, it can be argued that cost and schedule should be used as the main causality of 

variation. Thus, modelling the impact of variations on project outcomes will allow decision-

makers to assess the consequences and develop mitigating strategies. This study will 

investigate how the causes of variation influence project timings. 

 

 

Figure 3-1: Picture showing the continued work on the Riyadh metro with project 

manager Waleed Al-Akrash (Source: Al-Ghamdi, 2016) 

 

 Impact of Variation Causes on Cost 3.4

It has long been established that variations bring indirect costs to a project (Bower, 2000). 

However, the issue has been to establish a way in which factors causing variations could be 

modelled and linked to indirect costs. Bower (2000) argued that many organisations are able 

to model the direct impacts of variations to scope; however, the indirect impacts are the most 

difficult to isolate and model because variations do not only cause stoppages and restarts, they 

lead to loss of productivity, constraints in reprogramming, loss of any rhythm in the work 

process, unbalance the work teams, and lead to a cascade of changes in the way reports are 

done or the documentation is prepared for reporting purposes. In other words, there are factors 

that are overly sensitive to variations; however, the significance of the variations varies from 

project to project and factor to factor. The only uniformity in the impact has been its 

unpredictability and the assessment of its severity (Bower, 2000). For example, when there 

are time-related factors with variations these can be related to the affected tasks; however, 

issues such as recalculation of the network schedule for construction, overheads costs and 
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time-related charges such as the liquidated and ascertained damages would have to be dealt 

with too (Bower 2000). This also implies that reworks, standing time for subcontractors, 

changes in cash flow as well as the possibility of costs related to loss of earnings would 

equally be triggered indirectly (Bower, 2000). The other key dimension could be the way 

human resources are allocated at head office, the management of time, as the site as well as 

the head office would be negatively impacted (Bower, 2000). 

Arain et al. (2005) sought to provide information for a detailed exploration of the potential 

effects of variation in building projects. It was found that the most common impact of 

variation was an increase in the total project cost, followed by an increase in contractor 

revenue. The study proposed the following measures to combat unwanted variations: 

involving professionals in the design process, effective and constant communication, and 

thorough briefing for the contractor. 

Amoatey et al. (2015) investigated the reasons for delays in Ghanaian state housing 

construction projects and their impacts. The authors concluded that the major impact of 

construction delays is directly on both cost and time of the project, hence affecting the quality 

as a whole. In a similar investigation, Ibbs et al. (1997) studied the quantitative influence of 

project change in terms of size issues. The authors concluded that the greater the changes in a 

project, either at the design stage or construction, or even between them, the more the costs 

are degraded. Therefore, the fewer the changes in a project, the smaller the cost overruns. The 

research assumes that the causes of variations will have a major impact on the cost overruns 

of projects in KSA. Accordingly, the research aims to model the interconnectivity between 

causes of variation and their consequences on project cost overruns.  

 

 Impact of Variation Causes on Quality 3.5

According to Burati Jr. et al. (1992), when a variation to quality materialises in a project with 

a highly ranked level of “quality”, it can have severe implications for other attributes. 

Variation orders can downgrade the quality of a project (Oladapo, 2007). Holding other 

attributes constant, variances in quality have the potential to trigger spontaneous reactionary 

trends in other project attributes. For example, if there is a redesigned or reworked element of 

the project, it could have been triggered by repair work or replacement as a result of failure to 

comply with or conform to the baseline quality in the first place (ibid). Therefore, variation 

orders related to quality come in the form of failure to conform to or comply with contracted 
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specifications for the product under review, even if the product or part thereof has not failed 

per se (Burati Jr. et al., 1992). For example, if the grade of concrete is tested and does not 

meet the specified standard, the project will have to be delayed so that the structure can be 

broken and the concrete removed before the correct grade can be poured with the drive to 

achieve or exceed the required standard. Burati Jr. et al.’s (1992) view on variation orders 

related to quality conveys the argument that one should not wait for failure to be the key 

indicator of the variation order; rather, one has to be proactive in planning the work in order 

to set up measures that can be used as indicators of the performance with regard to the 

specified quality. At the moment variations are identified, it can be difficult to model the 

potential impact on the project; therefore, factors such as delays to the project, cost of repair 

works or replacement as well as penalties for non-compliance are but some of the 

consequences that variation orders have for quality, as argued by Burati Jr. et al. (1992). 

According to Akinsola et al. (1994, p.270), variations do not happen accidentally; rather, 

decisions from the project team could be responsible for triggering them. They argued that for 

many construction projects the “architect” was the main source of variation orders (ibid); 

however, their research focused mainly on building projects in Australia in the early 1990s; 

therefore, it cannot easily be generalised to any other industry in the 21st century when one 

argues that the “architect” or any professional was responsible for triggering variation orders. 

The sources of variation orders could be any project stakeholder for as long as they have the 

capacity to impact the project. For instance, while Akinsola et al. (1994) felt that designers, 

contractors and engineers have influenced the decisions that led to variation orders, there are 

situations when other stakeholders such as the government would work hard to prevent 

variation orders in order to ensure that the project is successful, as was argued by Al-Ghamdi 

(2016) in relation to the Riyadh tram line project. This shows that project stakeholders can 

trigger variations, especially those linked to quality. The resulting influence could be filtered 

to other attributes of the project such as contractual duration, cost, health and safety, or the 

profitability of the work, to mention but a few. 

Burati et al. (1992) presented an excellent review by describing the impacts of variations in 

orders or deviations on project quality. The project quality showed a direct relation to the 

costs incurred. In particular, design deviations averaged 78% of the total amount of variation 

in a project, which influences the quality of work in addition to costs. 

Ismail et al. (2012) studied the factors relating to variation orders and their impact on the 

quality of construction projects. The authors concluded that a variation in plans or project 
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scope by the employer, design discrepancies, construction site conditions and problems in 

project finances caused by a contractor’s financial difficulties would lead to overall high costs 

which would certainly have an effect on the delivery of the desired quality. Al-Abdulrazzak et 

al. (1993) emphasised that adoption of quality management practices at the design stage – for 

instance, quality drawing checks and the understanding and provision of clear, precise and 

uniform plans – could have a tremendous impact on project performance. In a similar study, 

Bubshait et al. (1999) emphasised the need for a strong working relationship between the two 

parties and mentioned that there is a dire need to develop a clear understanding of design 

errors in terms of exercising a robust institutional professionalism. Thus, this study will 

investigate the association between project success in terms of quality and the causes of 

variation. The study assumes that the more causes of variation, the most likely the project 

success in terms of quality will be undermined.  

 

 Impact of Variation Causes on Scope  3.6

According to Siegel (2016), businesses strive to create mechanisms that could be used to 

gather data so that there can be an eventual analysis of such data so that the performance of 

the ventures in which a business is involved can be determined. For example, when a business 

sets up a level of quality to be achievable on the production line, it needs to establish the 

scope for which the quality could be examined and reported on (ibid). For companies that use 

projects as a means to deliver change, project scope forms a critical technical means with 

which to measure the performance of the change (IPMA, 2006). In addition, project 

environments are expected to establish, control and manage the scope of the project for them 

to have a measure of success (Kerzner, 2013). Chritamara et al. (2001) argued that, from the 

onset, a project needs to set up parameters for which the scope could be clearly marked. This 

could be a form of specifications on the size, strength, quality and delivery times as well as an 

approved expectation of performance (ibid). Scope, therefore, tends to be prescribed and 

delivered through traditional tender documents (bid). As the project team prepares the scope 

of the works, they have to engage all stakeholders in order to enhance the identification and 

definition of the scope (Fageha and Aibinu, 2016). For example, it was found by Fageha and 

Aibinu (2016) that a public building project in the Kingdom of Saudi Arabia had 42 “scope 

factors”; hence, it was vital that all stakeholders were engaged in the process of defining the 

scope. This implies that there is no means of predicting the number of factors that could be 
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used to define the scope of a project. However, Oyewobi et al. (2016) opined that the type of 

project as well as the sector of the project have an impact on the scope. They argued that, over 

the years, project specialists would gather historical information on scope factors for 

particular projects and that, as and when there are variation orders, it would be possible to 

assess the impact of such orders on scope factors (ibid). Mirza et al. (2013) believe that poor 

definition of project and product scope has been the greatest contributory factor to the 

unsuccessful delivery of projects. 

Having established the importance of project scope herein (Siegel, 2016; Kerzner, 2013; 

Oyewobi et al., 2016; Mirza et al., 2013), it can be argued that, when a project has clear and 

measurable scope factors, it could be possible to model the impact of variation orders on the 

said scope. The source of the variation could come from either external or internal customers 

of the project (Hobbs and Besner, 2016); but, if the stakeholders of the project had established 

the scope factors prior to the commencement of the project (Fageha and Aibinu, 2016), there 

is a high likelihood that the impact of variation orders on the scope could be modelled and 

assessed. The impact of variation causes on scope, therefore, might not be limited to cost, 

schedule, quality and performance (Kerzner, 2013) but could also include the possibility of 

affecting contractual relations, stakeholder relations and the overall poor delivery of the 

project (Mirza et al., 2013). Therefore, this study will investigate the association between 

project success in terms of scope and the causes of variation. The study assumes that the more 

causes of variation, the more likely the project success in terms of scope will be undermined. 

 

 Impact of Variation Causes on Productivity 3.7

Not all projects are designed to use mechanised tools and equipment; but all projects require 

the use of operatives. According to Hanna and Gunduz (2004), projects that rely heavily on 

operatives tend to be more negatively impacted by variation orders than those that rely on 

mechanised means of production. The main reason cited by Hanna and Gunduz (2004) is the 

integration of various sections of the project life cycle as operatives execute their work. For 

instance, the design and construction could overlap or the work could be fast-tracked; hence, 

any variation orders can impact the changes to be made to an executed section of the work, 

resulting in massive losses and delays in the delivery schedules (Hanna and Gunduz, 2004). 

The other notable issue reported by Hanna and Gunduz (2004) is the multiplicity of the 

sources of variation orders in a project environment with a heavy reliance on manual labour – 
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or one that is generally labour intensive even if some small tools could be used by the 

workers. They argued that sources for variation orders in such an environment can be 

triggered by design changes, owner-initiated changes, weak performance ratio between 

planned labour output and actual labour output, weak ratio between planned delivery duration 

and the actual delivery schedule, and the time that managers spend supervising and or 

monitoring the performance of the project indicators (Hanna and Gunduz, 2004). Therefore, 

variation changes impact labour productivity negatively (Thomas and Napolitan, 1995; Hanna 

et al., 1999, 2002a). 

Radosavljević and Horner (2002) opined that, even though a project can be simple, the level 

of variability and complexity with regard to productivity could be massive. In cases where the 

project is labour intensive, the variability increases and the productivity can also vary. In such 

situations, variation orders bring massive human resource problems to projects because the 

workers need to be kept on even though progress is at a standstill (ibid). If, however, the 

project is mechanised, productivity is also affected because the operators of the mechanical 

equipment are not working; as a result, the variability in the level of productivity will be high.  

This study hypothesises that the influence of causes of variation on productivity will manifest 

itself in cost and time consequences. That is to say, if the productivity is influenced by the 

causes of variation, that will result in delays and cost overruns. Thus, the study assumes the 

impact of productivity is hidden within the cost and time. Therefore, the association between 

productivity and causes of variation is modelled through the proxy of time, cost and quality 

consequences.  

 

 Modelling of Variations 3.8

According to Arain and Pheng (2007), the management of variations in building projects 

largely depends on how organised the management team has been with regard to capturing 

and using key information. They argued that, because building projects have complex sets of 

variables, an organisation could use a theoretical model as a method of categorising variation 

orders (Arain and Pheng, 2007). Their argument has been based on the premise that, for ease 

of management of variations, they need to be modelled, meaning that the manager would need 

to find a way of modelling the attributes of the variations starting with causes and linkages as 

well as the possible impacts on the project. The rationale for taking such a stance was that 

effective management of variation orders relies heavily on developing a systematic approach; 
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otherwise, the variation order data could overwhelm managers, who are likely to over 

simplify the response to variation orders (ibid). Despite the complexity associated with 

variation orders, Arain and Pheng (2007) were of the view that they could model them using 

three main steps – firstly, by undertaking detailed screening thereof; secondly, by assessing 

the likely alternatives so that variation orders cannot be issued; and, thirdly, by reviewing 

areas that are dominant in a project. They further opined that deploying a systematic model 

for managing variations can turn the perceived negative impacts of variations into a positive 

force that takes advantage of the opportunities of variation orders while minimising their 

negative impacts (Arain and Pheng, 2007). In other words, they opined that efficiencies in the 

management of variation orders are realisable if there is a systematic method of screening and 

identifying them with a view to understanding their attributes (ibid). The only downside to the 

proposed model is that it was based on a theoretical framework – one that is centred on non-

quantitative variables in developing the model. This meant that, even if the model was clear, it 

was not possible to maintain consistency in the way that data related to variation orders could 

be modelled. This weakness could be improved if there was a way of creating consistency – 

hence the need to introduce numerical scoring mechanisms.  

 

3.8.1 Quantitative Modelling Approaches  

Hsieh et al. (2004) opined that, even though variation orders are inevitable in a fragmented 

design and construction processes, it is possible to use quantitative approaches to model 

causes for change orders. Modelling that is based on quantitative data has the potential to 

allow for further statistical analysis or to generate patterns of correlation (or lack of) between 

sets of data obtained from the variation orders under review (ibid). When one compares the 

approach using qualitative data for modelling variation orders that was proposed by Arain and 

Pheng (2007) with the use of quantitative data, it can be seen that decision-making is possible 

in either strategy; however, if the emphasis is on effective decision-making, the general 

understanding of variation orders cannot be helpful. For example, Arain and Pheng (2007) felt 

that, if the project manager looks at a database of past experiences with variations, their 

understanding of variation orders would have a significantly positive influence on the 

decision-making process. While past experiences form an essential part of communication 

and documentation of decision-making on variation orders (Arain and Pheng, 2007), there 

could be a need to undertake a detailed analysis of the meaning behind the data so that 
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relationships, if any, can be established; hence creating patterns that are necessary to increase 

the potential of making correct decisions (Hsieh et al., 2004).  

In trying to model the sources of variations on a typical project in Taipei, Hsieh et al. (2004) 

searched local databases to categorise sources of variation orders. They generally found the 

following: (i) that planning and design were highly rated because they caused inconsistencies 

in information such as site conditions and insufficient specifications. These factors impacted 

decision-making; (ii) that ground conditions were also highly rated because most projects 

contained insufficient data about the ground conditions, meaning that changes had to be 

ordered at the time of construction; (iii) insufficient safety preparations mainly because the 

conditions had changed, hence the safety provisions became insufficient – forcing changes in 

the construction approach; (iv) they also found that natural incidents such as floods or 

typhoons were actively creating variation orders for projects because they triggered the need 

for temporary works; (v) the legal framework for making and implementing change orders 

was high rated as a source; (vi) management hierarchy in any project that acted as an 

authority to issue change orders was a highly rated factor; (vii) when there is pressure to 

commission a project and be able to transfer it to the owner, there are sources of variations; 

(viii) when there are stakeholders lobbying about the need for changes so that the 

neighbourhood could be protected. This tended to cause changes in the design and planning 

process, especially if there was poor stakeholder engagement. (ix) The authors opined that 

there was a category that can be classed as “miscellaneous” because the factors in it can be 

grouped in one group.  

While the classification of factors triggering variation orders could help in the decision-

making process, the most important issue is how to rate the causes in terms of the patterns 

based on the likelihood that one of these factors could materialise in a particular project. This 

way, decision-makers could use the statistical model in determining how best to stem the 

negative impact of possible variation orders and be able to maximise the opportunities.  

 

 Summary  3.9

This chapter has articulated how causes of variation can lead to consequences for project 

success in terms of time, cost, quality and scope. It was found that variation orders issued by 

the owner of the project rank highly in terms of the impact on project success. The review 

also found that, at the institutional level, the most-cited effects for variation orders included 
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changes in project costs, progress schedules that were changed due to delays, increase in 

overhead costs, and poor quality and scope that resulted in reworks and demolitions. 

Therefore, the significance of the variation orders is tested at the “impact” phase to see how 

they affect the smooth operations of the project, the institution or the business at large. Since 

most, if not all, projects in KSA are procured by the public sector, this research is of vital 

importance to identify the association between causes of variation and project success criteria.  
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4. CHAPTER FOUR: REGRESSION ANALYSIS OVERVIEW 

 Background 4.1

This chapter presents an overview of the regression analysis applied in the present study in 

order to numerically assess the influence of variation orders on the time, cost, quality and 

scope of construction projects in KSA.   

It is recognised that there is an inability to create consistent estimates of the outcomes of 

future events because of the poor understanding of causal relationships within the sub-systems 

of productive enterprises and, in addition, most prominently between the enterprises and their 

working environment. Mueller et al. (1997, 1986) demonstrated that predictions of project 

cost, delivery time and quantities may be achieved using various performance ratios; 

however, the explanation was rather too simplistic to be of real value. It does not, for 

example, recognise and take into consideration the ground realities at a project site and the 

complex, and usually dynamic, interconnectivities between a wide variety of construction 

resources during the execution of site operations. 

This highlights a consistent need to be able to predict the desired results for future events 

whilst considering the interconnectivity between the factors within a dynamic enterprise. This 

would then connect to the decisions to be made that can affect the future events and the 

achievement of these desired goals. Several authors have suggested that regression analysis 

(RA) can be used in this process. For example, in the view of Madsen et al. (2006), RA 

involves the use of information related to one or more variables to work out the predictions 

about another one; thus, this makes regression analysis a most powerful tool to be used in 

projecting and predicting future values of desired variable quantities. Moreover, it has been 

further suggested that projecting accuracy may be significantly improved by using stochastic 

time series models and regression methods, because such models permits accurate estimation 

for longer forecasting periods (Fellows and Langston, 1987). Consequently, efficient cost 

monitoring and control of building construction projects is truly facilitated by the application 

of regression methods. In particular, RA is an appropriate tool for developing practical and 

user-friendly models; therefore, the application of RA techniques was adopted for this present 

research. 

Therefore, in this chapter a theoretical overview of RA based on open literature is presented. 

This includes the basic assumptions of regression and the theoretical limitations of the 
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analysis, estimating the quality of RA, and its merits and demerits. In particular, the influence 

of factors (variation orders by a wide variety of sources) on the project time, cost, quality and 

scope of construction projects is analysed using RA methods.  

 

 Explanation of regression 4.2

Before proceeding to the detailed explanation of regression (RA), it is worth defining it, in 

order to develop a better understanding. Farnum and Stanton (1989) described RA as a 

powerful numerical tool for prediction of the functional interrelations between a dependent 

variable (Y) and one or more independent variables (X1, X2, X3,…….,Xm). This is used to 

find out the best-fit representation for the relationship that is present in the data sample. 

However, the nature of this relationship may take several forms extending from simple to 

multiple regressions and from linear to non-linear relations. 

In a simplified regression model, one independent variable (X) and another dependent 

variable (Y) are used. In contrast, the relationship between one dependent variable (Y) and a 

set of various independent variables (X1, X2, X3,…….,Xm) is dealt with in a multiple 

regression model. The following are the forms of the relationship between the dependent 

variable (Y) and independent variable(s) (X1, X2, X3,…….,Xm) that are divided into linear and 

non-linear. The non linear regression could take different features such as: Polynominal, 

Logarithmic, Exponential and Power (Farnum and Stanton ,1989). 

 

 RA Relationships 4.3

A relationship, or what is commonly called correlation, is defined as the degree of the 

affiliation between two or more variables, and this measure establishes the level to which 

values of the variables show linearity or proportionality to each other. 

In regression analysis, correlation value is known as the correlation coefficient or coefficient 

of determination R, which describes the linear relationship between two variables. The value 

of the R is ±1, while its sign shows the direction of the relationship. The absolute value of the 

R represents the strength of the relationship; thus, the larger the value, the stronger the 

relationships between the related variables in the correlation matrix. In a case when R is 

squared, the resulting value is known as the coefficient of determination, i.e. R
2
. 
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The R
2
 is measured as one criterion which is applied to assess the goodness of fit of a 

regression equation, and it shows the percentage of the variance in the dependent variable 

described by the independent variable(s). 

The following equation is used to compute the value of R
2
: 

𝑅2 = (1 −
𝐸𝑆𝑆

𝑇𝑆𝑆
) =

𝑅𝑆𝑆

𝑇𝑆𝑆
                     (4.6) 

To account for the independent variables (m) in the regression model and the sample size (n), 

an adjusted determination coefficient (Radj) is usually calculated by using the following 

equation: 

𝑅𝑎𝑑𝑗
2 = 1 − {(1 − 𝑅2)

𝑛 − 1

𝑛 − 𝑚 − 1
}          (4.7) 

 

The proportion of the variation is measured from R
2 

in the dependent variable that was 

expressed by variations in the independent variables, whereas 𝑅𝑎𝑑𝑗
2  determines the proportion 

of variance in the dependent variable that was expressed by variations in the independent 

variables (Gupta, 2000).  

The calculated value of the F-statistic is matched up with the proper entry in a table of the F-

statistic values in order to gain confidence-level data. The results of R
2 

and F- statistic are 

shown in chapter 9.  

 

 RA Value/or Quality Evaluation 4.4

The goal of RA is to express the variations in the forecasted dependent variable values by 

working out the best regression coefficient Bi values that can reduce the sum of the squares of 

these deviations. The aim of examining the quality of the regression is to find out how well 

the developed regression equation expresses the relationship between the dependent and 

independent variables. Similarly, the goal of regression in this study is to estimate the 

influence of variation causes on time overrun (see Chapter 9). In order to assess the regression 

quality, the following measures and diagnostic tests are described.  
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4.4.1 Deviations in RA (ANOVA) 

Several researchers have suggested using the model goodness of fit (ANOVA) to make sure 

that the developed model expresses the deviations in the dependent variable (Gupta, 2000). 

The information generated from this test is used to confirm the significance of the generated 

model in estimating the cost of overrun due to causes of variation. In this research, one-way 

ANOVA test was used in order to analyse the statistical differences among the groups’ 

responses. 

 

4.4.2 Fitting Goodness Test (F-test) 

In cases where the regression equation is to be used for multiple regression, then the choice of 

the right one to use can be assessed by means of the F-statistic test, which can be calculated 

by using either of the following equations: 

 

𝐹 =

∑(𝑌𝑖 − �̅�)2

𝑚 − 1
∑(�̂� − 𝑌𝑖)2

𝑛 − 𝑚

                               (4.8) 

 

𝐹 =

𝑅2

𝑚 − 1
(1 − 𝑅)2

𝑛 − 𝑚

                                        (4.9) 

Where ‘m’ is the number of coefficients and ‘R
2’

 is the determination coefficient.  

The significance of the R is obtained using the F-test which is the similar crucial testing as for 

R
2
. Also, it is exactly the same test that was developed for assessment of the regression model 

as a whole. 

Characteristically, if the obtained value of 'significance' is <0.01, then the model is said to 

work or be confident at 99%, and likewise, if the 'significance' value drops, i.e. <0.05, then 

the model is said to be significant at 95% (Gupta, 2000). 

The fundamental principle is that the lower the obtained 'significance' value, the better the 

fitting goodness of the model and consequently the more able the model is to express the 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

50 

relationship between the dependent and independent variables. The hypotheses test included 

computations using alpha=0.05, observing the F-statistic and the p-value, where each 

hypothesis was tested based on the research questions as shown in chapter 8.  

 

4.4.3 Importance of Variable Relationships  

The null and alternative hypothesis tests are used to assess the significance of the relationship 

between the dependent and independent variables as expressed by the following equations:  

 

𝐻0 ∶ = 𝐵1 = 𝐵2 … … … … … … = 𝐵𝑚 = 0    (4.10) 

 

𝐻1 ∶  At least one 𝐵𝑖  ≠ 0                                (4.11) 

The null hypothesis (H0) indicates that there is no linear relationship between the dependent 

variable and the complete set of independent variables. In contrast, the alternative hypothesis 

(H1) confirms that at least one coefficient of regression is not equal to zero. 

In general, these hypotheses can be verified by utilising the F-test. Therefore, if the 

'significance' is <0.05, then the model is counted as being considerably better than would be 

expected by chance and thus the null hypothesis, which exhibits a non-linear relationship of 

the Y to the independent variables, is abandoned. Thus, this test is used in this study to 

determine the level of contribution that each cause of variation makes to the cost overrun.  

 

 RA Methods 4.5

In any RA, the initiation point is the assumption that a basic relationship is present between a 

predictor or independent variable(s) and a response or dependent variable (s). This 

relationship can be described in some functional ways. Therefore, with regard to this present 

study, the variation percentage of time, cost, quality and scope of the project can be assessed 

and modelled by a general input/output relation in the following form: 

𝑌 = 𝑓(𝑋1,  𝑋2, 𝑋3, … , 𝑋𝑚)                                            (4.12) 

Where:  
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X is the foreseeable input characterised by the factor that influences the parameters (time, 

cost, quality and scope) affecting the project due to variation orders of construction projects, 

Y is the response input characterised by the percentage of project-influencing 

parameters/questionnaire (time, cost, quality and scope) because of a particular factor, X, or 

several factors, X to Xm, and m is a number factor of ‘X’ that affects the ‘Y’ factors. 

However, the nature of the numerical relationship between the independent and dependent 

variables can take either of the following two types: 

 

4.5.1 Simplistic Form of RA 

The interpretation of the simple regression becomes easy when the supposed functional 

relationship takes into account one projected dependent variable and one independent 

variable, X. Thus, the simple regression formula takes the following form, as presented in 

4.13:  

𝑌 = 𝐵𝑋 + 𝐶                                                                (4.13) 

Where B is the value of the regression coefficient which represents the amount the projected 

dependent variable Y changes (or variations) when the independent variable X changes by 

one degree or unit.  

Once the values of (B) and (C) are obtained from a sample data of relevant values of X and Y, 

the factors can be utilised in equation 4.26 to calculate the Y values for any given values of 

the X. 

4.5.2 Multiple Form of RA 

The multiple regression is similar to simple RA in principle; however, the methods of 

interpretation are different when the assumed functional relationship involves the relationship 

between one predicted dependent variable, Y, and a number of independent variables (X1, X2, 

X3,…….,Xm) that are influencing the Y outcome. 

Moreover, the principles of simple regression are employed in multiple regressions to predict 

the Y values for various sets of the X values by the following equation, 4.14: 

Y = B1X1 + B2X2 + ⋯ + Xm + C                              (4.14) 
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Where Y is the forecasted dependent variable, the Bs are the corresponding coefficients of 

regression for the corresponding X variables (independent), and C is the regression intercept 

constant with the y-axis. 

 

 RA Inadequacy and Restriction  4.6

A best-fit regression line and equation can be used and calculated for any bivariate set of 

points, but, if the slope of the regression line needs to be verified if positive or if it needs to be 

applied to forecast an outcome, some crucial key assumptions or conditions must exist. 

For the development of the multiple linear regression models, there are four basic regression 

assumptions were taken into consideration. These constraints are Normality, 

Homoscedasticity, Independence and Linearity. The constraints can be verified by observing 

the residuals. It should be noted that the residual is the difference between an actual �̂�𝑖 and a 

predicted value 𝑌𝑖 of an available dependent variable (Berry, 1993). 

 

 Evaluation of RA Expressions 4.7

The regression assessment/estimation could be made by the regression equation presented in 

4.8 in order to examine the values of regression coefficient B in addition to the regression 

constant C, as described in the subsequent section. 

 

4.7.1 Regression Coefficient Calculation 

An easy way of finding out the values for regression coefficients B and C is to draw the 

sample data and read off the values from the plot. By doing so, the values of the dependent 

variables are plotted graphically along the y-axis and similarly the values of the independent 

variable are plotted along the x-axis; thus, several straight lines could emerge to fit well the 

relationship between the dependent and independent variables. 

The confidence level of the regression equation depends on how compact the scatter diagram 

is and how closely it resembles a linear relation (Madsen et al., 2006). 
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The simplest, most precise and accurate method widely adopted in order to work out the best-

fitting line values and its corresponding equation is commonly known as the least square 

method (Jain and Sigman, 1996).  

 

 The Use of RA 4.8

The following points summarise the practical use of RA (Wheelwright, 1984).  

 Difficulties in Design 

 Economic Choices and Related Indicators 

 Initial Testing of Multiple Regression 

 Studying the Matrix of Correlations 

 Decision Making among Individual Regressions 

 RA Assumption Validity Checks 

 Forecast Preparations 

 Enhancing Understanding by RA 

 

 Application of RA in the Construction Industry 4.9

RA is extensively applied as a marketing research tool (Jain and Sigman, 1996) and has been 

demonstrated to be valuable in many areas of construction management, for instance, the 

prediction of the duration of a construction project (Chan and Kumaraswamy, 1999). 

In particular, the application of RA to construction projects is investigated in this study; the 

following practical sequence steps were adopted: 

 First, examining the project objectives: this includes budgeting, durations, etc., and 

performance models were used to examine the various sets of response and predictor 

variables related to each of the intended objectives. 

 Clearly defining the relationships that exist between different variables and identifying 

those that needed to be either predicted or described. 

 Taking decisions on the regression models to adopt from theoretical knowledge or via 

an initial graph or plot of relevant data from both past and present operations. 
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 Applying the approved tests to validate the chosen model. 

 Applying the validated models to determine the necessary forecasts. 

Furthermore, the fundamental concepts of RA presented in this section were used on the 

acquired construction projects’ data to exhibit the quantitative trends and relationships 

between utilisation levels of the recognised independent factors and construction time, cost, 

quality and scope outputs. 

In particular, the RA is an important when it is to be used on data from construction projects 

whose system processes, unlike manufacturing operations, have neither a uniform state nor 

repetitive cycles. However, this present research, which focuses more on the construction 

stage of projects, the cross-sectional trends of the data at different stages of a construction 

operation or project may differ, which is a parameter that needs to be taken into consideration 

when using RA in construction projects. 

 

 Merits of RA 4.10

It has been demonstrated in the above sections that RA is a useful tool; in summary, the 

following are its merits or advantages:   

i. RA can be utilised with descriptive or underlying predictors as well as with time 

variables, thus facilitating predictions of the dependent variable to be made in a 

wider range of circumstances. 

ii. RA applies quite straightforward and fairly simple statistical models to determine 

and measure relationships, and thus requires little knowledge of statistics. 

iii. In RA, the volume of data and amount of calculation needed is moderate in 

comparison to that needed by other statistical models.  

iv. Multiple RA enables a number of different relationships to be hypothesised and 

verified easily with the assistance of statistical computer software, for example, 

SPSS. 
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 Summary 4.11

RA is an explanatory tool that can be applied to recognise the system trends and relationships 

between a wide variety of components in a system so that the future behaviour of the system 

can be forecasted. 

Adoption of the characteristic regression framework allows the problems of cost and duration 

progress in construction projects to be monitored, in order to exhibit quantitatively the trends 

and relationships between utilisation levels of construction cost, time, quality and scope 

outputs. This shows that RA can be adopted in the construction industry to facilitate efforts in 

monitoring the variation orders and, in particular, control of construction projects during 

construction. This can be achieved by administering the overall programme and budget, and 

pre-determining the future course of their progress by estimating the manner in which they 

would be influenced by the recognised affecting factors. 

Approaches to formulating and answering the problems using regression models have been 

outlined along with essential regression assumptions, thoughts, and limitations to the RA 

applications, derivations of the least squares equations, determining variations in RA, 

evaluating the suitability of the fitted model, determining autocorrelation and working out 

multicollinearity. 

However, it has been demonstrated that the main disadvantage of the linear regression 

technique is its inability to account for the nonlinearity that might be present in the relations 

between the dependent variable and the independent variable(s).  

Non-linear regression tries to model such relationships; however, the analysis requires 

involvement from the user by inputting the equations manually, which means that the analysis 

is liable to be influenced by user bias. 

Moreover, the RA methods apply mathematical models that use sample data from given 

circumstances to calculate an estimate of the supposed relationships, and then determine the 

fitness of the approximations by applying statistics such as F-statistic (F), Student t-

distribution (t) and Coefficient of Determination (R
2
); thus, such forecasts are utilised to 

determine future outcomes. 

The RA method is applied in this study to develop regression models to forecast the influence 

of the variation causes on the outcomes of the construction projects.  
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5. CHAPTER FIVE: AN OVERVIEW OF MONTE CARLO SIMULATION 

AND SENSITIVITY ANALYSIS 

 

 Introduction 5.1

In particular, this chapter focuses on and illustrates the conceptual background of the Monte 

Carlo Simulation (MCS) and sensitivity analysis which were used to process the information 

or data collected in this research. Monte Carlo simulation was used in the current research to 

analyse the variation in the dependent variable based on the developed regression model for 

the best-fitted probability distributions for all possible output results from the simulation 

process. 

In conventional Excel format, model evaluations associate single 'point' forecasts for the 

participating independent variables in a model to forecast a single output recognised in a 

spreadsheet as the dependent variable. For instance, in RA, the best-fit statistical relationship 

between the independent and dependent variables is used to acquire a prediction of the 

dependent variable based on a single value input for each independent variable included in the 

regression model. 

Nevertheless, when applying stochastic simulation methods, information about a model's 

variable can no longer be forced to decrease to a single number. As an alternative, all known 

information about a model's variable can be incorporated in a spreadsheet and characterised 

by a full range of possible values associated with a measure of the likelihood of occurrence 

for each conceivable value. Risk analysis computer software can then be applied to all the 

involved data in addition to a model developed for a specific situation to examine every 

possible result, similar to running thousands of 'what-if' situations simultaneously, thus 

investigating the whole range of what could likely happen in the model's situation and live 

through the possible circumstances over and over again, each time with a different set of 

outcomes. 

Simulation has been an essential tool and remains instrumental in management science. 

Several simulation applications have orbited around dynamic systems, such as project 

planning, inventory control, material handling and logistics, service production, 

communication systems, and scheduling (Pritsker et al., 1994).  
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In particular, this chapter presents the restrictions or limitations with the use of Excel 

spreadsheet-type modelling and elucidates the prerequisites for simulation techniques to be 

adopted. A brief review of stochastic modelling using MCS, the MCS operational 

methodology, and the whole simulation process are presented. In addition, some crucial 

distribution functions and goodness-of-fit tests are also highlighted.  

 Monte Carlo Simulation Terminology 5.2

In this section, it is imperative to understand the fundamental terminology or definition of 

MCS; although it has been in existence for several decades, it is only currently that a wide 

variety of practitioners have shown a renewed interest in the subject, in particular for risk 

analyses applications (Nichols, 1994, Whitford, 1997).  

At first, the term ‘Monte Carlo’ was taken from the city name of Monaco which is renowned 

for its casinos, which are its main attractions; these casinos run 'probability-based' games, e.g. 

roulette wheels, slot machines and dice.  

Likewise, MCS techniques randomly choose values to generate situations of a modelled 

problem. The computer software collects these values from within a fixed range of numbers 

which are chosen to fit a probability distribution such as the very well-recognised 'bell curve' 

or a linear distribution, for instance, or other type of probability distribution. A random value 

is selected each time by the computer software during the simulation process, a new situation 

is developed and an answer or explanation to the modelled problem is generated. 

Moreover, MCS is a sort of spreadsheet simulation that adopts a stochastic method to answer 

mathematical problems. The word 'stochastic' means that it uses random values or numbers 

and probability statistics to acquire forecasts, or, as is illustrated in some research works, 

stochastic processes are the methods that run over a time in a probabilistic means (Abraham 

and Wirahadikusumah, 1999). 

It has been pointed out that simulation models are logical explanations of the 

interrelationships among the components of a decision problem (Evans, 2000). It should be 

noted that the word ‘simulation’ is applied to any analytical method meant to imitate a real-

life situation; thereafter, it facilitates a better understanding of the outcome or product, etc., to 

be designed.  
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Moreover, it has been further demonstrated that simulation methods are applied especially in 

situations when other analyses are mathematically complex or too difficult to execute (Evans, 

J., 2000). 

 

 Description of MCS Operation 5.3

The MSC technique is known to be a computer-operated intensive technique that permits the 

examination of systems which can be sampled in a wide variety of random arrangements. 

According to some of the previous works, it was demonstrated that developing a Monte Carlo 

spreadsheet simulation model includes several steps; Evans (2000) described the important 

ones and they were summerised as follow:  

 Formulating the Problem 

 Developing a Logical Model 

 Specifying Probabilistic Assumptions 

 Implementing the Model 

Moreover, any single uncertain variable in the spreadsheet model has a broad range of 

possible values that can be described by using a probability distribution function. Thus, the 

chosen probability distribution is dependent on the conditions of the involved variables; these 

distribution types are Narmal, Trangular, Uniform and Logormal (Evans, 2000). 

 

 Sampling Techniques 5.4

Sampling is an important process which permits the attainment of the desired results. A 

sampling technique is a repetitive process by which numbers are randomly drawn from input 

probability distributions denoted by probability distribution functions. Field practitioners and 

statisticians have established a broad range of techniques and types in order to select the 

random samples from across the range of distributions. 

Two types of sampling problems have been addressed in academic and technical literature; 

they are the Monte Carlo and Latin Hypercube sampling techniques. In particular, an essential 

parameter to evaluate when examining sampling techniques is the number of iterations needed 
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to precisely regenerate an input distribution by sampling. The precise data for output 

distributions rely on whole sampling of input distributions; a more effective sampling method 

needs fewer iterations and shorter simulation runtimes. Several studies had described the 

sampling thchniques in details such as: Convergance Concept, MCS Sampling Technique, 

Latin Hypercube Technique (Janssen, 2013; Cochran, 2007; Dupree, 2002; Helton, 2003; 

Girard-Buttoz, 2014; Vose, 2008). 

 

 Main Components of the MCS Process  5.5

In this section, the main elements or components of MCS techniques are highlighted, which 

consists of the major basis for most Monte Carlo applications, as described in the following 

points (Ljungberg et. al, 2012):  

 Probability Distribution Functions: Probability distributions are used to express the 

uncertainties in the variables involved in the spreadsheet model. 

 Random Number Generator: This deals with the accessibility of a source for 

generating samples of random values for the uncertain variables involved in the 

spreadsheet model in order to predict the result. 

 Sampling Rule: This deals with a prescription of sampling random values from the 

particular probability distributions for each uncertain variable involved in the 

spreadsheet form. 

 Scoring/or Tallying: The results of the random trials or samplings are gathered into 

overall tallies in a suitable manner to create the intended desired results. 

 Error Estimation: The error estimation is applied to obtain a forecast of the statistical 

error (variance) as a function of the number of tests to facilitate the decisions on the 

desired best-fitted distribution to the actual forecasted data or results. 

Moreover, a better understanding of these aforementioned main components of MCS 

techniques and their correct application enables a good basis to be made in order to construct 

a range of Monte Carlo techniques. 
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 Problems with MS Excel Modelling 5.6

Some researchers have investigated the issues and limitations involved with Excel spreadsheet 

modelling and have demonstrated that there are several limitations to Excel’s potential as a 

model development tool; these limitations are highlighted in sub-sections (Panko, 2008; Ang, 

2010; Nixon & O'Hara, 2001). 

 Limitations of MCS 5.7

MCS is a probabilistic technique that is a widely accepted tool by building construction 

professionals owing to its simplicity or its straightforward means of probabilistic cost 

forecasting and risk analysis. Nonetheless, it has been observed that all simulation techniques 

in general and MCS in particular have not been extensively applied in the construction 

business for construction risk management (Akintoye et al., 1998; Akintoye and MacLeod, 

1997). The authors described various reasons for the limited application of the MCS by 

construction professionals. 

 

 Probability Distribution Functions 5.8

The proper statistical name for a frequency distribution created from a set of values is a 

probability distribution. In each distribution function, a different type of probability 

distribution is illustrated, whilst the easiest functions are those that take opinions stipulating 

the minimum, most likely or maximum possible value for the ambiguous input variables, such 

as the ‘UNIFORM’ or the ‘TRIANGULAR’ distribution functions. Reasonably complex 

distribution functions incorporate arguments relevant to the distribution, for example, the 

‘BETA’ distribution function. 

It should be remembered that the process of choosing a probability distribution can 

occasionally present difficulties to the modelling professional. This is because there is no 

definite procedure in the literature that has been demonstrated to be the precise method for 

conveying the correct distribution to fit data. 

However, it is helpful to know that the software used to perform MCS in this study, @Risk, 

can automatically empower the correct choice of distribution for a set of given data. 

Nevertheless, a labour-intensive methodology of choosing the best-fit distribution for a 

specific data set is suggested by some authors (Flanagan and Norman, 1993). 
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The most common types of probability distribution functions in cost modelling, and 

parameter descriptions about both the required and optional arguments are described for each 

function type in the format used in @Risk and divided into sub-sections (Flanagan and 

Norman, 1993), (Wall, 1997; Mu, Tan and Xu, 2000; Mathworks, 2000; Kannan et al., 1998; 

Creamer, 1998; Kirkham et al., 2002). 

 Goodness-of-fit Checks/Tests 5.9

At this point, which is concerned with verifying the fitting goodness and specific distribution 

to the data set, even though visual examination can disclose which type of distribution is most 

likely to be the best fit to the real data, a statistical test should be conducted to validate the 

option of a selected distribution. 

The goodness-of-fit tests found to be available in previous literature are described in the 

following sub-sections: 

 

5.9.1 Chi-squared Test 

The chi-squared fitting test is a prescribed assessment of the relationship between the 

observed data set and the theoretical fitted distribution. It is extensively applied by researchers 

in the construction sector, incorporated in fitting distributions to data, and can be calculated 

by using the following equation, 5.1. 

 

𝑋2 = ∑
(𝑁𝑖 − 𝐸𝑖)

𝐸𝑖

𝐾

𝑖=1

                                                 (5.1) 

 

Where, K is the number of bins, 

𝑁𝑖 is the number of examined samples in the (𝑖𝑡ℎ) bin, and 

𝐸𝑖  is the projected number of samples in the (𝑖𝑡ℎ) bin 
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The chi-squared fitting test is known to be the best-known goodness-of-fit statistic from the 

@Risk user manual’s point of view. Further description about Chi square test could be found 

in different articles such as Test (2009) and Tallarida (1987).  

5.9.2 Kolmogorov-Smirnov Test 

The Kolmogorov-Smirnov (K-S) fitting test matches the obtained data with a hypothesised or 

theoretical distribution. It works by measuring the probability of the obtained data being 

generated from a hypothesised distribution with the predicted factors. 

It should be remembered that the K-S test should be applied in preference to the Chi-squared 

fitting test owing to its result, which is not influenced by the bins rule; it is practical and valid 

for a meticulous sample size and is powerful against alternative distributions. 

 

𝐷𝑛 = sup[|𝐹𝑛(𝑥) − �̂�(𝑥)|]               (5.2) 

  

Where,  

 n  is the total number of observations  

�̂�(𝑥) is the fitted cumulative distribution function 

𝐹𝑛(𝑥) = 𝑁𝑥 𝑛⁄ , 𝑎𝑛𝑑 

𝑁𝑥 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 (𝑋𝑖′𝑠) 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 (𝑥)  

The K-S test is similar to the Anderson-Darling test, but it places more emphasis on the tail 

values and does not rely on the number of intervals or bins. The Kolmogorov-Smirnov 

statistic is computed by applying a formula that involves the entire number of data points and 

the fitted cumulative distribution function (Lopes, 2011). 

 

5.9.3 Anderson-Darling Test 

The Anderson-Darling fitting test (A-D) is similar to the K-S fitting test; however, it offers 

more weight to the tails of the distribution. It was intended to discover discrepancies in the 

tails of the fitted distribution and calculated data set. 
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The following is the expression or definition of the A-D fitting test: 

 

𝐴𝑛
2 = 𝑛 ∫ [𝐹𝑛(𝑥) − �̂�(𝑥)]

2
𝜓(𝑥)𝑓(𝑥)𝑑𝑥                              )

+∞

−∞
equation (5.3) 

Where, 

 𝑓(𝑥) is the hypothesised density function, 

 

�̂�(𝑥) is the hypothesised cumulative density function, 

𝐹𝑛(𝑥) =𝑁𝑥 𝑛⁄ , and 

𝑁𝑥 is the number of (𝑋𝑖 's) less than (x) 

 

This test is known to be more a commanding and less arbitrary test than that of its Chi-

squared counterpart. This is because it does not rely on the number of bins. However, a 

drawback of this test is that it does not sense tail discrepancies effectively. The Anderson-

Darling statistic is computed using a formula that involves the overall number of data points, 

a theorised density function and a theorised cumulative density function (Sinclair, 1990). 

 

 Analysis of Sensitivity  5.10

The analysis of sensitivity is a method of examining the influence of altering one or several 

uncertain key input assumptions on the outcome of a model. This process enables the user to 

work out the most crucial input variables that warrant the most consideration depending on 

the effect they have on the output of the investigated system. Also, these recognised inputs to 

the output should be concentrated and focused on more, and extra care should be taken when 

making decisions and plans based on the established modelling scenario.  

In previous studies, it has been demonstrated that the sensitivity analysis as the measurement 

of economic influence arising from alternative values of uncertain variables that influence the 

construction project economics (Marshall, 1999). In addition, the use of sensitivity analysis 

by applying weighting techniques in addition to MCS, when an input variable distribution is 
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altered, the weights are changed to agree to the new distribution (by re-weighting them) for 

the same sampled simulated values (RamaRao et al., 2003). 

5.10.1 Scenario Analysis  

A scenario analysis permits the identification of combinations of input variables that greatly 

help in achieving the defined objectives set for output values. This enables simulation results 

to be branded by statements to response questions, e.g.: 

 What is the input variable that contributes to considerably high time and cost? 

 What is the input variable that contributes to cost and time going 5% over budget? 

The significant risk in carrying out a scenario analysis is that the acquired results may be 

misleading if the subset of iterations carried out to calculate the scenario statistics for each 

input distribution in a scenario comprises a small number of data points. For instance, in a 

simulation of 100 iterations and a scenario target value > 90%, the subset will comprise 10 

data points only, which may not be adequate to yield trustworthy results. 

It should be noted that the procedure for carrying out scenario analysis in the present study is 

explained in Chapter 6 of this thesis. 

 

 Summary 5.11

In this chapter, a brief literature review of the MCS concepts and a description of the 

application of stochastic modelling to solve numerical problems have been presented. 

It was demonstrated that the application of stochastic modelling by utilising MCS techniques 

does not have the restrictions that the common Excel spreadsheet has. This makes MCS a 

critically important tool for mimicking and investigating real-world circumstances. 

The drawbacks or restrictions to the application of MCS in the risk management of 

construction projects were highlighted, starting with its unpopularity in the construction 

sector, moving to its unnecessary degree of sophistication for small-scale projects, and the 

requirement for a significant amount of data to be able to trust the acquired results, and 

finishing with the considerable doubts about its use in the construction sector. 

A concise introduction to risk analysis in relation to cost prediction and modelling was also 

presented. In addition, it was established that the risk analysis method is measureable, as well 
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as being a qualitative method that examines the outcomes of a decision-making process as a 

probability distribution and facilitates in the creation of plans and decisions about the 

indeterminate scenarios by utilising the judgement of a modeller or analyst and their intuition. 

Risk analysis is an important tool in the use of prediction techniques, since it permits analysts 

to examine the likelihood of projected values within prearranged ranges. 

Moreover, the most often-used kinds of probability distribution functions, such as cost 

modelling, were also described. In addition, their mandatory and optional parameters and 

arguments were demonstrated in the format used with @Risk, which is the computer-based 

software package utilised during the present research in order to perform the MCS. 

Finally, a brief overview of the goodness-of-fit tests available in the literature was provided; 

this included Chi-squared, Anderson-Darling and Kolmogorov-Smirnov. Also, the conclusion 

was made that, although visual inspection can reveal the type of probability distribution that is 

most able to fit and present the real data, a statistical test should be conducted to validate the 

probability distribution selection. The use of these statistical tests is shown in chapter 9. 
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6. CHAPTER SIX: RESEARCH DESIGN AND METHODOLOGY  

 

6.1 Introduction 

By definition, research is a systematic process that someone undertakes in order to find out 

something about an issue or issues of concern to themselves and the researcher has to justify 

the reasons for undertaking the research (Saunders et al., 2009). It means the researcher has to 

rely on systematising the process of research by ensuring that a clear research design can be 

created, so that the philosophical positioning of the researcher can be determined if need be 

(Easterby-Smith et al., 2002). In this research, the main issue has been to establish an ideal 

mechanism (or model) that could produce tangible results regarding how to undertake an 

analysis of variations in construction projects, and their impacts on projects success criteria in 

the Kingdom of Saudi Arabia (KSA). However, before collecting primary information about 

project successes in the KSA it was envisaged that a research design had to be developed so 

that the research could optimise the available sources of information. Therefore, this chapter 

undertakes a theoretical approach to research in general starting with an explanation of the 

research philosophy, research methodology and research methods as well as a justification for 

the selected philosophy, research methodology and research methods. 

The chapter concludes that, because of the research topic, it was inevitable that both positivist 

and interpretivist philosophies were critical to the decision of using a mixed research 

methodology. The chapter adopted the questionnaire survey as the main research method 

because if falls in line with the mixed research methodology (Bryman and Bell, 2011), which 

in turn aligns with the use of both positivism and interpretivism as the guiding research 

philosophy. The use of questionnaire survey was necessary in order address the research aim 

and objectives from a wider perspective. The chapter also concludes that circumstances 

beyond the researcher’s control were instrumental in the decision to use a questionnaire 

survey and interviews as well as a case study.  

 

6.2 Research Philosophy 

The basic reason why the researcher should state their research philosophy is that it acts as an 

invisible force that drives the researcher to make decisions with regard to the research design, 

data collection approaches and the way they can develop confidence in the data that they 
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collect for eventual analysis (Easterby-Smith et al, 2002). This implies that the principal 

reasoning that a researcher takes is driven by their beliefs and understanding of research and 

knowledge and how these two interchange in order to solve the natural curiosity that human 

beings possess (Saunders et al., 2009). Therefore, when a researcher explores the research 

philosophy as well as the methodology that they can use, it can save them time and resources 

such as expenses because the researcher can evaluate approaches that might or might not add 

value to the research process (Easterby-Smith et al, 2002; Bryman and Bell, 2011). For this 

research, four main philosophical approaches might have been applicable: (i) positivism, (ii) 

empiricism, (iii) realism and (iv) interpretivism. 

 

6.2.1 Positivism  

This is the philosophical stance taken by a researcher who believes in natural science (Bryant, 

1985; May, 2011). This means that, unless there is evidence that can be used to conduct tests 

or experiments and prove any causality, research is likely to be seen as irrelevant to the 

researcher (May, 2011). According to Bryman and Bell (2011), positivism is a philosophy 

that takes up the epistemological position that promotes the use and importance of natural 

science each time one studies the social reality because it can allow for a detailed probing of 

an issue so that facts can be unearthed. This implies that the researcher can detach themselves 

from the issue in order to investigate it, test it, or predict the likely behaviour so that in the 

end they can explain the issues surrounding the phenomenon (May, 2011). In this case, 

positivists believe in precise information that is governed by procedures and objectivity of the 

research process, or else the research results would not be reliable (May, 2011). This 

philosophy is important for research whose aim is to analyse variations in construction 

projects and their impacts on projects success criteria in the Kingdom of Saudi Arabia (KSA). 

However, not all the information needed to deal with such an analysis can be obtained if a 

researcher takes a positivist philosophy. Variations are not the only situations that need 

objective data, there are also issues of subjective influence of the data; hence the reliance on 

positivism alone may not be ideal for this research.  

 

6.2.2 Empiricism 

According to Bryman and Bell (2011), a researcher who adopts empiricism is said to rely 

heavily on the argument that knowledge from the reality can be obtained through experience. 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

68 

This also means that once an experience has been used it is possible to obtain facts in order to 

use them as a means of explaining the issues under research (ibid). Empiricism, therefore, 

values the tangible evidence that is not obtainable through social science; and is not able to 

rely heavily on interrogation of literature as a way of answering the research phenomenon 

(Bryman and Bell, 2011). It implies that there has to be evidence of an empirical nature that 

moves away from mere explanation or a descriptive view of the research; in other words, 

empiricism provides data that can be analysed and that is able to give tangible evidence for 

decisions emanating from data analysis (Frege, 2005). According to May (2011), empiricism 

is a philosophy that is based on facts, and there is a presumption that the researcher processes 

the data without influencing it; hence, the data becomes independent of the person analysing 

it. The main difference between positivism and empiricism is that under positivism the 

researcher develops a theory to work with and then gathers data to prove or disapprove the 

theory, whereas with empiricism the data is gathered to be analysed without necessarily 

referring to a theory (May, 2011; Bulmer, 1983). This is because if there are facts they can 

speak their own meaning (Bulmer, 1983). The similarity between positivism and empiricism 

is that they both need objectivity whereby the researcher can detach themselves from the 

social world where they are researching by ensuring that they are independent of the data and 

that the analysis is devoid of personal opinion (May, 2011). This is why empiricism tends to 

be achieved through experiments (Gilbert and Mulkay, 1984); the end result being that the 

results need no fashion when presenting them (Marsden, 1982). As a result, empiricism 

removes any form of flamboyance and superficial elements (Bhaskar, 1989); rather, it 

concentrates on substance, which can be useful to reason with (May, 2011). For this research, 

the process of assessing the perceptions of the impact of variation on construction projects in 

the KSA with a particular focus on cost, time, quality and the scope of the project could do 

with empiricism; however, there has been a theory set for the issue which was developed 

using a literature review. This means the data to be obtained will be based on the literature 

review that was cardinal in setting the theory; hence, the philosophy of empiricism has been 

seen as inappropriate for this research. 

  

6.2.3 Realism 

According to Saunders et al. (2009), realism is a philosophy that rests on the belief that the 

researcher is a social realist; one who looks at the phenomena based on their knowledge in 

order to arrive at a realistic view. This implies that the way the researcher behaves and the 
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way they treat a social issue can be linked to their basic knowledge (Bhaskar, 1993); making 

them realistic about the research. May (2011) opines that, when one considers the philosophy 

of positivism, one can believe that a researcher would not use any inner judgement before 

they could confirm the existence of an issue under research; if they did that, their arguments 

would be flawed. However, realism allows people to refer to their consciousness in order to 

provide a reflective position on the issue based on their own desires or needs (May, 2011). 

This implies that realism can be heavily linked to the level of exposure that the researcher has. 

According to Bhaskar (1989), it is possible to use empirical realism if the researcher has 

empirical data appropriate for the research, or critical empiricism if there is an element of 

precision with regard to the knowledge supporting realism. Because of the need to have a 

deeper knowledge about the subject matter in order to form a basis for realism, it was seen to 

be inappropriate for this research because the knowledge needed wold be too vast and 

specialised to apply realism realist philosophy to the full. Therefore, this philosophy would 

not be ideal for examining the impact of variation in the KSA construction industry.  

 

6.2.4 Interpretivism  

According to Bryman and Bell (2011), interpretivism is a philosophy that presumes that the 

researcher would need to use their human interest, and be able to look at how the data sits 

with the people or the way people can influence the data and eventually the outcome. 

Therefore, there is an element of belief that interpretivism does not only promote a review of 

the data like a natural science would do; rather, the researcher allows for the influence of the 

people that may occur in the research process. The researcher needs to provide leadership 

regarding the data required for the research (Grint, 2000) as well as how to analyse the data, 

with a high likelihood that the researcher would have to unravel the human relations as social 

entities of the society (May, 2011). Bryman and Bell (2011) opined that the nature of 

interpretivism is that it can allow the researcher to analyse the theory or literature and collect 

data that is both qualitative and quantitative so that it can be analysed in a more transparent 

manner. Interpretivism is therefore essential if the researcher needs to gather deeper meaning 

from respondents without being restricted to a single form of data.  
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6.2.5 Justification for Adopting Positivism and Interpretivism  

For the research to gather data necessary for modelling the impact of variation factors on 

construction projects for the KSA, it can be argued that there is a need to use both positivism 

and interpretivism. The philosophy of positivism would allow for objectivity in the 

development of the theory for the research; therefore, the data obtainable from the research 

based on positivism would largely be quantitative, and this could be useful in the research. 

Secondly, there is a need for explanation of the results (Saunders et al., 2009); in such a case, 

a more interpretivist philosophical stance is needed in order to extract deeper meanings of the 

phenomena causing variation factors in a project. Interpretivism is necessary to produce more 

qualitative data which could be useful in explaining the meaning behind the data.  

 

6.2.6 How Research Philosophy Informs the Research Methodology  

The philosophy of positivism (see section 6.2) is associated with the reliance on objective 

data as well as a systematic procedure devoid of subjective bias (Saunders et al., 2009; May, 

2011). The positivist philosophy, therefore, informed the research methodology in terms of 

the operationalisation of the research. The whole research methodology relied on a strategy to 

recognise the need for objectivity; hence, the adoption of a quantitative research methodology 

(see section 6.4). The implication of a positivist philosophy on the quantitative research 

methodology was implemented in the way the questions were to be asked, and the instruments 

of the data collection – other than the use of literature review. In addition, the decision on how 

to analyse the primary data was dictated by the positivist philosophy, hence, the use of 

assorted quantitative data analysis tools herein this chapter. The research methodology 

adopted for this research did not only cascade from the adoption of positivist philosophy; 

there was a critical need to ensure that detailed discussions of construction delay factors in 

Saudi Arabia could be incorporated in the research. A detailed analysis of the quantitative 

data has been implemented under chapter 8 of the thesis; whereby assorted statistical models 

have been deployed in order to establish the likelihood of factors affecting variations on 

projects in Saudi Arabia.  

 

The philosophy of interpretivism, according to Saunders et al., (2009) allows a researcher to 

take a worldview that interpersonal interest and human interactions form part of the critical 

process for the research. It also implies that a researchers’ interest in people and the way 
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humans influence the process of data creation would form an important part of the research 

(Bryman and Bell, 2011). For this research to operationalise the philosophy of interpretivism, 

it relied heavily in the qualitative research methodology as a complimentary research strategy. 

Therefore, interpretivist philosophy informed the qualitative research methodology herein 

implemented under chapter 7 where all descriptive data has been analysed and examined in 

order to establish the pattern. Overall, the application of both positivist and interpretivist 

philosophies in the research have been critical to the choice of a mixed research methodology 

as well as the use of a questionnaire survey as a means of collecting primary data. Before 

examining the research methodology, it was vital to examine the philosophy of knowledge 

(see section 6.3) in order to examine the influence it had on the chosen research protocol. The 

next section 6.3 critically evaluates epistemology, ontology and axiology philosophies with a 

view of informing the decision about the research methodology and research methods used 

herein.  

 

6.3 Philosophy of Knowledge  

Researchers can have varied levels of belief about how valuable knowledge is and eventually 

this could affect how the process of knowledge creation and addition could be interpreted 

(Saunders et al., 2009; Creswell, 2017; Bryman and Bell, 2011). Therefore, the three 

philosophies of knowledge need clarification before the approach to the research can be 

examined. It is critical to examine the philosophy of knowledge so that there could be a 

possibility of assessing how the research protocol would be influence; starting from the 

research methodology, research methods and the data analysis. 

 

6.3.1 Epistemology 

According to the Cambridge Advanced Learner’s Dictionary, epistemology is the “part of 

philosophy that is about the study of how we know things”; in like manner, Bryman and Bell 

(2011) opined that any issue relating to epistemology refers to the way the knowledge has 

been considered as an acceptable issue or not. If the knowledge is based on assumptions, then 

there is a possibility of evaluating the level of credibility that could be attached to it (Taylor et 

al., 2009). It implies that, where knowledge is concerned, the way in which it is developed 

would require a rigorous engagement with various subject matters and the ability to use data 
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in order to arrive at a consensus so that the information can be considered as knowledge 

(Bryman and Bell, 2011). Therefore, the value of epistemology in this research lies in the way 

the knowledge creation has been systematised in order to allow for the integration of 

methodological approaches with a view to accommodating various epistemological positions 

a researcher could take (Smith, 1983).  

6.3.2 Ontology  

The philosophy of ontology concentrates on the researcher’s view of the nature of existence 

of knowledge within social entities (Bryman, 2012). How a person understands what exists 

and the nature of existence can have a profound impact on their perception of knowledge 

creation and/or the nature of structuring the knowledge-creation process (Crotty, 1998; Healy 

and Perry, 2000). If the researcher has a solid base in objectivism or subjectivism, they could 

design their research process based on the ontological standing that they have adopted 

(Saunders et al. 2009). This could eventually lead to the way the researcher designs the 

research itself (Creswell and Plano-Clark, 2007). By examining what it means to exist, 

researchers are delving into deeper ways of understanding the importance of the knowledge 

being sought so that they can design how best to respond or deal with that knowledge. This is 

an important philosophy in this research because it highlights the need to understand the 

existence of time, cost, quality and factors that are external to the business or the consultants 

as they deal with variations in the construction industry in KSA. 

 

6.3.3 Axiology 

According to Saunders et al. (2009), every researcher has values of their own, and these 

values could influence the way they conduct their research. Axiology is a philosophy that 

assesses the role of the researcher’s values as they conduct the research (Smith and Thomas, 

1998); things like ethics and personal values would influence the decisions made in the 

research process as well as how the data or results can be interpreted by the researcher 

(Somekh and Lewin, 2005). If the individual has personal values that contradict the results of 

the research, it could be difficult for them to bring out conclusive evidence as the data would 

demand (Kenke, 2008). For this research, the process of identifying and modelling the factors 

influencing variations is vital to the construction industry of Saudi Arabia; therefore, the 

philosophy of axiology is vital in the sense that it allows the research to be conducted in such 

a way that it can be devoid of the influence of personal values.  



N. Alsohiman                                          2017                               University of Liverpool  

 

 

73 

 

6.3.4 Knowledge Philosophy Informs the Research Methodology  

For this research, the philosophy of epistemology informs the research methodology with the 

decision on how to use mixed methodology in order to ensure that there the result of the data 

collection could instil high level of reliability and validity. Creswell (2009) supports research 

methodology that could implement rigour in order to produce reliable and valid conclusions. 

The philosophy of epistemology influenced the selection of mixed methodology because the 

research problem of variations on construction projects have a multifaceted influence on the 

international market; hence, the Kingdom of Saudi Arabia would equally need a mixed 

methodology in order to produce valid conclusions from the research.  A systematic research 

methodology was critical to the research, hence, allowing for the choice of qualitative 

research methodology, which in turn is linked to the application of statistical analyses as a 

means of ensuring data reliability and validity.  

In a similar situation, the value of the philosophy of ontology had an equally vital role the 

selection of the methodological approach because the information concerning the factors that 

affect project variations is held in people. These could be practitioners, professionals, clients 

and the general industry players. This implies that there is value in the understanding that 

information is held in social entities (Bryman, 2012; Crotty, 1998). Ontology is critical to the 

evaluation of the existence of social entities within the Saudi context; and the way they are to 

be valued as a source of information led to the decision that a qualitative methodological 

consideration was highly critical. This shows that ontological considerations were critical do 

the decision for adopting a mixed methodology with equal measure. In the case of the 

philosophy of axiology, the researcher’s influence on which methodology to use has a 

reflective perspective of how valuable the research could be considered. Therefore, for the 

research to add to the creation of knowledge, the philosophies of epistemology, ontology and 

axiology were aligned with research philosophies of positivism and interpretivism on one 

side, and the decision for the research methodology on the other hand.  

 

6.4 Research Methodology  

In sections 6.2 and 6.3, it was critical to examine both research and knowledge philosophy 

respectively. In this section, was vital that the general view of research methodology forms 
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the natural progression. Bryman (2012) opined that the overall design for a piece of research 

should be referred to as the methodology; it symbolises the overarching approach to 

implementing the research, based on the philosophical standing (positivism and 

interpretivism); the philosophical standing for how knowledge is added as well as the 

reasoning for the research (deductive) (Saunders et al., 2009). There are three main strategies 

that can be used for research (Bryman, 2012), these are qualitative research methodology, 

quantitative research methodology or mixed methodology – which allows for the use of both 

qualitative and quantitative methodology at once. However, before decisions on which 

methodology was adopted it was vital to assess the influence of the research philosophy as 

well as the philosophy of knowledge; in order to highlight how decisions cascade from 

philosophy so actual implementation.  

 

6.4.1 Qualitative Research Methodology  

According to Silverman (1993), qualitative research methodology is a strategy that relies 

heavily on the qualitative type of data such as words, signs and symbols that cannot easily be 

expressed using numbers; and that the manner in which they are captured could include the 

contextualisation of the research process to allow for social interaction (May; 2011). As a 

result, Easterby-Smith et al. (2002) felt that using a qualitative research methodology allows 

for the collection of words and not numbers so that the analysis could include the context in 

which the words were uttered and the purpose of sharing them. This approach to research is 

suitable for the interpretivism form of philosophy whereby the examination of the social 

world can be expressed in many ways other than the numbers alone (Bryman and Bell (2011). 

The overall distinction between qualitative and quantitative methodology is that researchers 

take the opinion that qualitative methodology does not rely on numerical data as the main 

driver for primary information; rather, it allows non-numerical data to take centre stage. 

However, if the numerical values are used as characters they can become applicable to the 

research, as is the case with the categorical data for the Likert scales for this research (Brase 

and Brase, 2011).  

 

6.4.2 Quantitative Research Methodology  

Quantitative research methodology is a strategy that concentrates on collecting quantitative-

related data from the research process so that the numbers therein can be used to analyse and 
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paint a picture of what information can be obtained from the data (Bryman and Bell, 2011). 

The researcher would have to design the data collection mechanisms that would allow for 

quantitative data to be central to the data collection and analysis process (Saunders et al, 

2009). The influence of the quantitative research methodology is felt in the way the data 

collection system is organised (May, 2011); it means that the researcher could set up 

experiments, numerical readers or counting mechanisms in order to apportion the weighting 

of the factors against each other (ibid). It is also possible that texts and notes can be used to 

collect the quantitative data therein, as Bryman and Bell explained (2011). In the case of this 

research, it is possible to generate the quantitative numbers from the survey based on the 

ranking of factors used for assessing the severity of the variations in projects in the KSA.  

 

6.4.3 Justification for Adopting Mixed Research Methodology  

If the research has data elements that require descriptive analysis and would also need 

quantitative data in order to obtain a fuller meaning behind the information, it is imperative 

that the researcher adopts a mixed methodology (May, 2011). The researcher could gather the 

information based on documentation, literature, interviews and surveys in order to understand 

the reasons behind the data (Bryman and Bell, 2011). This research envisaged that qualitative 

data would be critical; because for this research social entities of the Saudi industry would 

possess enormous information that would be extractable with the use of qualitative research 

methodology. This aligns with the philosophy of interpretivism as well as the philosophy of 

ontology and axiology.  

On the hand, it could be argued that the research would need to use quantitative mechanisms 

to gather data that could be useful in testing the hypothesis or approving a theory (ibid). In 

such a situation, quantitative data becomes essential (May, 2011). The issue of variations and 

the assessment of what factors contribute to their causation could be analysed in depth if there 

was a possibility of designing the research under the philosophy of positivism and 

interpretivism so that both qualitative and quantitative data could be captured. It can also be 

argued that, for deeper analysis of factors such as cost, time, quality and scope of the project, 

there is a need to adopt both qualitative and quantitative research methodology because the 

two strategies could complement each other in the research (Colin, 2007). It was therefore 

justified to adopt a mixed methodology for this research because the research demands the use 

of both descriptive data and numerical data to refine the analysis of the research results. The 
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adoption of a mixed methodology suffices and is in line with the research philosophy as well 

as the philosophy of knowledge; hence, adding value to the research because a mixed 

methodology offers a systematic protocol that is reliable and valid.  

 

6.5 Approaches to Reasoning behind the Research Process 

Saunders et al. (2009) opined that the approach to the research is also determined by the way 

a researcher reasons about it. This means that, if the researcher develops a process before they 

undertake the research, the results would have to be assessed against the theory (Bryman and 

Bell, 2011). Similarly, if the researcher has no theory from the onset and relies heavily on the 

information gathered prior to development of a theory, then the researcher would have 

adopted a different approach to reasoning (ibid); the full details are herein explained in 6.4.1 

and 6.4.2.  

 

6.5.1 Inductive Theory of Reasoning  

According to Bryman and Bell (2011), a researcher is at liberty to start observing events as 

they wish and then develop a theory from the data emanating from these observations. 

Bryman and Bell (2011) further argued that if the researcher has a topic in mind they can 

explore it, and then develop a theoretical explanation of the topic after they have collected 

data and analysed it. The conclusions from such a process are based on inferences that can be 

deduced from the observations. While inductive reasoning is ideal in some research projects 

(Saunders et al., 2009), it could be difficult to apply in the current research on the impact of 

variation on construction projects in the KSA with a particular view of cost, time, quality and 

scope of the project. It would imply that the research had been started by observation only, 

and that issues of variations in the industry were only stumbled upon. This would then have 

meant that the researcher had to deal with issues of variations in an unknown direction of 

argument. In such a case, it could be possible to agree with Bryman and Bell (2011), who 

opined that inductive reasoning is not an easy way to conduct research, and that if the research 

is qualitative in nature it can become more difficult to handle the data. Therefore, this 

approach to the research has been discounted because it does not apply to the situation. It 

could equally delay the research process because the focus would not have been made clear 

from the onset.  
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6.5.2 Deductive Theory of Reasoning  

Saunders et al. (2009) opined that the opposite of inductive reasoning is called deductive 

reasoning in the research process. It is a research approach that commences with the theory 

creation, followed by observation of the events and then a clear set of conclusions can be 

drawn from the observation (Bryman and Bell, 2011). Therefore, a researcher could use their 

curiosity to develop a theory of some sort about an issue; after creating the theory, the process 

of observation can be designed and the data from the said observations can be collected 

(Saunders et al., 2009). It is also possible that, at the theory phase, the researcher could 

hypothesise what they feel would be the causal relationship between issues or what the 

outcome could be (Bryman and Bell, 2011). At the data collection phase, it is possible to 

generate qualitative and/or quantitative data, or the data could also be empirical in nature 

(ibid). The results could then be useful for the establishment of the hypothesis or to prove or 

disapprove the theory that may have been created prior to the commencement of the research 

(Saunders et al., 2009). Deductive reasoning is ideal for the research on the impact of 

variation on construction projects in the KSA with a particular view of cost, time, quality and 

scope of the project; this is because the research started with an assessment of what could be 

the causes of variations in projects. Having developed the theory, it was possible to develop 

the arguments for and against the many factors that have been identified as being critical to 

the resolution of variations.  

Overall, it can be observed that the adoption of either deductive reasoning or inductive 

reasoning is considered to be the researcher’s choice, not a hard and fast rule that has been 

established in the realm of research (Bryman and Bell, 2011). The researcher has a 

prerogative to choose the approach they feel would work well for them. In the case of this 

research project, it was prudent to use deductive reasoning as a way of creating a direction in 

the research.  

 

6.6 Research Approaches emanating from research philosophy  

For this research to be operationalised effectively there was a need to review the research 

approaches that could be applied to a project-based topic of research (Adekunle, 2011). 

Therefore, this section examines the exploratory research, constructive research and the 
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empirical research approaches. The aim of this section it to mark a clear distinction in the 

research approach that has been adopted; hence, add validity and reliability in the research 

design (Saunders et al., 2009).  

 

6.6.1 Exploratory Research Approach  

According to Zampetakis and Moustakis (2010), a research that adopts an exploratory 

approach is expected to use the research questions to explore the issues at hand without 

necessarily expecting a conclusive result or solution to the process. It implies that the research 

merely explores the issues that may not have been clearly stated or refined for one to pinpoint 

how to research it (Balbaster-Benavent et al., 2005). For instance, if the research question is 

driven by a problem, the research approach may not be sure about how to design the research 

approach; hence they take an exploration of the various issues and expect to find further 

information that could be useful in the future resolution of the problem (Hallowell, 1999). 

With exploratory research, the questions, problems, or issues of the research could be clarified 

as the research process takes place (Sotgiu and Ancarani, 2004). Gaining new insights about 

the research problem takes an evolutionary cycle, hence, increasing the knowledge about the 

problem through exploratory research (Saunders et al., 2009).  

Awwad and Akroush (2016) argued that exploratory research process could aid the overall 

research design because it allows the researcher to leave room that could be useful in the 

future and that they can expand the approach to the resolution of a research problem. It is 

possible to adopt exploratory research on variations in Saudi construction; because it gives 

flexibility and could be adaptable in the approach. However, it leaves a lot of uncertainty and 

can be fuzzy, hence leaving room for unreliability in the research design (Saunders et al., 

2009). Exploratory could also lead to subjectivity and bias (ibid); and can only promote the 

process of fulfilling the curiosity of the researcher; hence, it could not be ideal for this 

research.  

 

6.6.2 Constructive Research Approach  

According to Oyegoke (2011), constructive research starts with a “construct” or a “concept” 

or “hypothesis” that has to be approved or disapproved using practical problem solving 

research techniques. It implies that the research starts from the perspective of ensuring the 
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outcome of the research could only be achievable if there are practical steps in solving the 

problem (Lindholm, 2008). Pekuri (2013) stated that the knowledge from the constructive 

research is expected to have an impact on how things are operated and that knowledge created 

from the research could add value to society or to the body of knowledge. Constructive 

research could therefore be implemented using many research methods such as case study, 

action research, grounded theory and or ethnography (Creswell, 2007). However, the 

constructive research has to focus on the outcome that it was designed to achieve (Kekäle, 

2001; Kasanen et al., 1993). The attribute of using varied research methods to implement 

constructive research approach can allow for triangulation – whereby data is collected using 

various methodological strategies (Dainty, 2008). If the constructive research approach is 

used in management, it is expected to bring a measure of practicality in the research process 

(Labro and Tuomela, 2003). For this research, constructive approach has been central to the 

application of the research philosophy of positivism and interpretivism, as well as a means to 

demonstrate that this research has epistemological value.  

6.6.3 Empirical research Approach  

According to Gorane and Kant (2015) empirical research approach requires that the 

researcher can gather information and gain knowledge through observation, evaluation and 

analysis. The observation could be undertaken in a direct way or in an indirect manner, for as 

long as there is design for which the information could he analysed qualitatively or 

quantitatively (Chatzoudes et al., 2015). At the heart of empirical research approach are four 

key steps: (i) observing the phenomenon, (ii) using induction where the research could have 

no theory. (iii) Using the deductive reasoning where the researcher would have a theory prior 

to commencement, and (iv) testing the results for eventual analysis and evaluating the results 

to that the researcher can deduce or identify any patterns in the data (Soni and Kodali, 2012; 

Creswell, 2007). Soni and Kodali (2012) observed that a research should have empirical data 

for it to provide empirical evidence which could have been collected in a direct or indirect 

process and or through formal experimentation. The process of recording the observation as a 

means to collect the data that is needed for eventual analysis if a critical part of empirical 

research approach (Cresewell, 2007; Saunders et al., 2009). The researcher is expected to 

design the process of observation; and that the analysis of the data collected could be 

replicated if possible so that the procedure could be termed reliable (Saunders et al., 2009). A 

researcher could also develop a theory before they start the empirical research approach, then 
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after they collect the data, they approve or disapprove the theory or hypothesis (Jasti and 

Kodali, 2014).  

This research has adopted elements of constructive research approach as a means to design 

the research methods because constructive research approach aligns with the selected 

philosophies. Because there was no experimentation planned for this research, empirical 

research approach was not fully applied, even though the observations of the information 

were part of the pilot study.  

 

6.7 Research design and methods  

From the onset, section 1.4 shows that the aim of the research had been to “establish a model 

that could be used to estimate the cost of variation orders in construction projects in the 

Kingdom of Saudi Arabia”. Additionally, it was envisaged that for this aim to be achieved, 

three objectives were critical, and these are “to identify the main sources, causes and impacts 

of variation in construction projects in KSA”. “To investigate the relationship between 

variation causes and their impacts on project success criteria of construction projects in KSA” 

and “to develop a model for analysing the influence of variation on construction project 

outcomes in KSA for clients to use” – see section 1.5. Based on the aim and objectives of the 

research, the research was designed in accordance with the methodological decision of a 

mixed methodology whereby both quantitative and qualitative data form a key role to the 

design of the research. Based on a deductive reasoning approach (see section 6.5), the design 

of the research was so based on ensuring that research methods could collect both quantitative 

and qualitative data. In such a situation, there are many research methods that can be useful to 

the research; however, not all were adopted here because of the nature of the subject area and 

the theory created from the literature. Below is a general overview of the research methods 

(also called data collection methods).  

 

6.7.1 Survey  

It has been recognised that a mail survey is a cost-effective method of data collection by a 

well-written questionnaire survey. The survey consists of a set of questions submitted to 

project-relevant professionals/parties in order to gain statistical information 

(HyperDictionary.com, 2015). Newell et al. (1993) explained that questionnaire mail surveys 
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are ideal for large sample sizes or samples received from a large geographical area, and they 

cost less than a telephonic survey; however, they take longer to complete (Newell et al., 

1993). In addition, interviewers are not involved in mail surveys, thus avoiding interviewer 

bias, and there is also no possibility of questioning respondents for more comprehensive 

information. A wide variety of other approaches for gaining information are highlighted in the 

open literature reviews; these include:  

i. Literature reviews: this involves reviewing most of the accessible material 

resources such as papers, annual reports, magazines, journals and any published 

data. This is an economical approach but may not yield the required information in 

time.  

ii. Interaction with field experts and gatherings at seminars to collect information that 

is not available publicly or may be too recent to be obtained in open literature. 

Indeed, this method can be significantly valuable; however, it is vastly subjective 

and might not be representative as a whole.  

iii. The focus group approach is utilised to investigate people’s ideas, perceptions or 

opinions and behaviours to validate new approaches or products. In general, this 

method is costly and time consuming and may not provide information that is 

representative of all group members.  

iv. Interviews with a wide variety of people are collected to acquire in-depth and 

broad information (e.g. by one-to-one interviews or possibly group interviews). As 

described earlier, this is also a time-consuming and costly method of data 

collection.  

v. In the cases when personal opinions are required, telephonic surveys have been 

found to be useful. Large sample size surveys are easily conducted using this 

approach. 

vi. Another useful tool is the e-mail and internet surveys that are effectively utilised to 

collect data. These methods are fast and cost effective; however, they may not 

representative because of the demographical profile that the internet covers. Also, 

data biases may be a factor that needs to be taken into account.   
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Moreover, several other authors, such as Newell (1993), have pointed out that mailed 

questionnaire surveys and interviews have been found to be effective, sufficient and favoured 

approaches for obtaining the information necessary for the present type of research 

investigation; thus, they were utilised in this study. Further details of these methods are given 

in the following sub-sections.  

 

6.7.2 Questionnaire 

A questionnaire is defined to be a set of questions devised to generate the specific data 

required for fulfilment of a study’s research goals (Parasuraman et al., 1991). It is the fastest 

way of acquiring the statistical information or data in a most effective manner. The survey 

involves distributing the designed questionnaire to respondents who are willing to participate 

and collecting the completed survey forms for the desired research investigations. 

 A written questionnaire has several merits/advantages and demerits/disadvantages in 

comparison to other evaluation methods. This has been described by several investigators 

(Dawson, 2009; Burns and Burns, 2008). The following is a summary of their findings on 

questionnaire-type surveys:   

The following are the advantages of the written questionnaire survey:  

(i) The respondents are allowed to freely respond with answers to the questionnaire 

without interference of any kind;  

(ii) A questionnaire survey allows anonymity, which leads to enhancement of the response 

rate and may increase the possibility that responses reflect genuine views;  

(iii)A questionnaire is less intrusive than telephonic or personal queries because it can be 

easily distributed, either by mail or hand to hand;  

(iv) If questionnaire is properly designed, it can address a vast number of issues and 

questions in a more effective way and with the likelihood of a high response rate;  

(v) A questionnaire is an inexpensive and efficient mode of data collection, in particular, 

for investigations involving large sample sizes and covering large geographic 

localities. In cases when the number of questions in the survey are increased, it 

becomes even more cost effective and comprehensive; 
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(vi) The data obtained from a questionnaire survey can be easily analysed. It does not 

require complicated analytical tools; rather, it could be done using commonly adopted 

computer software packages.  

(vii) A questionnaire is a uniform set of questions distributed to each respondent; 

this permits closed-form questions to be asked, to standardise the responses, which can 

facilitate an effective interpretation of the data from a small to a large number of 

respondents.  

(viii) A questionnaire is a commonly known approach to collecting specific 

information with which respondents are quite familiar, and thus it does not make them 

uneasy (apprehensive).  

 

The following are the disadvantages or demerits of the written questionnaire survey:  

(i) A questionnaires survey can be misrepresented if the respondent is not the person to 

whom it was sent. This is because it is possible for several copies of the questionnaire 

survey to be delivered to unrelated or irrelevant respondents;  

(ii) In certain circumstances, a questionnaire becomes inappropriate or unsuitable for 

evaluation if a follow-up is required, since it does not offer flexibility;  

(iii)It can be misleading if the questions are not designed correctly;  

(iv) The data collected in a questionnaire survey are not high quality in comparison to 

alternative methods, e.g. interviews or meetings. This is because the lack of personal 

interaction has numerous impacts on the type of questions being asked. However, a 

questionnaire requesting factual data will possibly not be influenced by the lack of 

personal contact; 

(v) A questionnaire survey may have a low response rate, consequently reducing the 

confidence level in the findings. However, an appropriately designed questionnaire 

may yield an enhanced response rate.  
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6.7.3 Case Study 

A case study, according to Voss et al. (2002), is a primary research method that allows the 

researcher to observe a phenomenon and be able to ask questions in any way permissible so 

that they can obtain answers relating to their concerns or research issues. The process of 

gaining data from a case study could be through observation, or by interviewing or by using a 

series of questions (Voss et al., 2002; Yin, 2009). However, the researcher is not allowed to 

take part in the phenomenon that they are researching because doing so would defeat the case 

study per se; it would imply that the research is taking the form of an action-related research. 

If the researcher were to participate, they would have to marry the process of obtaining data 

and analysis whilst participating, and this can be difficult (Coughlan and Coghlan, 2002). In 

the event that the research data to be gathered using a case study has been based on historical 

data, it is possible for the researcher to plan and construct questions so that they can assess the 

performance of the phenomenon as presented by the historical information that they gather. 

For example, Smith et al. (2004) used a case study in their research by preparing the case 

adequately through identification of which industry they could target and an assessment of 

how the problems would be studied. After that, they were able to develop an assessment of a 

design and build procurement system in a residential housing development (ibid). They also 

made sure that they had developed a set of criteria that would be assessed; for instance, they 

selected the contracts and management performance as well as factors within the company 

and how they impacted on the process of design and build (Smith et al., 2004). The lesson 

from their work has been that being decisive about the factors to assess in a case study can 

lead to better results (Smith et al., 2004; Voss et al., 2002; Yin, 2009). Other important factors 

include, but are not limited to, ‘sufficiency’ of resources and adequacy of time to deal with all 

the data from the case study, as well as the time it could take to adequately analyse the data 

with regard to the research issues under review (Yin, 2009). 

Some of the advantages of using a case study in this research are as follows:  

(i) The ability to gather a comprehensive set of data about an issue, and that the data 

can be very rich and deeper in quality and content (Naoum, 2012);  

(ii) There is a possibility to engage as many participants as possible using a critical 

approach to what they do, as the researcher can interview them and probe them as 

deeply as possible (Learmoth, 2006);  
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(iii) It is possible to use other forms of testing and analysis within the case study, 

meaning that questions can be asked, observations can be made and interviews can 

be undertaken without impacting the data collection process (Fellows and Liu, 

2008);  

(iv) During the case study, the ideas can easily be adapted in order to ensure that the 

research can be conducted properly and the intended target can be assessed (Yin, 

2009). 

Some of the disadvantages of the case study are as follows:  

(i) Even if case studies can allow critical thinking about a phenomenon, it can be 

difficult to arrive at clear answers, hence failing to create a causal relationship 

between variables at times (Learmoth, 2006; Voss et al., 2002);  

(ii) In most cases, a lone researcher can undertake a case study (Yin, 2009); in such a 

case, it can be difficult for the individual to follow all the leads whose data may be 

necessary for the research (Fellows and Liu, 2008);  

(iii) If the researcher is overwhelmed by the bulky primary data, they can easily 

become biased towards their beliefs and perceptions about the phenomenon under 

research (Naoum, 2012);  

(iv) There can be poor application of scientific research principles if the researcher has 

not been able to master such (ibid); there is a major weakness for case studies 

relating to the difficulty of generalisation of results from a case study (Voss et al., 

2002). 

 For this research, it was important to adopt case studies to form part of the verification 

process of how organisations respond to the impact of variation on construction projects in the 

KSA with a particular view of cost, time, quality and scope of the project. Case studies have 

been essential in construction research (Naoum, 2012; Fellows and Liu, 2010); therefore, it 

was envisaged that the use of case studies could complement other research methods in the 

assessment of factors causing variations in Saudi Arabia. More details about the case study 

process will be presented in section 6.12 of this thesis. 
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6.8 Questionnaire Design and Implementation for the Research  

Improperly designed and prepared mail surveys can prove to be time consuming. This 

necessitates that the proper design and preparation steps should be taken before the 

questionnaire is distributed among the potential respondents. This permits the collection of 

high-quality data. 

 Bearing such points in mind, two main goals were set for the questionnaire design:  

 To achieve the optimum response rate by potential respondents, allowing them to 

willingly answer the questionnaire at their convenience;  

 The questionnaire is designed in a way that it permits the achievement of maximum 

accuracy and relevancy with respect to the desired data. 

In the first instance, optimising the response rate, this is achievable by establishing an 

understanding. The goals or objectives need to be explained accurately and clearly. In 

addition, the length of the survey needs to be optimised. On the other hand, accurate and 

relevant information is acquired by giving thought and consideration to the prescribed 

questions in terms of having a well-defined order and layout. In general, a higher response 

rate is not a straightforward phenomenon to be achieved from a questionnaire survey. 

However, the proper implementation of the following parameters could facilitate the 

achievement of the maximum response rate.  

6.8.1 Questionnaire Mailing Process 

The questionnaire envelope makes an important first impression when the questionnaire is 

mailed to potential respondents; this means that better-quality envelopes are more likely to be 

opened immediately by respondents. For example, the best envelopes to be used in mail 

surveys are coloured, hand-addressed, and have a commemorative postage stamp on them 

(Dillman, 1991). Indeed, this has been identified by several other researchers as well in terms 

of first class mail when compared to bulk mail. A meta-analysis of these investigations 

revealed a small but considerable aggregate difference of 1.8% on the answer rate (Naoum, 

2012). Bulk mail envelopes are commonly perceived as 'junk mail', unnecessary, or less 

personal, and this will be reflected in a reduced response rate. However, an increase in the 

response rate is achievable by using registered, certified, or special delivery mail. Indeed, this 

must be weighed against the concerns of angering respondents who have to make a special 

journey to the post office to collect questionnaires sent in such a way. Keeping in view the 
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sensitivity of the issue, coloured envelopes with fist class stamps were used in the present 

survey with properly hand-written addresses.  

 

6.8.2 Covering Letters 

Another useful tool to maximise is the covering letter. A well-written, short, precise and 

properly worded covering letter will have a greater impression on the respondents (Dillman, 

1991). This provides the best opportunity to address and persuade the respondent to respond 

the questionnaire happily. However, there are mixed opinions on these covering letters. For 

example, some investigators have found that a personalised and well-written covering letter 

yields an enhanced response rate (Dillman, 1991; Gump, 2004). In contrast, others believe 

that personalisation or ‘fancy’ covering letters have no effect on the response rate (Fox, 

1988). However, a general consensus could be that the better the covering letter the greater 

the likelihood of an improved response rate. Another aspect of the covering letter is the 

signature, which has also been investigated. It has been found that ethnic-sounding and status 

names of the researcher, for example, professor, doctor, graduate student, etc., do not affect 

the response rate ((Naoum, 2012).  

Moreover, it has been reported that mimeographed signatures work as well as hand-written 

signatures (Munn and Drever, 1990). However, it has also been reported that hand-written 

signatures produce an enhanced response (Munn and Drever, 1990). Another investigator has 

found that covering letters signed with green ink enhanced the response rate by 10%. It has 

also been reported that a handwritten postscript (P.S.) in the covering letter may enhance the 

response rate. However, recent studies have found no considerable difference in the response 

rate. 

 In the present study, a good, hand-signed, personalised covering letter was used in the survey 

to persuade respondents to respond; in particular, the following factors were taken into 

account:  

 Research sponsors and objectives were identified and defined;  

 The questionnaire envelope included a stamped self-addressed return envelope; 

 Quick responses were encouraged without pressurising the respondents with 

completion deadlines; 
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 In the questionnaire, the confidentiality or anonymity policy was explained and 

ensured; 

 In order to address queries, if any, comprehensive contact details (name, email and 

telephone number) were provided. 

 

6.8.3 Delivering the Questionnaire Directly 

In addition to the above processes, there was a direct delivering process of distributing the 

questionnaire whereby the participants were defined and a copy of the questionnaire was 

given to them in person to gain as many responses as possible. Quick responses were 

encouraged without pressurising the respondents with completion deadlines. In addition, the 

other factors mentioned above were considered.  

 

6.8.4 Online Survey Software Applications  

Having designed the questionnaire, it was important to explore measures that could be useful 

in delivering it as efficiently as possible while maintaining the highest levels of anonymity. 

The use of online-based methods to distribute survey questions was seriously contemplated 

(Bryman and Bell, 2011). There are many applications that can be used for such an 

endeavour; for this research, a survey-based system was used to create an online survey in 

order to address the need for participants to be able to access the questionnaire quickly. By 

using such software, an innovative online survey can be created by different agents such as 

organisations, universities and research companies to obtain specific respondents’ views. 

Apart from the usual process of posting questionnaires, the online software application was 

necessary to supplement the postal questionnaire delivery system. It was necessary to use 

online software as a mechanism for persuading respondents to identify any data that they 

could share in order to obtain as detailed primary data as possible. The procedure taken for 

using an online survey for this research was similar to the questionnaire mailing procedure, 

with the addition of the following: 

 An online link was provided for respondents so that they could receive a formal 

invitation as well as participate in the survey at the same time without giving out their 

personal information, hence maintaining high levels of anonymity. Also, the link 
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mentioned the possibility of receiving a hard copy with a stamped self-addressed 

return envelope if respondents wanted to fill in the questionnaire manually. 

 The time expected to fill in the survey was written on the front page of the online 

questionnaire. 

Results were obtained and included in the data analysis – as shown in Chapter 7 of this thesis. 

 

6.9 General Information Sampling  

Singh (2006) and Sounderpandian (2008) stated that for a research project to be reliable and 

credible it should demonstrate that the sampling for research participants was conducted in a 

scientifically proven manner. In other words, the actual process of selecting research 

participants (sample = n) from a group of potential sources, herein called a population (N), is 

a critical issue for a research methodology (Singh, 2006; Black, 2011). According to Black 

(2011) there are four main types of sampling techniques, these are, (i) random sampling; (ii) 

stratified sampling; (iii) volunteer sampling; and (iv) the systematic sampling. These 

techniques are not ranked in their level of importance, argued Moore (2010); rather, the way 

they can be applied to a particular research (McLeod, 2014). The other strategic categorisation 

of sampling techniques is the “probability” and the “non-probability sampling” (ibid). 

Random sampling, stratified random sampling and the systematic sampling fall in the 

category of probability sampling because they officer an equal opportunity to elements of the 

population (N) to become part of the sample (n). On the contrary, non-probability sampling 

does not offer an equal opportunity or chance to all elements of the population (Moore, 2010; 

Black, 2010).  

 

6.9.1 Random Sampling Technique  

The random sampling technique is also referred to as s statistical random sample (Black, 

2011) has the potential to ensure that every participant of the population (N) has the 

statistically equal chance to be selected and be able to form part of the sample (n) 

(Sounderpandian, 2008; Singh, 2006). The random sampling technique does not favour a 

simple entity in the population; rather it offers everyone an equal chance to be selected from 

the population (ibid). Therefore, the normal procedure would be to ensure that there is an 
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identifier attached to every potential participant within the population, so that their identifiers 

could be used to select them in a random fashion such as picking names from a hut or 

conducting a raffle ticket as a means to select participants in a random way (Sounderpandian, 

2008).  

According to Black (2011) the use of a random sampling technique is extremely advantageous 

because it does not only give an equal chance to the population but also eliminates potential 

sampling bias. The potential for the unbiased representation of the population offers the 

highest attraction to random sampling technique (ibid).  

However, Singh (2006) argued that it has a massive disadvantage concerning how it can be 

applied considering that the population could be enormous and sparsely located; hence the 

application random sampling can be time consuming, require massive effort and can consume 

a lot of financial resources (Black, 2010).  

 

6.9.2 Stratified Random Sampling Technique  

Moore (2010) defined stratified random sampling as a technique where the researcher 

identifies a target population, then subdivides it in categories that the researcher believes 

would serve the interest of the research. This implies that there is a deliberate intervention 

from the researcher at a particular point in time so that population can be subdivided and then 

a sample could be taken from the subdivisions (Black, 2011). The proportional representation 

of the population can be arrived at using a key identifier such as gender, specialisation, or 

level of income and a critical form of categorisation necessary to warrant a subdivision of the 

population (McLeod, 2014). The main advantage of stratified sampling technique is that it can 

be reduce the resource constraints of the research (ibid) because the subdivision of the 

population could be natural. Stratified sampling technique facilitates the closer analysis and 

selection of the sample from the target population (Singh, 2006). However, the main 

disadvantage is that it can be time consuming to subdivide a population in general (ibid). 

 

6.9.3 Systematic Sampling Technique  

The researcher can use a logical sequence of thinking and justification to target elements of 

the population to form a sample, hence, this technique is called systematic sampling (Black, 
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2011). This forms a layer in the stratification of the elements in the population so as to ensure 

a systematic protocol for selecting the sample. Even though this process is advantageous due 

to the speed with which one can create a sample, it is expensive, difficult to achieve and 

introduces bias (Black, 2011). 

 

6.9.4 Opportunity Sampling Technique  

According to Moore (2010) opportunity sampling is a technique that is non-probability type 

of sampling that rely heavily on the people who form part of the population and are available 

and wing to take part in the research. This implies that the participants are convinced that it 

would be convenient for them to take part in the research (ibid). The advantage of opportunity 

sampling is the reduced costs and speedy way to form a sample. However, it has a massive 

disadvantage of bias in the process of sampling. 

 

6.10 Operationalisation of the Sample  

From the onset, the research was designed to accommodate as many respondents as possible 

in order to receive a wider range of opinions that can then offer reliable conclusions from the 

research. However, it was difficult to ascertain the actual number of construction 

professionals, clients and project managers that might be working in the Saudi Arabian 

industry. Therefore, the sampling technique to use in such circumstances required a critical 

rethink. Theoretically, a sample (n) is considered to be a sub-section of the population (N), 

opined Brase and Brase (2011). In the case of this research, it was important to ascertain the 

population (N) in order to work backwards and determine the sample (n) so that the questions 

could be presented to the sample. The idea is that once the sample has been surveyed their 

response could then be generalised to the population (Kuzel, 1992). Naoum (2012) opined 

that, regardless of the difficulties in determining the population, it is important to use random 

sampling when arriving at the sample.  

 

6.10.1 Selective (or Stratified) Sampling Technique  

There was also the possibility of using a stratified sampling technique whereby the researcher 

had to design a two-phased approach, first, by requesting information from potential 

participants and, secondly, to choose the participants to use in the research (Naoum, 2012). 
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This first step was not possible because of the constraints related to the research schedule as 

well as to the costs of searching for the right type of participant. Ultimately, the sample could 

have been biased from the word go (Moore, 2010); hence, it was impossible to use stratified 

sampling.  

 

6.10.2 Simple Random Sampling Technique 

According to Suri (2011), the application of random sampling as a technique for choosing the 

sample means that the researcher identifies the target population and is able to give each 

person in that population a statistically equal chance to participate in the research. Thus, the 

probability of participating in the research is given to each and every person (Brase and Brase, 

2011). Realistically, though, it is impossible to find a way of including all possible 

construction professionals and affording them a chance to take part. In the field of project 

management, there are many issues that are examined; some could be contextual while others 

could be technical (IPMA, 2006). Therefore, it is important to review how researchers in 

project management have been adopting their sample. For instance, Elbanna (2015) targeted a 

number of employees working for companies within the United Arab Emirates (UAE) cities 

of Abu Dhabi, Dubai and Sharjah. This meant that the research was able to virtually 

concentrate on particular firms in the particular location. Another example is the sample that 

Brière et al. (2015) used when they examined the non-governmental organisations in project 

management. They only used 28 project managers from Canadian non-governmental 

organisations in their research on project management. This implies that Brière et al. (2015) 

relied on a simple random method to find their sample from the known organisations (Moore, 

2010). The way a study implements a simple random sample is by ensuring that any potential 

participant is allocated a number such that it can be drawn from a virtual sampling hut or a 

spreadsheet where numbers are allocated randomly. If the number of potential participants is 

large, it is possible to get a high level of response, as was the case with Spalek (2014), who 

had a 52% return rate for participants. In the case of Elbanna (2015), the return rate was 82%. 

There are many ways the return rate can be improved; this could be the length of time it takes 

for the survey to be administered or the design of the primary data collection mechanism 

(Naum, 2013). If it takes a very long and the number of people participating is equally high, 

the results can be accepted in project management research (de Carvalho et al., 2015).  
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Therefore, this research set a target of 120 participants working in the Kingdom of Saudi 

Arabia or those working with construction-related firms that offer services to their businesses. 

The justification for targeting 120 participants is the high number of project management 

studies carried out over the years (Elbanna, 2015; Spalek, 2014; Brière et al., 2015) whose 

sampled population never exceeded 100 participants. Therefore, it was observed from past 

research in project management that a study with over 120 participants would produce results 

that could be valid statistically (Moore, 2010), depending on the circumstances that the 

researcher may have faced. In the case of this research, the population was unknown at the 

start of the data collection and there was a need to identify three major groups: (i) project 

owners, (ii) project consultants and (iii) contractors. It was envisaged that at no point could 

the research find a myriad of contractors, or project owners, let alone consultants working on 

various projects in the Kingdom of Saudi Arabia. The nature of the business is such that a 

handful of such categorised respondents could be handling many projects at any point in time; 

hence, it was justifiable to set a target of 120 respondents.  

 

6.11 Design of the Questionnaire and Data Coding  

The primary objective of the questionnaire was to examine how various groups of respondents 

could rank or rate the factors that have the potential to cause variations to any project. Each 

section of the sample had a set of factors gathered from literature and summarised in table 

form so that the respondents could rank them in accordance with their perceptions. Therefore, 

before analysing the result, it is important to briefly explain the factors and their coding – as 

stated here in sub-sections 6.11.3 to 6.11.6  

6.11.1 Pilot Study (Primary Questionnaire)  

The first step was to prepare a pilot survey which had a list of questions that could be 

evaluated by a small sample of people operating in the industry. The rationale for developing 

a pilot study was to create a list of questions that could be commented upon in order to use the 

feedback as the basis for developing the full survey. Bryman and Bell (2011) encouraged the 

use of methods that can test the resilience of the data-gathering tools in order to make sure 

that the data collection process can be as error proof as possible, even though not all errors 

can be eliminated. In this case, copies of the primary questionnaire were distributed to certain 

staff operating in the industry for them to provide their opinions about the designed 

questionnaire – whether it was understandable and clear to the participants and if they had any 
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comments before its final distribution. A number of useful suggestions and comments were 

received, for example, a suggestion to add numbering to the questionnaire’s slides and the 

time remaining to complete the questionnaire, which could help the participants know the 

required effort and time required to fill in the questionnaire. 

 

6.11.2 Final Form of the Questionnaire  

Using the feedback from the pilot survey, the final questionnaire was prepared. It had 

questions that were standardised in such a way that they could be coded in order to make them 

ideal for a stipulated set of participants within the sample. For instance, there were sets of 

questions whose emphasis was on project owners; others were related to consultants, while 

contractors had their own way of looking at variations to projects as same as being the same 

as external factors.  

 

6.11.3 Question Coding for Owners  

There were 18 main factors that were identified and linked to and triggered by project ’owner’ 

or project sponsors. The list of factors – herein called variables linked to owners – is not 

exhaustive as such; rather, it covers issues that have been identified as cardinal to this 

research. The 18 factors were abbreviated as follows: OC1 to OC18, as summarised in Table 

6-1. This implies that on the questionnaire respondents were asked to rate the factors using a 

Likert scale of (1) to (4) – whereby (1) stood for ‘not applicable or disagree’, (2) stood for 

‘slightly agree or low impact’, (3) stood for ‘significant impact moderately agree’, and (4) 

stood for ‘major or (high) impact or strongly agree with question’. 

Although the factors were labelled OC1 to OC18, it did not mean that the first one was more 

highly rated than the second one; meaning that the order in which the factors were listed in 

Table 6-1 did not have a bearing on the relative importance they had within the research. All 

factors were of equal importance to the research and each one had the same likelihood of 

appearing at any positon in the table.  
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Table 6-1: Codes and descriptions of variation causes instigated by the Owner 

 

 

6.11.4 Question Coding for Consultants 

A separate set of questions were needed in order to assess the opinion of consultants who 

worked on projects within the Kingdom of Saudi Arabia. Therefore, a set of factors against 

which the Likert scale was to be tested were developed from the literature. The 17 factors 

were abbreviated as follows: CC1 to CC17, as summarised in Table 6-2. Therefore, each 

question could be rated using a similar Likert scale so that there was consistency in the way 

Code Causes of variation instigated by the Owner 

OC1  Inadequate planning led to change in project purpose and scope 

OC2  Change of implementing schedule by owner  

OC3  Bureaucracy in prompt decision-making process 

OC4  Obstinate nature of owner 

OC5  Inadequate experience of owner's staff 

OC6  Lowest bidding procurement method 

OC7  Additional works added by owner 

OC8  Mode of financing and payment for completed work 

OC9  Shortening in project period 

OC10  Obstacles in project’s site haven't been solved before starting the project 

OC11  Long period between design and time of implementation’s start 

OC12  Managerial corruption 

OC13  Inadequate penalty in the contractual documents towards contractor’s delay 

OC14  Political pressure to speed up construction processes 

OC15  Limitation of local construction codes 

OC16  Rigidity of public works contract 

OC17  Absence of continuous supervision from top management 

OC18  Restrictions against foreign companies 
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respondents were being surveyed about the issue. In this case, consistency could allow for 

comparative analysis of the responses (Black, 2010). 

Table 6-2: Codes and descriptions of variation causes instigated by the Consultant 

 

6.11.5 Question Coding for Contractors  

The questionnaire for contractors had questions that were coded as follows: CNC1 to CNC17, 

as summarised in Table 6-3. The set of questions for contractors were needed to form the 

basis for analysing variations in construction projects, and their impacts on project success 

criteria in Saudi Arabia; hence, the coding of key factors that the contractor could trigger was 

necessary. 

 

Code Causes of variation instigated by the Consultant 

CC1 Errors and omission in design 

CC2 Lack of coordination among project parties 

CC3 Lack of consultant's knowledge of available materials and equipment 

CC4 Inaccurate estimation of implementation cost 

CC5 Absence of contractors’ involvement in design stage 

CC6 Conflict between design consultants and implementation consultants 

CC7 Insufficient working drawing details 

CC8 Acceleration of design phase’s time  

CC9 Consultant’s lack of experience and specialist 

CC10 Complexity in design  

CC11 The objectives of the project are not well defined  

CC12 Lack of previous similar projects' data  

CC13 Frequent change of consultant’s staff  

CC14 Safety consideration  

CC15 Applying value engineering  

CC16 Restriction of local construction codes  

CC17 Changing some of the project ideas during design phase  
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Table 6-3: Codes and descriptions of variation causes instigated by the Contractor 

 

6.11.6 Question Coding for External Factors 

A similar approach was taken for questions that were considered to be centred to external 

factors. The 12 factors were abbreviated as follows: EC1 to EC12, as summarised in Table 6-

4. Like the other coded factors, there was no preference for any factor to be listed before the 

other on Table 6-4; any factor could have been listed in any order.  

 

Code Causes of variation instigated by the Contractor 

CNC1  Inadequate site investigation               

CNC2  Misunderstanding of tender documents and poor cost estimation for the table of 

quantities during bidding stage  

CNC3  Work suspensions due to conflicts        

CNC4  Lack of coordination between general contractors and subcontractors 

CNC5  Contractor’s extreme desire to maximise the profitability        

CNC6  Lack of specialised construction manager    

CNC7  Shortage of skilled manpower and efficient equipment 

CNC8  Contractor's commitment to several projects at the same time with limited 

resources and potentials 

CNC9    Contractor’s financial difficulties                          

CNC10  Neglecting risk management procedure               

CNC11  Fraudulent practices, kickbacks and corruption 

CNC12  High machinery maintenance costs       

CNC13  High interest rates charged by bankers on loans received by contractors 

CNC14  Stealing and waste on site                    

CNC15  Fast-tracking of construction processes         

CNC16  Poor relationship between manager and workers       

CNC17  Contractor experiencing difficulties in obtaining accreditation   
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Table 6-4: Codes and descriptions of variation causes instigated by the External factors 

 

Having separated the factors used in the process of primary data collection, it was possible to 

collect the data from the questionnaire survey based on the codes from Tables 6-1 to 6-4. 

Therefore, the analysis for all data will be presented in Chapter 7.  

 

6.12 Question Coding for the Case Studies  

Having decided to use case studies as part of the primary data collection (section 6.6.4), it was 

imperative to try and systematise the process of data collection at the time of data collection 

(Yin, 2009). This meant that the planning for how the data was to be collected from the case 

studies had to take place prior to the data collection, as was advised by Voss et al. (2002). The 

driving factor for planning the implementation of the data collection through case studies was 

the need to align the data with that which would have to be collected using questionnaires and 

interviews. This meant that there was a need to code the area of questioning from the case 

studies and be able to cover the owners, consultants, contractors and external factors – as was 

the case with the questionnaire survey. From the onset, the data collection from the case 

studies was designed to gather as much general information about the projects as was 

Code Causes of variation instigated by the External factors 

EC1  Natural disasters  

EC2  Socio-cultural factors  

EC3  Political issues   

EC4  Unexpected ground conditions  

EC5  Inflation    

EC6  Fluctuation in prices of raw materials   

EC7  Inadequate production of raw material in the country 

EC8  Adverse effect of weather    

EC9  Change in government regulations   

EC10  Unforeseen problems  

EC11  Environmental considerations  

EC12  Pressure from Rights organisations  
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permissible. The main criterion was that projects were taken from the construction field in 

Saudi Arabia. Each project had to be funded by or belong to both public and private sectors; 

and most of them were from the building sector and not the infrastructure sector. Projects in 

the infrastructure sub-sector of the construction industry tend to take longer; hence, it was 

seen that the nature of such projects could stifle the analysis schedule due to their longer-term 

attribute. The total number of projects used on this research was 18; they varied in budget size 

and implementation duration. More projects were sought for the research; however, only 18 

had a positive indication for participation in the research.  

 

6.12.1 Design of Data Collection Form 

The template for questions to be used in the case studies was based on the selection of the key 

factors that were identified in the pilot survey process. This means that the factors that were 

established as being strongly linked to causing variations were considered to be vital to the 

creation of the questioning process within the case study data collection exercise.  

 

6.12.2 Question Coding for Factors 

The coding for the questions used in the data collection for the case studies was designed to 

mimic that of the questionnaire for the four groups, namely: Owner-related causes, 

Consultant-related causes, Contractor-related causes and External-related causes. The only 

difference between the questionnaire and the question template for the case studies was that 

under the questionnaire each group had their own set of factors that they were able to grade in 

accordance with their perception. In the case of the questionnaire, the whole group of 

questions were placed on the same template so that each case study could be dissected. 

Subtitling was used within the template in order to ease the process of questioning, as 

highlighted in Table 6-5. At first, the coding categories for the questions were related to each 

sub-section, for instance, ‘OC’ was owner-related factors, CC’ was consultant-related factor, 

‘CN’ was contractor-related factors and ‘EC’ was related to external factors. Table 6-5 shows 

a mapped code that indicates the alignment between the codes used in the case study and 

those used on the questionnaire template. The mapping process was necessary in order to 

make the results from the case study more applicable to the overall research analysis. The 

description of these codes is shown in appendix C.  
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Table 6-5: Variation causes codes used in the case study vs codes used in the 

questionnaire 

Group 
Variation causes codes  

used in the case study 

Corresponding Variation causes codes  

used in the questionnaire 

ca
u

se
s

 
re

la
te

d
-

w
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O

 

OC2s OC2 

OC3s OC3 

OC4s OC4 

OC13s OC13 

OC5s OC5 

OC6s OC6 

OC7s OC7 

OC8s OC8 

OC9s OC9 

OC16s OC16 

ca
u

se
s

 
re

la
te

d
-
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CC1s CC1 

CC2s CC2 

CC4s CC4 

CC5s CC5 

CC7s CC7 

CC9s CC9 

CC10s CC10 

CC11s CC11 

CC12s CC12 

CC13s CC13 
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C
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n
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CNC1s CNC1 

CNC2s CNC2 

CNC3s CNC3 

CNC4s CNC4 

CNC6s CNC6 

CNC7s CNC7 

CNC8s CNC8 

CNC9s CNC9 

CNC10 CNC10 

CNC16s CNC16 
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EC1s EC1 

EC2s EC2 

EC3s EC3 

EC4s EC4 

EC7s EC7 

EC8s EC8 

EC9s EC9 

EC10s EC10 

EC11s EC11 

EC12s EC12 

 

 

6.13 Research framework 

A research framework has been designed to explain and summarise the research process in a 

simple way, as shown in Figure 6.1. 
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Figure 6-1:  Research Methodology and Framework.  
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6.14 Data Modelling  

This research uses several integrated steps to develop the stochastic model for analysing the 

variation in construction projects. The variation causes Analysis Process can be explained 

more clearly through the following steps: 

Step 1: 

As illustrated before, a questionnaire was used to collect data about the causes of variations in 

construction projects in KSA. To eliminate the potential bias arising from respondents’ 

opinions, the questionnaire was sent to participants who were experts in the construction 

domain in KSA. The data was then fed back into SPSS data and analysed as described in 

Chapter 7. Ranking analysis is used to extract the most important causes of variations. 

ANOVA analysis is used to test the difference between the opinions of the respondents. 

 Step 2: 

The results from step 1 are used to derive the regression to model the cost of causes of 

variations. Regression modelling techniques have been extensively in the construction 

industry to model construction cost. Chapters 4 and 5 reviewed the techniques used for this 

purpose. This research employed the following equation:  

 

𝑌 = 𝛽0 
+ ∑ 𝛽𝑖 𝑅𝑝𝑖

𝑖=𝑛
𝑖=1 +∝                                                 (6.1) 

 

Where:  

Yi = the value of the dependent variable, i.e. cost of variation  

𝛽0 = constant 

𝛽𝑖 = the weight of the independent variable 

Rpi = variation factors  

∝ = error  
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This work used a multiple linear regression model to quantify the relationship between costs 

of variation, as proxy of cost overrun, as a dependent and its independent variables (causes of 

variations); Chapter 8 provides further details. 

 Step 3:  

In this step, the causes of variation that were deemed important in predicting the cost of 

variation by the multiple regression equation are selected for probability distribution fitting. 

By fitting a theoretical distribution to the data, the specified distributions should be less 

sensitive to random fluctuations between different observations. A series of theoretical 

distribution functions were applied to fit the data collected from the questionnaire survey. 

Statistical tests such as the Andersen-Darling test are used to select the best-fit distributions. 

These distributions are then used in @Risk software to perform Monte Carlo simulation. 

Step 4:  

Monte Carlo simulation is considered to be one of the most powerful techniques for stochastic 

modelling. The technique is considered to be important in capturing the uncertainties in the 

model constructs. In this study, all of the dependent and independent variables are considered 

to have a high uncertainty. Thus, Monte Carlo simulation is used to capture the variability that 

may exist in each of the study constructs. Inter-relationship between cost overrun from case 

study projects and causes of variations is captured through the linear equations developed in 

step 3. The simulation process will generate the cost of variation. This process will be 

explained more clearly in Chapter 8 of this thesis. 

 Step 5:  

The results generated from step 4 are subjected to analysis to determine the nature of the 

resulting probability distributions. Thus, empirical distributions are defined for the simulated 

data. The process of identifying and confirming the distribution of the best-fitting 

distributions is necessary because it can provide several benefits including knowing the upper 

and lower limits of risk impact events. Several statistical techniques are used to compare and 

analyse the results. The study uses correlation coefficient, PP plots, Andersen-Darling test and 

descriptive statistics. Plots and charts are also used to observe the variability of output from 

the simulation. 

The steps to derive the model are shown in the following figure, Figure 6.2.  
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Figure 6-2: Variation Modelling Process (Tasks 4 & 5 from the research structure) 

 

6.15 Summary  

For research on modelling the causes of variations in the KSA, it is vital to consider the use of 

both positivism and interpretivism as the guiding research philosophy. Secondly, the 

appreciation of the impact of the variation factors could only be analysed by creating a theory 

based on the literature review as well as the research questions, meaning that the research 

adopted a deductive approach. Due to the fact that the research needs to use both primary and 

secondary data, it was inevitable that a questionnaire survey comprised of various sections 

Step 5 

Identifying and confirming the distribution of the best-fitting distributions to provide several benefits 
including knowing the upper and lower limits of risk impact events by using several statistical techniques such 

as correlation coefficient, PP plots and Andersen test. 

Step 4 

Inter-relationship between cost overrun from case study projects and causes of variations is captured 
through the linear equations developed in step 3. The simulation process will generate the cost of variation.  

Step 3 

Statistical tests such as Andersen test areused to select the best-fit distributions by using @Risk software to 
perform Monte Carlo simulation. 

Step 2  

Using a multiple linear regression model to quantify the relationship between costs of variation, as a proxy of 
cost overrun, as a dependent and its independent variables (causes of variations). 

Step 1 

Collecting data about variation causes' impact on project success criteria. SPSS is used to analyse the data 
and ANOVA tes is used to test differences between the opinions of the respondents. 
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was required, in order to address the issue from many angles. The adopted research method 

falls in line with the mixed research methodology (Bryman and Bell, 2011), which in turn 

aligns with the positivism and interpretivism philosophy. The chapter concludes that 

circumstances beyond the researcher’s control were instrumental in the decision to use a 

questionnaire survey and interviews as well as a case study. In order to design the 

questionnaire, it was important to undertake a pilot survey stage using an online engine that 

returned results as quickly as possible in order to test the validity and reliability of the 

questions to be used in the research process. The template of questions that were approved 

was then used as the basis for generating questions to be used in the interviews as well as the 

case study template. It was also possible to develop a dedicated set of questions for the case 

study template in order to combine the questioning for all four sources of variations – namely, 

owners, consultants, contractors and external factors. Coding the case study questions prior to 

their use was vital in order to ensure that the data to be collected could easily align with that 

collected with other research methods. Finally, the data modelling process was summarised in 

five steps. More details about the modelling process will be provided in Chapter 9 of this 

thesis. 

  



N. Alsohiman                                          2017                               University of Liverpool  

 

 

108 

7. CHAPTER SEVEN: DESCRIPTIVE ANALYSIS AND DATA RANKING  

 

 Introduction 7.1

Any industry that carries out work using projects will experience commonly known 

constraints whose impact could be peculiar to that industry, the nation or region. Some of the 

factors have been found to be generic in the way they affect projects such that they can be 

applied with a global dimension. The Kingdom of Saudi Arabia (KSA) is not unique in the 

way it has been implementing its own work through projects such that the factors that impact 

the construction process have been modelled through various mediums over the years. 

However, an integrated assessment of factors such as variations to construction projects with 

regard to how they impact cost, time, quality and scope of the work is lacking. When one 

considers the issue of variation in a single factor such as cost, assessment of the likelihood 

that other issues could equally impact the project is bound to be omitted; hence, there was a 

need to review how a collection of factors could respond to variations in the construction 

industry for the Kingdom of Saudi Arabia.  

This chapter, therefore, analyses the results from the questionnaire survey, which was 

designed to explore perceptions of the impact of variation on construction projects in the KSA 

with a particular focus on the cost, time, quality and scope of the project. Although the 

literature indicated that variations could be triggered by a myriad of factors, this research 

developed a range of variables that are centred on four major trigger factors: (i) causes of 

variation instigated by the project owner; (ii) causes of variation instigated by the 

consultant(s); (iii) causes of variation instigated by the contractor; and (iv) causes of variation 

instigated by external factors. In order to improve the comprehensibility and readability of the 

data analysis, this chapter is presented in such a manner that it follows the way respondents 

were asked to rate their perceptions in the questionnaire. Hence, the factors instigated by 

project owners have been analysed first, followed by those instigated by consultants and so 

on.  

 

 Respondents’ General Information  7.2

Even though the target sample was 120 participants, requests to participate in the survey were 

made to more than 120 participants working in the construction industry in the Kingdom of 
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Saudi Arabia. However, only 73 returned valid questionnaires with all sections fully 

responded to. The idea behind increasing the number of requests for participation was to 

guarantee a higher rate of response; in reality though only 61% responded – that is, 73 people 

out of a target of 120.  

The first breakdown of the participants’ information is summarised in Table 7-1, which 

relates to their job title at the time of the survey. The table shows that 42 respondents (58%) 

were working as project managers, 19 respondents (26%) were working as engineers, while 

12 respondents (16%) were working as managerial and/or strategic management officers. 

Table 7-1 shows that the respondents were fully engaged in project activities; for instance, the 

management and/or strategic officers were essential for the survival of their businesses. These 

were key decision-makers in many businesses such that their involvement in the issue of 

variations was inevitable.  

Table 7-1: Breakdown of the respondents under the job title category  

Job title Score (%) 

Project manager 42 58% 

Engineer 19 26% 

Managerial & strategic officer 12 16% 

Total 73 100% 

 

The second piece of demographic information required from the respondents was the years of 

experience they had in the construction industry. The question did not ask for their specific 

areas of experience; it just asked them to state the category that fitted their years of experience 

at the time of the survey. Essentially, it was vital to attract highly experienced respondents 

because the chances of them having gone through a ‘variation experience’ were high. The 

responses are presented in Table 7-2: 20 respondents (27%) had six to 10 years of experience 

and another 20 respondents (27%) had more than 15 years of experience. However, 18 

respondents (25%) had less than five years of experience while 15 respondents (21%) had 11 

to 15 years of experience. It can be argued that the breakdown of respondents in terms of 

experience was finely balanced because, even though 25% had less than five years of 

experience, the other 75% had an extremely high level of industrial experience. The overall 

high level of experience can be expressed as a factor in assuring the reliability of the 

respondents’ opinion about the issue of variations in the construction industry.  
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Table 7-2: Breakdown of the respondents under the years of experience in their post  

Experience Score (%) 

0-5 years 18 25% 

6-10 years 20 27% 

11-15 years 15 21% 

More than 15 years 20 27% 

Total  73 100% 

 

The third question asked respondents to state the sector in which they worked at the time of 

the survey. It was important to establish the sector – mainly because the response to variations 

can vary from sector to sector. For instance, public institutions would have to seek approval at 

various levels of government before responding to variations, while the private sector may 

also use assorted forms of contractual clauses in order to anticipate variations. Table 7-3 

shows that 47 respondents (64%) worked in the private sector while 26 respondents (36%) 

worked in the public sector. 

The government is the main source of funding for all public sector works. As for the private 

sector, there is a lot of variation in terms of project sponsors; hence, the categorisation of 

sectors in Table 7-3 highlights the varied nature between the public and the private sector.  

Table 7-3: Breakdown of the respondents under the sector in which they worked at the 

time of the survey  

Sector Score (%) 

Public Sector 26 36% 

Private Sector 47 64% 

Total 73 100% 

 

Question 4 asked for the categorisation of respondents in terms of the role that they played in 

projects at the time of the survey. The rationale for asking this question was to ensure that 

there was a way of determining how the respondents could influence or be influenced by the 

issue of variations in their workplace. There were 28 respondents (38%) that had owner 

responsibilities, 23 respondents (32%) had contractor responsibilities, while 22 respondents 

(30%) played the role of consultant, as summarised in Table 7-4. Even though there were 
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more research participants that represented project owners, a relatively large number of 

respondents worked as consultants and contractors, meaning that there was a relatively even 

balance between owners, consultants and contractors in the total number of respondents.  

Table 7-4: Breakdown of the respondents under the role they played in projects  

Party Score (%) 

Owner 28 38% 

Consultant 22 30% 

Contractor 23 32% 

Total  73 100% 

 

A survey based on literature review and interviews in addition to personal meetings was 

carried out in this research study in order to find out the factors causing the initiation of the 

variation orders and their consequences on construction projects in the Kingdom of Saudi 

Arabia (KSA) during the project life cycle. The construction data was acquired from the 

questionnaire survey that was applied to design and validate innovative models to predict the 

negative impacts of variation orders on project success, i.e. in terms of cost, time, quality and 

scope according to their origin. 

Findings from the organised survey was undertaken to rank the importance of the recognised 

factors affecting project performance due to variation orders in construction projects and, as a 

whole, their associated consequences on project success criteria; cost, time, quality and scope. 

 

  Data Analysis and Ranking  7.3

The questionnaire findings on the causes of variation orders are described in the following 

sequential order: i) owner, consultant, contractor and external factors. Thus, four main criteria 

that influence the project due to variation orders are: 1) cost, 2) time, 3) quality and 4) scope.  

The common methods of ranking the variation factors are based on mean rank analysis, 

standard deviation and profession ranking to find out the different views of the respondents. 

Other methods that were used are the coefficient of variation, which is an identical measure of 

the spread of a probability distribution or frequency distribution, severity index, which 

provides homogenous criteria to ensure inter-rater equality in assigning severity, ANOVA 
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test, which is used to attribute agreement analysis among participants in the various 

professions, and overall group factors ranking to determine the respondent’s ranking on each 

of the factors according to their importance and impact on variation in the project success 

criteria. From the results of the survey, the factors were ranked based on their impact and 

importance in two ways: as group ranking and overall ranking. 

In the current study, SPSS and Microsoft Excel were used for the ranking analysis. The 

method of analysis and ranking is based on statistical analysis (Field, 2005; Morgan et al., 

2004; Punch, 2006): 

 The average weighted mean 

 Standard deviation 

 Coefficient of variation 

o The ratio of standard deviation as a percentage (%) of the mean 

o For comparing the relative variability of various responses 

o The lower the variation coefficient, the better the variability 

 Severity index 

 Ranking of the indicators based on their significance 

 The higher the percentage (%), the more significant the factor 

 Analysis and ranking. 

The mean weighted rating for each variation cause is calculated to show the importance of 

each indicator, using equation 7.1 below. 

Mean weighted rating = [ ∑ (R*F ) ] / n    equation (7.1) 

Where: 

  R = rating of each variation cause (1,2,3,4) 

  F = frequency of responses 

  n = total number of responses ( n = 73) 
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The severity index (S.I.) measure is used to rank the indicators based on their significance. 

Equation 7.2 presents how S.I. is calculated:  

  S.I. = { [ ∑(W*F) ] / n } * 100                                               equation (7.2) 

 Where:           

W = weight of each rating (1/4, 2/4, 3/4, 4/4) 

   F = frequency of responses 

   n = total number of responses ( n = 73 ) 

The ratio of standard deviation (SD) as a percentage of the mean is called the coefficient of 

variation (COV) and is used for comparing the relative variability of responses. 

  COV = ( S / M ) * 100 %                    equation (7.3) 

 Where:              

 S = standard deviation 

   M = weighted mean sample 

A list of variation causes originated from the literature was provided to the respondents, who 

were asked to rate the impact of variation causes on the project success criteria. The analysis 

of the scores could be undertaken using various techniques based on results that are shown in 

Table 7-5 and other following tables. However, the most important factor that needs detailed 

analysis is the sensitivity of the scores in relation to selected factors and how such factors 

influence variations in a project. Therefore, the severity index was used to assess the ranking 

of factors based on a Likert scale of 1 to 4; whereas the respondents were asked to give their 

views about the impact of variation causes on the project success criteria: cost, time, quality 

and scope. Scale 1 means no impact, scale 2 means low impact, scale 3 means medium impact 

and scale 4 represents high impact of the factor on project success criteria. The neutral 

element of the Likert scale lies between 3 and 4, meaning that, if the score is less than 3.0, 

then the factor can be ranked as low or no impact. In contrast, if the score is 3.0 or more, it 

means the factor is ranked medium or high depending on the percentage of the severity index 

score. Therefore, a high mean average and a high severity index ranking would lead to the 

conclusion that the factor is perceived to have a high impact on variations (i.e. project success 
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criteria). On the other hand, a low mean score and a lower severity ranking implies that the 

factor is not perceived to have a massive impact on variations.  

From the questionnaire survey, Figure 7-1 shows that there were 18 causes related to the 

owner, 17 causes related to the consultant, 17 causes related to the contractor and 12 causes 

related to the external factors. Therefore, there were 64 selected causes of variation that were 

used in this study. Clarification of the variation causes’ codes that are used in this chapter was 

shown in Table 6-1 in Chapter 6 of this thesis.     

 

 

Figure 7-1: Variation Causes based on their originated sources 

 

 Analysing and Ranking of the Variation Causes Influencing Project Cost 7.4

 

7.4.1 Causes Due to Owners   

Eighteen selected causes of cost variation were related to the owner group. Table 7-5 shows 

the ranking of variation causes that affected cost by the owner-related category. Fourteen 

factors out of the 18 were found to have mean scores above the neutral point of 3.0, which 

represents 72% of the group factors. This high percentage gives an indication of how related 

owner group factors could impact variation cost in projects.  

 The highest ranked factor in this group was OC12 Managerial corruption, with a severity 

index score of 89.38 and a mean score of 3.58; the second highest ranked score was OC1: 

Inadequate planning led to change in project purpose and scope, with a severity index score of 

89.04 and a mean score of 3.56; the third highest ranked factor was OC7: Additional works 

Owner  18 Causes  

Consultant 
17 Causes  

 

Contractor 17 Causes  

External  12 Causes  
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added by owner, with a severity index score of 85.96 and a mean score of 3.44; while the 

fourth highest ranked score was OC10: Obstacles in project site have not been solved before 

starting the project, with a severity index score of 82.88 and a mean score of 3.32.  

On the other hand, the lowest ranked factor within the owner group is OC18: Restrictions 

against foreign companies, with a severity index score of 65.75 and a mean score of 2.63; the 

second lowest ranked score was OC17: Absence of continuous supervision from top 

management, with a severity index score of 73.63 and a mean score of 2.95; the third lowest 

ranked factor was OC4: Obstinate nature of owner, with a severity index score of 73.63 and a 

mean score of 2.95; while the fourth lowest ranked score was OC11: Long period between 

design and time of implementation’s start, with a severity index score of 74.32 and a mean 

score of 2.97.  

Although there are four factors with mean scores below the neutral point, their mean values 

are very close to the neutral point of 3.0, which reflects the important impact of owner group 

factors on the cost variation in projects.  
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Table 7-5: Ranking Owner-related variation causes that influence project cost 

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

O
w

n
er

-r
el

a
te

d
 c

a
u

se
s 

OC12 5 5 6 57 3.58 0.896 89.38 25.03 1 3 

OC1 1 7 15 50 3.56 0.726 89.04 20.39 2 5 

OC7 1 4 30 38 3.44 0.666 85.96 19.36 3 10 

OC10 2 9 26 36 3.32 0.797 82.88 24.01 4 20 

OC14 6 10 16 41 3.26 0.986 81.51 30.25 5 24 

OC5 5 9 24 35 3.22 0.917 80.48 28.48 6 25 

OC16 4 13 21 35 3.19 0.923 79.79 28.93 7 31 

OC2 2 10 34 27 3.18 0.77 79.45 24.21 8 34 

OC3 1 13 32 27 3.16 0.764 79.11 24.18 9 35 

OC6 3 15 23 32 3.15 0.892 78.77 28.32 10 37 

OC15 6 9 26 32 3.15 0.938 78.77 29.78 11 38 

OC9 8 10 21 34 3.11 1.021 77.74 32.83 12 40 

OC13 5 15 23 30 3.07 0.948 76.71 30.88 13 43 

OC8 5 16 23 29 3.04 0.949 76.03 31.22 14 45 

OC11 4 20 23 26 2.97 0.928 74.32 31.25 15 48 

OC4 4 17 31 21 2.95 0.864 73.63 29.29 16 49 

OC17 7 17 22 27 2.95 0.998 73.63 33.83 17 50 

OC18 15 16 23 19 2.63 1.087 65.75 41.33 18 60 
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7.4.2 Causes Due to Consultants    

In Table 7-6, which shows the ranking of variation causes with respect to cost originated by 

the consultant-related category, it can be seen that the average severity index scores range 

between 64.38% and 91.44% and the mean values vary from 2.58 for the lowest ranked factor 

to 3.66 for the highest ranked factor. Eleven factors scored mean values over the neutral point 

of 3.0, which represents more than 64% of that total number of factors in this group, meaning 

that there the consultant group has a great impact on project cost.  

The highest severity index score for group factors and for overall group ranking was CC1: 

Errors and omission in design, with a score of 91.44 and a mean score of 3.66; the second 

highest severity index score was 90.75 for CC4: Inaccurate estimation of implementation cost, 

with a mean score of 3.63. Factor CC2: Lack of consultant's knowledge of available materials 

and equipment, scored 85.62 from the severity index with a mean score of 3.42, while CC8: 

Acceleration of design phase’s time, scored 84.25 and had a mean score of 3.37, and CC10: 

Complexity in design, also scored 84.25 and had a mean score of 3.37. 

In contrast, the lowest severity index score was CC17: Changes in some of the project ideas 

during design phase, with a score of 64.38 and a mean score of 2.58; the second lowest 

severity index score was 68.84 for CC15: Applying value engineering, with a mean score of 

2.75. Factor CC13: Frequent change of consultant’s staff, scored 70.55 from the severity 

index with a mean score of 2.82, while CC14: Safety consideration, scored 71.23 and had a 

mean score of 2.85. CC12: Lack of previous similar projects' data, scored 71.58 and had a 

mean score of 2.86. 
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Table 7-6: Ranking Consultant-related variation causes that influence project cost 

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

C
o
n

su
lt

a
n

t-
re

la
te

d
 c

a
u

se
s 

CC1 2 4 11 56 3.66 0.711 91.44 19.43 1 1 

CC4 3 4 10 56 3.63 0.773 90.75 21.29 2 2 

CC2 3 8 17 45 3.42 0.848 85.62 24.80 3 11 

CC8 4 8 18 43 3.37 0.89 84.25 26.41 4 13 

CC10 2 8 24 39 3.37 0.791 84.25 23.47 5 14 

CC11 5 10 13 45 3.34 0.961 83.56 28.77 6 18 

CC9 3 6 29 35 3.32 0.797 82.88 24.01 7 21 

CC3 5 10 23 35 3.21 0.927 80.14 28.88 8 26 

CC6 3 14 22 34 3.19 0.892 79.79 27.96 9 32 

CC7 2 17 21 33 3.16 0.882 79.11 27.91 10 36 

CC16 3 22 20 28 3 0.928 75.00 30.93 11 46 

CC5 6 15 29 23 2.95 0.926 73.63 31.39 12 51 

CC12 9 14 28 22 2.86 0.99 71.58 34.62 13 54 

CC14 3 21 33 16 2.85 0.811 71.23 28.46 14 55 

CC13 5 21 29 18 2.82 0.887 70.55 31.45 15 56 

CC15 15 15 16 27 2.75 1.164 68.84 42.33 16 57 

CC17 9 25 27 12 2.58 0.912 64.38 35.35 17 61 
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7.4.3 Causes Due to Contractors  

Using the severity index equation as well as the mean score, it was possible to rank the factors 

associated with variations from the contractor’s perspective. Table 7-7 shows the ranking of 

17 variation causes originated by the contractor. All of these factors scored mean values 

above the neutral point of 3.0, except for two factors, which means that more than 88% of this 

group’s factors were consider to have a medium or close to high impact on project cost by 

questionnaire participants.  

The highest ranked factor was CNC2: Misunderstanding of tender documents and poor cost 

estimation for the table of quantities during bidding stage, with a severity index of 89.38 and a 

mean score of 3.58. The second highest factor was CNC3: Work suspensions due to conflicts, 

with an index score of 89.04 and a mean score of 3.56. Table 7-7 also indicates that the third 

highest severity index score was CNC1: Inadequate site investigation, with a score of 88.36 

and a mean score of 3.53, while the fourth highest factor was CNC11: Fraudulent practices, 

kickbacks and corruption, with a score of 88.36 and a mean score of 3.53. Factor CNC5: 

Contractor’s extreme desire to maximise profitability, was found to be the fifth highest factor 

with a score of 86.99 and a mean score of 3.48. 

However, the lowest ranked factor within the contractor group was CNC17: Difficulties in 

obtaining accreditation by contractor, with a severity index of 64.38 and a mean score of 2.58. 

The second lowest factor was CNC16: Poor relationship between manager and labourers, with 

an index score of 71.92 and a mean score of 2.88. Table 7-7 also indicates that the third 

lowest severity index score was CNC9: Neglecting risk management procedure, with a score 

of 76.37 and a mean score of 3.05, while the fourth lowest factor was CNC15: Fast-tracking 

of construction processes, with a score of 77.4 and a mean score of 3.1. Factor CNC12: High 

machinery maintenance costs, was found to be the fifth lowest factor with a score of 78.42 

and a mean score of 3.14. 
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Table 7-7: Ranking Contractor-related variation causes that influence project cost  

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

C
o
n

tr
a
ct

o
r-

r
el

a
te

d
 c

a
u

se
s 

CNC2 2 5 15 51 3.58 0.744 89.38 20.78 1 4 

CNC3 2 2 22 47 3.56 0.687 89.04 19.30 2 6 

CNC1 1 5 21 46 3.53 0.689 88.36 19.52 3 7 

CNC11 4 4 14 51 3.53 0.835 88.36 23.65 4 8 

CNC5 3 8 13 49 3.48 0.852 86.99 24.48 5 9 

CNC10 4 5 20 44 3.42 0.848 85.62 24.80 6 12 

CNC6 3 7 23 40 3.37 0.825 84.25 24.48 7 15 

CNC7 2 11 19 41 3.36 0.839 83.90 24.97 8 17 

CNC4 2 10 24 37 3.32 0.814 82.88 24.52 9 22 

CNC8 5 8 27 33 3.21 0.897 80.14 27.94 10 27 

CNC14 4 14 18 37 3.21 0.942 80.14 29.35 11 28 

CNC13 4 13 21 35 3.19 0.923 79.79 28.93 12 33 

CNC12 3 12 30 28 3.14 0.839 78.42 26.72 13 39 

CNC15 4 17 20 32 3.1 0.945 77.40 30.48 14 41 

CNC9 6 12 27 28 3.05 0.941 76.37 30.85 15 44 

CNC16 7 18 25 23 2.88 0.971 71.92 33.72 16 53 

CNC17 10 25 24 14 2.58 0.956 64.38 37.05 17 62 
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7.4.4 Causes Due to External Events  

Based on the information in Table 7-8, which shows the ranking of variation causes with 

respect to cost according to the external-related category, the highest score for the severity 

index calculation was factor EC4: Unexpected ground conditions, with a score of 84.25 and a 

mean score of 3.37. This implies that respondents were of the view that unexpected ground 

conditions caused high costs and variation from the external factors’ perspective. The second 

highest ranked factor was EC6: Fluctuation in prices of raw materials, at 83.56 and a mean 

score of 3.34, while the third highest score was EC7: Inadequate production of raw material in 

the country, at 82.88 and a mean score of 3.32. Low production of building materials coupled 

with price fluctuations had a severe impact on cost variations. Other factors included EC1: 

Natural disasters, at 80.14 and a mean score of 3.21, followed by EC5: Inflation, at 80.14 and 

a mean score of 3.21, and EC10: Unforeseen problems, at 77.05 and a mean score of 3.08.  

However, the lowest ranked factor was EC12: Pressure from Rights organisations, with a 

mean of 2.33 and a severity index score of 1.001. The second lowest factor was EC2: Socio-

cultural factors; the third lowest factor was EC8: Adverse effect of weather, and the fourth 

lowest factor was EC11: Environmental considerations. However, the fifth issue was EC9: 

Change in government regulations, and the sixth factor was EC3: Political issues. 

As can be seen in Table 7-8, the two lowest ranked factors of this group were considered to be 

the lowest ranked group factors overall, scoring 64 and 63 for factors EC12 and EC2 

respectively.   
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Table 7-8: Ranking External-related variation causes that influence project cost 

Cat. Code Impacts rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

E
x
te

rn
a
l-

re
la

te
d

 c
a
u

se
s 

EC4 3 7 23 40 3.37 0.825 84.25 24.48 1 16 

EC6 2 10 22 39 3.34 0.82 83.56 24.55 2 19 

EC7 4 7 24 38 3.32 0.864 82.88 26.02 3 23 

EC1 3 18 13 39 3.21 0.957 80.14 29.81 4 29 

EC5 3 11 27 32 3.21 0.849 80.14 26.45 5 30 

EC10 2 17 27 27 3.08 0.846 77.05 27.47 6 42 

EC3 6 17 21 29 3 0.986 75.00 32.87 7 47 

EC9 7 18 22 26 2.92 0.997 72.95 34.14 8 52 

EC11 3 23 36 11 2.75 0.76 68.84 27.64 9 58 

EC8 5 25 30 13 2.7 0.845 67.47 31.30 10 59 

EC2 12 27 21 13 2.48 0.973 61.99 39.23 11 63 

EC12 16 29 16 12 2.33 1.001 58.22 42.96 12 64 
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7.4.5 Summary and Overall Ranking of Influence on Cost Variation 

The previous sections (7.3.1-7.3.4) summarised the findings of variation causes’ impact on 

the project cost by the four different groups: owners, consultants, contractors and external 

factors. It was essential to define the overall highest and the lowest ranked factors among 

these four group factors, as shown in Table 7.9. Therefore, the overall top ranked factors 

should be investigated in depth, rather than those factors with a low impact ranking.    

It was found that the highest ranking factor overall was CC1: Errors and omission in design, 

which related to the Consultant group with a mean score of 3.66 and severity index of 91.44. 

The second highest ranking factor overall was CC4: Inaccurate estimation of implementation 

cost, at a severity index of 90.75 and a mean score of 3.63, while the third highest score was 

OC12: Managerial corruption, at 89.38 and a mean score of 3.58. Table 7-7 also indicates that 

the fourth highest severity index score was CNC2: Misunderstanding of tender documents and 

poor cost estimation for the table of quantities during bidding stage, with a severity index 

score of 89.38 and a mean score of 3.58, while the fifth highest factor was OC1: Inadequate 

planning led to change in project purpose and scope, with a severity index score of 89.04 and 

a mean score of 3.56. Factor CNC3: Work suspensions due to conflicts was found to be the 

sixth highest factor with a severity index score of 89.04 and a mean score of 3.56. 

In contrast, the factor with the lowest overall ranking was EC12: Pressure from Rights 

organisations, with a severity index score of 85.22 and a mean score of 2.33; the second 

lowest ranked score was EC2: Socio-cultural factors, with a severity index score of 61.99 and 

a mean score of 2.48; the third lowest raked factor was CNC17: Difficulties in obtaining 

accreditation by contractor, with a severity index score of 64.38 and a mean score of 2.58; 

while the fourth lowest ranked score was CC17: Changes in some of the project ideas during 

design phase, with a severity index score of 64.38 and a mean score of 2.58.  
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Table 7-9: Summary of ranking of variation causes with respect to Cost based on professional roles  

Factor 

Code 

Impact rating frequency Mean Std. 

Deviatio

n 

Severit

y Index 

Coff. Of 

Variatio

n 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

CC1 2 4 11 56 3.66 0.711 91.44 19.43 1 1 

CC4 3 4 10 56 3.63 0.773 90.75 21.29 2 2 

OC12 5 5 6 57 3.58 0.896 89.38 25.03 1 3 

CNC2 2 5 15 51 3.58 0.744 89.38 20.78 1 4 

OC1 1 7 15 50 3.56 0.726 89.04 20.39 2 5 

CNC3 2 2 22 47 3.56 0.687 89.04 19.30 2 6 

CNC1 1 5 21 46 3.53 0.689 88.36 19.52 3 7 

CNC11 4 4 14 51 3.53 0.835 88.36 23.65 4 8 

CNC5 3 8 13 49 3.48 0.852 86.99 24.48 5 9 

OC7 1 4 30 38 3.44 0.666 85.96 19.36 3 10 

CC2 3 8 17 45 3.42 0.848 85.62 24.80 3 11 

CNC10 4 5 20 44 3.42 0.848 85.62 24.80 6 12 

CC8 4 8 18 43 3.37 0.89 84.25 26.41 4 13 

CC10 2 8 24 39 3.37 0.791 84.25 23.47 5 14 

CNC6 3 7 23 40 3.37 0.825 84.25 24.48 7 15 

EC4 3 7 23 40 3.37 0.825 84.25 24.48 1 16 

CNC7 2 11 19 41 3.36 0.839 83.90 24.97 8 17 
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CC11 5 10 13 45 3.34 0.961 83.56 28.77 6 18 

EC6 2 10 22 39 3.34 0.82 83.56 24.55 2 19 

OC10 2 9 26 36 3.32 0.797 82.88 24.01 4 20 

CC9 3 6 29 35 3.32 0.797 82.88 24.01 7 21 

CNC4 2 10 24 37 3.32 0.814 82.88 24.52 9 22 

EC7 4 7 24 38 3.32 0.864 82.88 26.02 3 23 

OC14 6 10 16 41 3.26 0.986 81.51 30.25 5 24 

OC5 5 9 24 35 3.22 0.917 80.48 28.48 6 25 

CC3 5 10 23 35 3.21 0.927 80.14 28.88 8 26 

CNC8 5 8 27 33 3.21 0.897 80.14 27.94 10 27 

CNC14 4 14 18 37 3.21 0.942 80.14 29.35 11 28 

EC1 3 18 13 39 3.21 0.957 80.14 29.81 4 29 

EC5 3 11 27 32 3.21 0.849 80.14 26.45 5 30 

OC16 4 13 21 35 3.19 0.923 79.79 28.93 7 31 

CC6 3 14 22 34 3.19 0.892 79.79 27.96 9 32 

CNC13 4 13 21 35 3.19 0.923 79.79 28.93 12 33 

OC2 2 10 34 27 3.18 0.77 79.45 24.21 8 34 

OC3 1 13 32 27 3.16 0.764 79.11 24.18 9 35 

CC7 2 17 21 33 3.16 0.882 79.11 27.91 10 36 

OC6 3 15 23 32 3.15 0.892 78.77 28.32 10 37 

OC15 6 9 26 32 3.15 0.938 78.77 29.78 11 38 
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CNC12 3 12 30 28 3.14 0.839 78.42 26.72 13 39 

OC9 8 10 21 34 3.11 1.021 77.74 32.83 12 40 

CNC15 4 17 20 32 3.1 0.945 77.40 30.48 14 41 

EC10 2 17 27 27 3.08 0.846 77.05 27.47 6 42 

OC13 5 15 23 30 3.07 0.948 76.71 30.88 13 43 

CNC9 6 12 27 28 3.05 0.941 76.37 30.85 15 44 

OC8 5 16 23 29 3.04 0.949 76.03 31.22 14 45 

CC16 3 22 20 28 3 0.928 75.00 30.93 11 46 

EC3 6 17 21 29 3 0.986 75.00 32.87 7 47 

OC11 4 20 23 26 2.97 0.928 74.32 31.25 15 48 

OC4 4 17 31 21 2.95 0.864 73.63 29.29 16 49 

OC17 7 17 22 27 2.95 0.998 73.63 33.83 17 50 

CC5 6 15 29 23 2.95 0.926 73.63 31.39 12 51 

EC9 7 18 22 26 2.92 0.997 72.95 34.14 8 52 

CNC16 7 18 25 23 2.88 0.971 71.92 33.72 16 53 

CC12 9 14 28 22 2.86 0.99 71.58 34.62 13 54 

CC14 3 21 33 16 2.85 0.811 71.23 28.46 14 55 

CC13 5 21 29 18 2.82 0.887 70.55 31.45 15 56 

CC15 15 15 16 27 2.75 1.164 68.84 42.33 16 57 

EC11 3 23 36 11 2.75 0.76 68.84 27.64 9 58 

EC8 5 25 30 13 2.7 0.845 67.47 31.30 10 59 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

127 

OC18 15 16 23 19 2.63 1.087 65.75 41.33 18 60 

CC17 9 25 27 12 2.58 0.912 64.38 35.35 17 61 

CNC17 10 25 24 14 2.58 0.956 64.38 37.05 17 62 

EC2 12 27 21 13 2.48 0.973 61.99 39.23 11 63 

EC12 16 29 16 12 2.33 1.001 58.22 42.96 12 64 
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 Analysing and Ranking the Variation Causes Influencing Project Time in 7.5

the KSA 

 

7.5.1 Causes Due to Owner  

Table 7-10 provides a summary of information relating to the ranking of variation causes with 

respect to time according to owner-induced factors. As shown in the table, the average 

weighted mean in this group ranges from 2.51 (the lowest weighted mean) to 3.74 (the highest 

weighted mean), which are higher than the neutral point (3.00). The severity indices are 

between 62.67% and 93.49%, which indicates their level of importance, and the standard 

deviation range is within 0.578 to 1.121. 

In terms of severity index, the highest ranked factor was OC1: Inadequate planning led to 

change in project purpose and scope, at 93.49 and a mean score of 3.74 – which is close to the 

maximum of 4 from the Likert scale. The second most important factor in this group was 

OC10: Obstacles in project site have not been solved before starting the project at 89.38 

severity index and a mean score of 3.58. The third highest score was OC8: Mode of financing 

and payment for completed work at 88.01 and a mean score of 3.52. Table 7-10 also shows 

that OC3: Bureaucracy in prompt decision-making process was fourth, with a high score at 

86.64 and a mean score of 3.47, while OC2: Change of implementing schedule by owner with 

mean score of 3.44 and severity index of 85.96 was the fifth. OC7: Additional works added 

by owner, with a severity score of 85.96 and a mean score of 3.44, was sixth. The aggregate 

of these factors demonstrates that the owners have mapped causes for variations from the 

aspect of time and are of the view that inadequate planning, site obstacles, finance and 

payment, bureaucracy and scope change are responsible.  

In contrast, the three lowest ranked factors in this group were, first, OC18: Restrictions 

against foreign companies, which was the lowest ranked factor with an overall rank of 62, 

mean score of 2.51 and a standard deviation of 1.029. This implies that government policy on 

foreign companies requires project owners to undertake many tasks that result in delays. The 

second highest ranked factor is OC9: Shortening in project period – which has the opposite 

effect to its intention. The third lowest ranked factor is OC17: Absence of continuous 

supervision from top management’, while the fourth lowest ranked factor is OC14: Political 

pressure to speed up construction processes. The severity indices varied between 62.67% and 

70.89% and the mean range between 2.51 and 2.84, which indicates their limited level of 
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importance as they were all below the neutral point of 3. This shows that their impact on time 

variation is low. 
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Table 7-10: Ranking Owner-related variation causes that influence project time  

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

O
w

n
er

-r
el

a
te

d
 c

a
u

se
s 

OC1 1 2 12 58 3.74 .578 93.49 15.46 1 1 

OC10 0 8 15 50 3.58 .686 89.38 19.17 2 8 

OC8 3 6 14 50 3.52 .818 88.01 23.25 3 11 

OC3 3 6 18 46 3.47 .818 86.64 23.60 4 14 

OC2 0 6 29 38 3.44 .645 85.96 18.76 5 16 

OC7 2 6 23 42 3.44 .764 85.96 22.21 6 17 

OC16 1 13 18 41 3.36 .823 83.90 24.52 7 23 

OC5 4 5 27 37 3.33 .834 83.22 25.06 8 26 

OC6 2 10 24 37 3.32 .814 82.88 24.57 9 28 

OC12 7 8 13 45 3.32 1.012 82.88 30.53 10 29 

OC4 2 11 26 34 3.26 .817 81.51 25.06 11 32 

OC13 5 9 23 36 3.23 .921 80.82 28.48 12 36 

OC15 5 8 27 33 3.21 .897 80.14 27.98 13 38 

OC11 5 9 23 36 3.19 .908 80.82 28.44 14 39 

OC14 13 13 20 27 2.84 1.118 70.89 39.43 15 49 

OC17 8 17 27 21 2.84 .972 70.89 34.28 16 51 

OC9 15 17 19 22 2.66 1.121 66.44 42.17 17 58 

OC18 15 20 24 14 2.51 1.029 62.67 41.05 18 62 
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7.5.2 Causes Due to Consultant   

Table 7-11 ranks variation causes with respect to time according to consultant-related factors. 

The mean of the Likert scale varies between 3.73 for the highest score and 2.55 for the lowest 

score, and the severity index scores were found to be between 93.15 and 63.70. The table also 

shows that there are 13 causes of variation with mean scores above the neutral point of 3, 

which reflects the important impact of this group of factors on the project time variation as 

they contain more than 50% of the factors in this group.  

Starting with the highest severity index rank, factor CC1: Errors and omission in design 

scored 93.15 and had a mean score of 3.73; the other highest scored factor was CC2: Lack of 

coordination among project parties, which scored 93.15 on the severity index and had a mean 

score of 3.73. Therefore, respondents felt that, from the consultant perspective, lack of 

coordination and errors and omissions were the highest causers of variations. The second 

highest score was CC9: Consultant’s lack of experience and specialist” at 85.27% of the S.I 

and a mean score of 3.41; while the third highest severity index score was 84.93 for CC10: 

Complexity in design, with a mean score of 3.40 for the Likert scale. The fourth highest factor 

was CC6: Conflict between design consultants and implementation consultants, at 84.59 and a 

mean score of 3.38. 

The lowest ranking factor for this group is CC17: Changes in some of the project ideas during 

design phase at 61 overall rank with a mean of 2.55. The standard deviation is 0.883. This 

indicates that all the scores from the questions were ranked that low because the standard 

deviation was very low. The second lowest ranked factor is CC15: Applying value 

engineering, while the third ranked factor is CC14: Safety consideration. These three factors 

relate to the design actions that the design team undertakes as early as possible in the project 

life cycle, depending on the procurement method that has been approved. The second tier of 

the ranking for variations induced by consultant actions included the fourth lowest ranked 

factor of CC12: Lack of previous similar projects' data. The mean scores of these four factors 

are below the neutral point of 3, which indicates that these factors have less impact on the 

variation of project time. 
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Table 7-11: Ranking Consultant-related variation causes that influence project time 

Cat. Code Impact Rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

C
o
n

su
lt

a
n

t-
re

la
te

d
 c

a
u

se
s 

CC1 1 4 9 59 3.73 .629 93.15 16.89 1 2 

CC2 1 3 11 58 3.73 .607 93.15 16.29 2 3 

CC9 3 5 24 41 3.41 .796 85.27 23.35 3 18 

CC10 2 9 20 42 3.40 .812 84.93 23.90 4 20 

CC6 1 10 22 40 3.38 .775 84.59 22.91 5 21 

CC7 2 9 22 40 3.37 .808 84.25 23.98 6 22 

CC8 2 12 18 41 3.34 .853 83.56 25.53 7 25 

CC11 4 7 24 38 3.32 .864 82.88 26.06 8 30 

CC3 3 11 24 35 3.25 .863 81.16 26.57 9 35 

CC4 5 9 23 36 3.23 .921 80.82 28.48 10 37 

CC13 1 13 32 27 3.16 .764 79.11 24.14 11 40 

CC16 2 18 23 30 3.11 .875 77.74 28.14 12 43 

CC5 4 17 26 26 3.01 .905 75.34 30.03 13 45 

CC12 6 12 35 20 2.95 .880 73.63 29.89 14 48 

CC14 5 19 32 17 2.84 .866 70.89 30.55 15 50 

CC15 9 21 27 16 2.68 .956 67.12 35.59 16 56 

CC17 9 25 29 10 2.55 .883 63.70 34.64 17 61 
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7.5.3 Causes Due to Contractor   

Under table 7-12 there is information abstracting the ranking of 17 causes of variations related 

to contractor factors influencing project time. The idea of these factors was to assess the 

perception of respondents on the extent to which the contractors impact schedule variations. 

The average weighted mean for these factors varies from 3.71 to 2.42. There are 12 factors of 

this group are scored higher than the neutral point (3.00) which exceeds more than 70% of the 

total factor numbers in this group. Therefore, this indicates importance in terms of the impact 

on the project scheduled time. The severity indices range is within 60.62% to 92.81%.  

Using the severity index score, the highest ranked factor was CNC3, “Work suspensions due 

to conflicts”, at 92.81 and a mean score of 3.71. The second highest factor was CNC4, “Lack 

of coordination between general contractors and subcontractors” at 91.78, with a mean score 

of 3.67 while the third highest factor was CNC8, “Contractor's commitment to several 

projects at the same time with limited resources and potentials” at 91.44 and a mean score of 

3.66. The fourth highest score on Table 7-12 is CNC9, “Contractor’s financial difficulties” at 

90.07 and a mean score of 3.60. It has been noticed that the first four factors scored very high 

in their mean score of 90s which meant that they were considered as extremely cardinal to the 

process of triggering variations with respect of time as far as contractors are concerned. The 

second tier of ranking from the severity index included: CNC1, “Inadequate site 

investigation” at 89.38 with a mean score of 3.58; CNC7 “Shortage of skilled manpower and 

efficient equipment” 89.38, and a mean score of 3.58; and CNC2, “Misunderstanding of 

tender documents and poor cost estimation for the table of quantities during bidding stage” 

88.01 and a mean score of 3.52.  

On the other hand, the lowest severity index score ranked factor was CNC13, “high interest 

rates charged by bankers on loans received by contractors”, at 60.62 and a mean score of 2.42. 

The second highest factor was CNC15, “Fast-tracking of construction processes” at 64.04, 

with a mean score of 2.56 while the third highest factor was CNC17, “difficulties in obtaining 

accreditation by contractor” at 64.73 and a mean score of 2.59. The fourth highest score on 

Table 7-12 is CNC12, “high machinery maintenance costs” at 68.15 and a mean score of 2.73. 

Factor CNC14, “stealing and waste on site” scored at 73.97 with a mean score of 2.96. All 

mean scores of these factors are less than the natural point (3.0), which reflects their less 

important impact on the variation of project schedule. 
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Table 7-12: Ranking Contractor-related variation causes that influence project time 

Cat. Code Impact rating 

frequency 

Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 

1 2 3 4 

C
o
n

tr
a
ct

o
r-

r
el

a
te

d
 c

a
u

se
s 

CNC3 1 3 12 57 3.71 .612 92.81 16.48 1 4 

CNC4 1 3 15 54 3.67 .625 91.78 17.02 2 5 

CNC8 0 5 15 53 3.66 .606 91.44 16.57 3 6 

CNC9 2 4 15 52 3.60 .721 90.07 20.03 4 7 

CNC1 1 5 18 49 3.58 .686 89.38 19.17 5 9 

CNC7 1 6 16 50 3.58 .705 89.38 19.73 6 10 

CNC2 1 4 24 44 3.52 .669 88.01 19.00 7 12 

CNC6 1 10 22 40 3.49 .710 84.59 20.31 8 13 

CNC10 1 7 22 43 3.47 .728 86.64 21.01 9 15 

CNC11 3 9 23 38 3.32 .848 82.88 25.57 10 27 

CNC16 1 12 28 32 3.25 .778 81.16 23.96 11 33 

CNC5 5 12 25 31 3.12 .927 78.08 29.68 12 42 

CNC14 6 19 20 28 2.96 .992 73.97 33.53 13 47 

CNC12 5 26 26 16 2.73 .886 68.15 32.50 14 55 

CNC17 12 23 21 17 2.59 1.025 64.73 39.60 15 59 

CNC15 12 26 17 18 2.56 1.041 64.04 40.62 16 60 

CNC13 13 27 22 11 2.42 .956 60.62 39.44 17 64 
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7.5.4 Causes Due to External Events   

Table 7-13 summarises the ranking for the group of external factors that cause variation to 

project schedule time. These are factors that cannot be associated with a particular issue; 

rather, they affect the industry at large. The table shows 12 factors for this group with scores 

of means from 2.48 to 3.41 and severity indexes between 61.99% and 85.27%. It can be seen 

from the table that seven factors out of the 12 scored a mean score above the neutral point of 

3.0, which means that more than 50% of the total factors in this group were considered to 

impact the project schedule.   

Ranking results in Table 7-13 based on the severity index scores, the highest ranked factor 

was EC1: Unexpected ground conditions, at 85.27 and a mean score of 3.41; the second 

highest was EC4: Natural disasters”, at 83.90 and a mean score of 3.36, while the third 

highest ranked factor was EC7: Inadequate production of raw material in the country, at 82.19 

and a mean score of 3.29. The fourth highest ranked factor was EC10: Unforeseen problems, 

at 81.16 and a mean score of 3.25, while the fifth highest ranked severity index factor was 

EC8: Adverse effect of weather, at 78.42 and a mean score of 3.14.  

From the lowest ranking perspective, the lowest ranked factor was EC12: Pressure from 

Rights organisations, with an overall rank of 61.99, mean score of 2.48 and a standard 

deviation of 1.069. The second lowest factor was EC2: Socio-cultural factors’, while the third 

lowest factor was EC11: Environmental considerations. The fourth lowest ranked factor was 

EC5: Inflation, while the fifth lowest ranked factor was EC6: Fluctuation in prices of raw 

materials. These lowest ranked factors each scored a mean less than the neutral point of 3.0, 

which means that they have a low impact on the project time.  
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Table 7-13: Ranking External-related variation causes that influence project time 

Cat. Code 

Impact rating 

frequency 

Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 

1 2 3 4 

E
x
te

rn
a
l-

re
la

te
d

 c
a
u

se
s 

EC4 3 6 22 42 3.41 .814 85.27 23.86 1 19 

EC1 2 11 19 41 3.36 .839 83.90 25.01 2 24 

EC7 3 8 27 35 3.29 .825 82.19 25.08 3 31 

EC10 3 12 22 36 3.25 .878 81.16 27.06 4 34 

EC8 2 16 25 30 3.14 .855 78.42 27.25 5 41 

EC3 6 13 22 32 3.10 .974 77.40 31.47 6 44 

EC9 6 17 20 30 3.01 .993 75.34 32.95 7 46 

EC6 5 23 27 18 2.79 .897 69.86 32.09 8 52 

EC5 4 28 22 19 2.77 .906 69.18 32.73 9 53 

EC11 6 21 32 14 2.74 .866 68.49 31.63 10 54 

EC2 10 18 31 14 2.67 .944 66.78 35.33 11 57 

EC12 16 22 19 16 2.48 1.069 61.99 43.10 12 63 
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7.5.5 Summary and Overall Group Ranking of Influence on Time Variation 

Table 7-14 summarises the factors from all categories of causes – owners, consultants, 

contractors and external factors – in order to see how the combination are seen as a whole.  

The table shows that the top three factors from the owner’s category with regard to variations 

of time or schedule are OC1: Inadequate planning led to change in project purpose and scope, 

OC10: Obstacles in project site have not been solved before starting the project and OC8: 

Mode of financing and payment for completed work. The lowest three factors from this group 

were OC18: Restrictions against foreign companies, OC9: Shortening in project period and 

OC17: Absence of continuous supervision from top management. These three factors all 

related to the policies of the country and the way the business responds to the policies in 

deciding the schedule, as well as the monitoring and control of the schedule by top 

management.  

Similarly, the top three factors from the consultants category were CC1: Errors and omission 

in design, CC2: Lack of coordination among project parties and CC9: Consultant’s lack of 

experience and specialist, while the lowest ranked factors were CC17: Changes in some of the 

project ideas during design phase, CC15: Applying value engineering and CC14: Safety 

consideration.  

The top three factors for the contractor group factors were CNC3: Work suspensions due to 

conflicts, CNC4: Lack of coordination between general contractors and subcontractors and 

CNC8: Contractor's commitment to several projects at the same time with limited resources 

and potentials. In contrast, the lowest ranked factors were CNC13: High interest rates charged 

by bankers on loans received by contractors, CNC15: Fast-tracking of construction processes 

and CNC17: Difficulties in obtaining accreditation by contractor.  

Furthermore, the top three factors from the external causes category were EC1: Unexpected 

ground conditions, EC4 Natural disasters and EC7 Inadequate production of raw material in 

the country, whereas factors EC12: Pressure from Rights organisations, EC2: Socio-cultural 

factors and EC10: Unforeseen problems’ were scored as having less impact on the project 

schedule.  

Another way of analysing the results is to look at the overall ranking amongst all the four 

groups, as displayed in Table 7-14. The factors with the most impact on the project schedule 

were OC1: Inadequate planning led to change in project purpose and scope from the owner 
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group; CC1: Errors and omission in design and CC2: Lack of coordination among project 

parties, both from the consultant group; CNC3: Misunderstanding of tender documents and 

poor cost estimation for the table of quantities during bidding stage and CNC4: Lack of 

coordination between general contractors and subcontractors, both from the contractor group. 

Likewise, Table 7-14 also shows the lowest overall ranking factors among the groups. These 

factors are CNC13: High interest rates charged by bankers on loans received by contractors, 

EC12: Pressure from Rights organisations, OC18: Restrictions against foreign companies, 

CC17: Changes in some of the project ideas during design phase and CNC15: Fast-tracking of 

construction processes. The participants considered that these factors had the lowest variation 

impact on project times.  
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Table 7-14: Summary of overall ranking of variation causes’ impact on project time based on professional roles  

Cat. Code Impact rating 

frequency 

Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 

1 2 3 4 

O
w

n
er

-r
el

a
te

d
 c

a
u

se
s 

OC1 1 2 12 58 3.74 .578 93.49 15.46 1 1 

OC2 0 6 29 38 3.44 .645 85.96 18.76 5 16 

OC3 3 6 18 46 3.47 .818 86.64 23.60 4 14 

OC4 2 11 26 34 3.26 .817 81.51 25.06 11 32 

OC5 4 5 27 37 3.33 .834 83.22 25.06 8 26 

OC6 2 10 24 37 3.32 .814 82.88 24.57 9 28 

OC7 2 6 23 42 3.44 .764 85.96 22.21 6 17 

OC8 3 6 14 50 3.52 .818 88.01 23.25 3 11 

OC9 15 17 19 22 2.66 1.121 66.44 42.17 2 58 

OC10 0 8 15 50 3.58 .686 89.38 19.17 7 8 

OC11 5 9 23 36 3.19 .908 80.82 28.44 10 39 

OC12 7 8 13 45 3.32 1.012 82.88 30.53 12 29 

OC13 5 9 23 36 3.23 .921 80.82 28.48 13 36 

OC14 13 13 20 27 2.84 1.118 70.89 39.43 14 49 

OC15 5 8 27 33 3.21 .897 80.14 27.98 15 38 

OC16 1 13 18 41 3.36 .823 83.90 24.52 16 23 

OC17 8 17 27 21 2.84 .972 70.89 34.28 17 51 

OC18 15 20 24 14 2.51 1.029 62.67 41.05 18 62 
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C
o
n

su
lt

a
n

t-
re

la
te

d
 c

a
u

se
s 

CC1 1 4 9 59 3.73 .629 93.15 16.89 1 2 

CC2 1 3 11 58 3.73 .607 93.15 16.29 1 3 

CC3 3 11 24 35 3.25 .863 81.16 26.57 9 35 

CC4 5 9 23 36 3.23 .921 80.82 28.48 10 37 

CC5 4 17 26 26 3.01 .905 75.34 30.03 13 45 

CC6 1 10 22 40 3.38 .775 84.59 22.91 5 21 

CC7 2 9 22 40 3.37 .808 84.25 23.98 6 22 

CC8 2 12 18 41 3.34 .853 83.56 25.53 7 25 

CC9 3 5 24 41 3.41 .796 85.27 23.35 3 18 

CC10 2 9 20 42 3.40 .812 84.93 23.90 4 20 

CC11 4 7 24 38 3.32 .864 82.88 26.06 8 30 

CC12 6 12 35 20 2.95 .880 73.63 29.89 11 48 

CC13 1 13 32 27 3.16 .764 79.11 24.14 12 40 

CC14 5 19 32 17 2.84 .866 70.89 30.55 14 50 

CC15 9 21 27 16 2.68 .956 67.12 35.59 15 56 

CC16 2 18 23 30 3.11 .875 77.74 28.14 16 43 

CC17 9 25 29 10 2.55 .883 63.70 34.64 17 61 

C
o
n

tr
a
ct

o
r-

r
el

a
te

d
 

ca
u

se
s 

CNC1 1 5 18 49 3.58 .686 89.38 19.17 5 9 

CNC2 1 4 24 44 3.52 .669 88.01 19.00 7 12 

CNC3 1 3 12 57 3.71 .612 92.81 16.48 1 4 

CNC4 1 3 15 54 3.67 .625 91.78 17.02 2 5 

CNC5 5 12 25 31 3.12 .927 78.08 29.68 12 42 

CNC6 1 10 22 40 3.49 .710 84.59 20.31 8 13 

CNC7 1 6 16 50 3.58 .705 89.38 19.73 6 10 
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CNC8 0 5 15 53 3.66 .606 91.44 16.57 3 6 

CNC9 2 4 15 52 3.60 .721 90.07 20.03 4 7 

CNC10 1 7 22 43 3.47 .728 86.64 21.01 9 15 

CNC11 3 9 23 38 3.32 .848 82.88 25.57 10 27 

CNC12 5 26 26 16 2.73 .886 68.15 32.50 11 55 

CNC13 13 27 22 11 2.42 .956 60.62 39.44 13 64 

CNC14 6 19 20 28 2.96 .992 73.97 33.53 14 47 

CNC15 12 26 17 18 2.56 1.041 64.04 40.62 15 60 

CNC16 1 12 28 32 3.25 .778 81.16 23.96 16 33 

CNC17 12 23 21 17 2.59 1.025 64.73 39.60 17 59 

E
x
te

rn
a
l-

re
la

te
d

 c
a
u

se
s 

EC1 2 11 19 41 3.36 .839 83.90 25.01 2 24 

EC2 10 18 31 14 2.67 .944 66.78 35.33 11 57 

EC3 6 13 22 32 3.10 .974 77.40 31.47 6 44 

EC4 3 6 22 42 3.41 .814 85.27 23.86 1 19 

EC5 4 28 22 19 2.77 .906 69.18 32.73 9 53 

EC6 5 23 27 18 2.79 .897 69.86 32.09 8 52 

EC7 3 8 27 35 3.29 .825 82.19 25.08 3 31 

EC8 2 16 25 30 3.14 .855 78.42 27.25 5 41 

EC9 6 17 20 30 3.01 .993 75.34 32.95 4 46 

EC10 3 12 22 36 3.25 .878 81.16 27.06 7 34 

EC11 6 21 32 14 2.74 .866 68.49 31.63 10 54 

EC12 16 22 19 16 2.48 1.069 61.99 43.10 12 63 
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 Analysing and Ranking the Variation Causes Influencing Project Quality 7.6

in the KSA 

 

7.6.1 Causes Due to Owner  

Even if the quality of the design can be specified achieving the specifications can be a 

challenge for many businesses in the construction industry; as a result, the legal framework 

would be there ensuring that what was specified is being achieved. Table 7-15 shows the 

ranking for causes of variation with respect to quality according to owner related category of 

factors. Using the severity index which varies between 55.48% to 91.44%, the highest ranked 

factor was OC6: Lowest bidding procurement method, at 91.44 and a mean score for the 

Likert scale of 3.66; the second highest ranked factor was OC12: Managerial corruption, at 

89.04 with a mean score of 3.56; and the third highest ranked factor was OC5: Inadequate 

experience of owner's staff, at 84.25 and a mean score of 3.37. Therefore, selecting the lowest 

bidder, coupled with corruption and lack of experience were considered as formidable factors 

that led to variances with the quality of the work.  

Other factors included, but not limited to OC16: Rigidity of Public works contract, at 83.90 

and a mean score of 3.36; OC14: Political pressure to speed up construction processes, at 

83.56 and a mean score of 3.34; and OC18: Restrictions against foreign companies, at 80.14 

and a mean score of 3.21. It was noticed that only seven factors out of the 18 factors in this 

group scored a mean above the neutral point of 3.0; this means that less than 50% of the 

factors could affect the project quality variation. In another way, the owner group presents 

less impact on the project quality.  

The response from the lowest ranking scores also shows that factor OC11: Long period 

between design and time of implementation’s start is the lowest ranked cause of variations in 

quality from the owners’ perspective; it had a score of 63 for severity index; a mean score of 

2.22, and a standard deviation of 1.003. The second lowest ranked factor is OC2: Change of 

implementing schedule by owner, while the third ranked factor is OC10: Obstacles in project 

site have not been solved before starting the project. 
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Table 7-15: Ranking Owner’s related variation causes that influence project quality.  

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

O
w

n
er

-r
el

a
te

d
 c

a
u

se
s 

OC6 1 5 12 55 3.66 0.671 91.44 18.33 1 1 

OC12 3 5 13 52 3.56 0.799 89.04 22.44 2 5 

OC5 4 9 16 44 3.37 0.905 84.25 26.85 3 11 

OC16 1 11 22 39 3.36 0.788 83.90 23.45 4 13 

OC14 4 11 14 44 3.34 0.931 83.56 27.87 5 14 

OC18 6 10 20 37 3.21 0.971 80.14 30.25 6 19 

OC9 6 9 26 32 3.15 0.938 78.77 29.78 7 22 

OC1 5 12 36 20 2.97 0.849 74.32 28.59 8 29 

OC8 7 20 19 27 2.9 1.016 72.60 35.03 9 31 

OC15 8 14 29 22 2.89 0.966 72.26 33.43 10 33 

OC17 11 14 28 20 2.78 1.017 69.52 36.58 11 37 

OC3 6 26 27 14 2.67 0.883 66.78 33.07 12 43 

OC4 8 26 22 17 2.66 0.961 66.44 36.13 13 45 

OC7 12 18 28 15 2.63 0.993 65.75 37.76 14 47 

OC13 10 24 23 16 2.62 0.981 65.41 37.44 15 48 

OC10 7 29 25 12 2.58 0.881 64.38 34.15 16 49 

OC2 6 31 28 8 2.52 0.801 63.01 31.79 17 56 

OC11 19 30 13 11 2.22 1.003 55.48 45.18 18 63 
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7.6.2 Causes Due to Consultant  

According to the survey results in Table 7-16, which summarises the ranking of factors 

causing variations with respect to quality according to consultant-related activities, the 

average severity index score ranges from 61.64% to 90.41%. Using the severity index ranking 

it was found that respondents felt that CC9: Consultant’s lack of experience and specialists 

was highly ranked at 90.41 and a mean score of 3.62; the second highest ranked factor was 

CC1: Errors and omission in design, which scored 85.27 and a mean score of 3.41; and the 

third highest ranked factor was CC8: Acceleration of design phase’s time, with a score of 

84.25 and a mean score for the Likert scale of 3.37. The other scores were for CC3: Lack of 

consultant's knowledge of available materials and equipment, with a score of 83.22 and a 

mean score of 3.33, and CC2: Lack of coordination among project parties, at 81.51 and a 

mean score of 3.26.  

Table 7-16 also shows that, if the smallest ranking column is used, the lowest ranked factor is 

CC14: Safety consideration, which had an overall group ranking of 17, a 2.47 mean score and 

a 0.959 standard deviation. The second lowest ranking was CC16: Restriction of local 

construction codes. The first two factors point to the actions of consultants as they react to 

design briefs or safety standards and the way they respond to local planning codes and 

building regulations. This shows that it can be anticipated that consultants can make mistakes 

when they are responding to the needs of the client. The second tier of lowest factors includes 

the third lowest ranked factor, CC15: Applying value engineering, and the fourth ranked 

factor, CC17: Changes in some of the project ideas during design phase. The second tier of 

the scores shows that as consultants strive to deal with the challenges of design they can apply 

value engineering; hence, at this stage they generate variations in quality of the overall work.  

Although some factors in this group had less of an impact, it can be seen from the average 

mean scores of other factors that more than 58% got a score above the neutral point of 3.0. 

This means that most factors in this group would impact the quality of the project.  
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Table 7-16: Ranking Consultant’s related variation causes that influence project quality.  

Cat. Code Impact- Rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

C
o
n

su
lt

a
n

t-
re

la
te

d
 c

a
u

se
s 

CC9 2 3 16 52 3.62 0.7 90.41 19.34 1 4 

CC1 1 10 20 42 3.41 0.779 85.27 22.84 2 10 

CC8 3 11 15 44 3.37 0.89 84.25 26.41 3 12 

CC3 2 13 17 41 3.33 0.867 83.22 26.04 4 15 

CC2 3 12 21 37 3.26 0.882 81.51 27.06 5 18 

CC7 4 14 18 37 3.21 0.942 80.14 29.35 6 20 

CC13 2 17 26 28 3.1 0.853 77.40 27.52 7 25 

CC6 4 14 27 28 3.08 0.894 77.05 29.03 8 26 

CC10 6 12 27 28 3.05 0.941 76.37 30.85 9 27 

CC4 7 13 26 27 3 0.972 75.00 32.40 10 28 

CC11 9 16 21 27 2.9 1.043 72.60 35.97 11 32 

CC5 9 22 25 17 2.68 0.97 67.12 36.19 12 42 

CC12 10 20 29 14 2.64 0.948 66.10 35.91 13 46 

CC17 12 22 26 13 2.55 0.972 63.70 38.12 14 50 

CC15 17 19 18 19 2.53 1.119 63.36 44.23 15 53 

CC16 12 26 19 16 2.53 1.015 63.36 40.12 16 54 

CC14 13 24 25 11 2.47 0.959 61.64 38.83 17 57 
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7.6.3 Causes Due to Contractor  

Table 7-17 summarises information relating to the ranking of the causes of variations with 

respect to quality according to the contractor-related category of factors. Eleven factors out of 

the 17 in this group got a mean score exceeding the neutral point of the mean, which is 3.0. In 

descending order, the highest ranked factor was CNC6: Lack of specialised construction 

manager, with a score of 91.10 and a mean score of 3.64; the second highest score was CNC7: 

Shortage of skilled manpower and efficient equipment, with a score of 90.75 and a mean 

score of 3.63. Factor CNC11: Fraudulent practices, kickbacks and corruption was ranked third 

with a severity index score of 88.36 and a mean score for the Likert scale of 3.53; CNC5: 

Contractor’s extreme desire to maximise profitability was ranked fourth with a severity index 

score of 88.36 and a mean score of 3.53; and CNC4: Lack of coordination between general 

contractors and subcontractors was ranked the fifth highest factor at 87.33 and a mean score 

of 3.49.  

From the six factors in the bottom ranking, the lowest ranked one was CNC17: Difficulties in 

obtaining accreditation by contractor. It scored a group ranking factor of 17, mean score of 

2.42 and standard deviation of 1.053. The second lowest ranked factor was CNC13: High 

interest rates charged by bankers on loans received by contractors, and the third lowest ranked 

factor was CNC12: High machinery maintenance costs”. 

 

7.6.4 Causes Due to External Events  

Table 7-18 summarises information for ranking of causes of variation with respect to quality 

according to the external-related category of factors. Similar to other sections, Table 7-18 uses 

the severity index score to rank the factors in descending order; hence, the highest ranked 

factor was EC10: Unforeseen problems, at 71.23 and a mean score of 2.85. The second 

highest ranked factor was EC4: Unexpected ground conditions, with a 70.21 and a mean score 

of 2.81. The third highest ranked factor was EC7: Inadequate production of raw material in 

the country, at 69.18 and a mean score of 2.77. The other two factors were EC8: Adverse 

effect of weather, scoring 68.15 and a mean score of 2.73, while factor EC1: Natural disasters 

had a score of 67.81 and a mean score of 2.71. The mean score of these factors is less than the 

neutral point of 3; hence, the ranking is weak. Therefore, they are perceived to have a weak 

impact even though they can trigger variations.  
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The lowest recorded factor was EC12: Environmental considerations, with an overall group 

score of 12, a mean score of 1.95 and a standard deviation of 0.97. The second lowest ranked 

factor was EC2: Socio-cultural factors, while the third lowest factor was EC11: Pressure from 

Rights organisations. These factors indicate the presence of controversial issues trending 

within the Saudi construction industry; hence, they have less potential to create variations as 

far as quality is concerned. 

As far as the highest scored means of this group’s factors were considered to be below the 

neutral mean of 3.0 by respondent’s view; therefore, this group of factors have the least 

impact amongst the four groups. 
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Table 7-17: Ranking Contractor-related variation causes that influence project quality  

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

C
o
n

tr
a
ct

o
r-

r
el

a
te

d
 c

a
u

se
s 

CNC6 1 3 17 52 3.64 0.632 91.10 17.36 1 2 

CNC7 2 5 11 55 3.63 0.736 90.75 20.28 2 3 

CNC5 3 5 15 50 3.53 0.801 88.36 22.69 3 6 

CNC11 5 2 15 51 3.53 0.851 88.36 24.11 4 7 

CNC4 3 4 20 46 3.49 0.784 87.33 22.46 5 8 

CNC8 4 7 15 47 3.44 0.882 85.96 25.64 6 9 

CNC16 4 9 20 40 3.32 0.896 82.88 26.99 7 16 

CNC9 6 7 20 40 3.29 0.95 82.19 28.88 8 17 

CNC2 6 9 23 35 3.19 0.952 79.79 29.84 9 21 

CNC10 6 12 20 35 3.15 0.981 78.77 31.14 10 23 

CNC15 4 13 25 31 3.14 0.902 78.42 28.73 11 24 

CNC1 12 12 18 31 2.93 1.122 73.29 38.29 12 30 

CNC3 9 17 22 25 2.86 1.032 71.58 36.08 13 34 

CNC14 7 22 24 20 2.78 0.961 69.52 34.57 14 38 

CNC12 11 26 21 15 2.55 0.987 63.70 38.71 15 51 

CNC13 11 30 20 12 2.45 0.943 61.30 38.49 16 60 

CNC17 16 25 17 15 2.42 1.053 60.62 43.51 17 62 
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Table 7-18: Ranking External-related variation causes that influence project quality  

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

E
x
te

rn
a
l-

re
la

te
d

 c
a
u

se
s 

EC10 9 13 31 20 2.85 0.967 71.23 33.93 1 35 

EC4 12 14 23 24 2.81 1.076 70.21 38.29 2 36 

EC7 9 17 29 18 2.77 0.965 69.18 34.84 3 39 

EC8 9 19 28 17 2.73 0.961 68.15 35.20 4 40 

EC1 11 22 17 23 2.71 1.073 67.81 39.59 5 41 

EC6 10 18 31 14 2.67 0.944 66.78 35.36 6 44 

EC5 9 28 23 13 2.55 0.929 63.70 36.43 7 52 

EC3 17 16 24 16 2.53 1.081 63.36 42.73 8 55 

EC9 17 19 23 14 2.47 1.055 61.64 42.71 9 58 

EC11 13 24 25 11 2.47 0.959 61.64 38.83 10 59 

EC2 15 23 22 13 2.45 1.014 61.30 41.39 11 61 

EC12 29 26 11 7 1.95 0.97 48.63 49.74 12 64 
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7.6.5 Summary and Overall Group Ranking of Influence on Quality Variation 

The summary results and the rankings are presented in Table 7-19. In this section, the most 

important factors are extracted based on the group ranking and the overall ranking that 

impacting project quality according to their original group. Table 7-19 also introduces 64 

variation causes which are considered as having the most influence on quality in the project 

life cycle, based on ranking techniques used in this study. There are seven variation causes 

relating to owner issues that are deemed to be the most important, and this is less than 50% of 

the total factors in this aspect. In addition, there are 10 variation causes out of 17 relating to 

consultant issues that are deemed to be the most important, and this is more than half of the 

factors in this aspect. Furthermore, there are 11 variation causes out of 17 relating to 

contractor issues and no variation causes relating to external issues that are deemed to be 

important. In this research, the severity index was considered as the best tool for ranking 

because of its ability to use the average weighted mean, standard variation and distribution of 

data, which makes it more reliable for ranking variation causes. From the statistical average 

weighted mean of each factor, it can be stated that the highest mean values are more than 3.00 

(above the neutral point), which indicates that the majority of the selected variation causes 

could be considered as having an influence on quality variation in the project life cycle. 

As can be seen from Table 7-19, the top 10 factors of the overall group ranking that impact 

quality variations were ranked according to their level of importance, from most important to 

least important, as follows. The highest factor was OC6: Lowest bidding procurement method 

from the owner group; the second and third highest factors were CNC6: Lack of specialised 

construction manager and CNC7: Shortage of skilled manpower and efficient equipment, both 

from the contractor group; the fourth factor was CC9: Consultant’s lack of experience and 

specialists from the consultant group; and the fifth was OC12: Managerial corruption from the 

owner group. The sixth, seventh and eighth factors were CNC: Contractor’s extreme desire to 

maximise profitability, CNC11: Fraudulent practices, kickbacks and corruption and CNC4: 

Lack of coordination between general contractors and subcontractors, all from the contractor 

group; the ninth was CNC8: Contractor's commitment to several projects at the same time 

with limited resources and potentials from the contractor group, and finally the tenth highest 

factor was CC1: Errors and omission in design from the consultant group. 

It seems that six factors out of the 10 highest factors impacting the quality variation originate 

in the contractor group. More discussion about the implication of these results will be 

presented in Chapter 10 of this thesis.  
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Table 7-19: Summary of ranking of variation causes with respect to Quality based on professional roles  

Code Impact rating frequency Mean Std. 

Deviation 

Severity 

Index 

Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

OC6 1 5 12 55 3.66 0.671 91.44 18.33 1 1 

CNC6 1 3 17 52 3.64 0.632 91.10 17.36 1 2 

CNC7 2 5 11 55 3.63 0.736 90.75 20.28 2 3 

CC9 2 3 16 52 3.62 0.7 90.41 19.34 1 4 

OC12 3 5 13 52 3.56 0.799 89.04 22.44 2 5 

CNC5 3 5 15 50 3.53 0.801 88.36 22.69 3 6 

CNC11 5 2 15 51 3.53 0.851 88.36 24.11 4 7 

CNC4 3 4 20 46 3.49 0.784 87.33 22.46 5 8 

CNC8 4 7 15 47 3.44 0.882 85.96 25.64 6 9 

CC1 1 10 20 42 3.41 0.779 85.27 22.84 2 10 

OC5 4 9 16 44 3.37 0.905 84.25 26.85 3 11 

CC8 3 11 15 44 3.37 0.89 84.25 26.41 3 12 

OC16 1 11 22 39 3.36 0.788 83.90 23.45 4 13 

OC14 4 11 14 44 3.34 0.931 83.56 27.87 5 14 

CC3 2 13 17 41 3.33 0.867 83.22 26.04 4 15 

CNC16 4 9 20 40 3.32 0.896 82.88 26.99 7 16 

CNC9 6 7 20 40 3.29 0.95 82.19 28.88 8 17 

CC2 3 12 21 37 3.26 0.882 81.51 27.06 5 18 

OC18 6 10 20 37 3.21 0.971 80.14 30.25 6 19 
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CC7 4 14 18 37 3.21 0.942 80.14 29.35 6 20 

CNC2 6 9 23 35 3.19 0.952 79.79 29.84 9 21 

OC9 6 9 26 32 3.15 0.938 78.77 29.78 7 22 

CNC10 6 12 20 35 3.15 0.981 78.77 31.14 10 23 

CNC15 4 13 25 31 3.14 0.902 78.42 28.73 11 24 

CC13 2 17 26 28 3.1 0.853 77.40 27.52 7 25 

CC6 4 14 27 28 3.08 0.894 77.05 29.03 8 26 

CC10 6 12 27 28 3.05 0.941 76.37 30.85 9 27 

CC4 7 13 26 27 3 0.972 75.00 32.40 10 28 

OC1 5 12 36 20 2.97 0.849 74.32 28.59 8 29 

CNC1 12 12 18 31 2.93 1.122 73.29 38.29 12 30 

OC8 7 20 19 27 2.9 1.016 72.60 35.03 9 31 

CC11 9 16 21 27 2.9 1.043 72.60 35.97 11 32 

OC15 8 14 29 22 2.89 0.966 72.26 33.43 10 33 

CNC3 9 17 22 25 2.86 1.032 71.58 36.08 13 34 

EC10 9 13 31 20 2.85 0.967 71.23 33.93 1 35 

EC4 12 14 23 24 2.81 1.076 70.21 38.29 2 36 

OC17 11 14 28 20 2.78 1.017 69.52 36.58 11 37 

CNC14 7 22 24 20 2.78 0.961 69.52 34.57 14 38 

EC7 9 17 29 18 2.77 0.965 69.18 34.84 3 39 

EC8 9 19 28 17 2.73 0.961 68.15 35.20 4 40 

EC1 11 22 17 23 2.71 1.073 67.81 39.59 5 41 

CC5 9 22 25 17 2.68 0.97 67.12 36.19 12 42 
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OC3 6 26 27 14 2.67 0.883 66.78 33.07 12 43 

EC6 10 18 31 14 2.67 0.944 66.78 35.36 6 44 

OC4 8 26 22 17 2.66 0.961 66.44 36.13 13 45 

CC12 10 20 29 14 2.64 0.948 66.10 35.91 13 46 

OC7 12 18 28 15 2.63 0.993 65.75 37.76 14 47 

OC13 10 24 23 16 2.62 0.981 65.41 37.44 15 48 

OC10 7 29 25 12 2.58 0.881 64.38 34.15 16 49 

CC17 12 22 26 13 2.55 0.972 63.70 38.12 14 50 

CNC12 11 26 21 15 2.55 0.987 63.70 38.71 15 51 

EC5 9 28 23 13 2.55 0.929 63.70 36.43 7 52 

CC15 17 19 18 19 2.53 1.119 63.36 44.23 15 53 

CC16 12 26 19 16 2.53 1.015 63.36 40.12 16 54 

EC3 17 16 24 16 2.53 1.081 63.36 42.73 8 55 

OC2 6 31 28 8 2.52 0.801 63.01 31.79 17 56 

CC14 13 24 25 11 2.47 0.959 61.64 38.83 17 57 

EC9 17 19 23 14 2.47 1.055 61.64 42.71 9 58 

EC11 13 24 25 11 2.47 0.959 61.64 38.83 10 59 

CNC13 11 30 20 12 2.45 0.943 61.30 38.49 16 60 

EC2 15 23 22 13 2.45 1.014 61.30 41.39 11 61 

CNC17 16 25 17 15 2.42 1.053 60.62 43.51 17 62 

OC11 19 30 13 11 2.22 1.003 55.48 45.18 18 63 

EC12 29 26 11 7 1.95 0.97 48.63 49.74 12 64 
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 Analysing and Ranking the Variation Causes Influencing Project Scope 7.7

in the KSA 

 

7.7.1 Causes Due to Owner   

The impact of variations on scope is extremely vital as it has the tendency to change 

contractual agreements and set the work into a spiral of claims and counter claims. Table 7-20 

presents information about the ranking of causes for variation with respect to scope according 

to the owner-related category of factors. There are 18 factors with mean scores ranging 

between 3.33 and 2.34. Using the severity index, the highest score was OC1: Inadequate 

planning led to change in project purpose and scope, at 83.22 and a mean score of 3.33; the 

second highest score was OC12: Managerial corruption, at 80.82 and a mean score of 3.23; 

while the third highest score was OC5: Inadequate experience of owner's staff, at 77.74 and a 

mean score of 3.11. This implies that poor planning, corruption at a strategic level and lack of 

flexibility in institutions has been triggering variations in scope. Additionally, OC16: Rigidity 

of Public works contract has a score of 77.74 and a mean score of 3.11; OC7: Additional 

works added by owner scored 76.03 and a mean score of 3.04 for the Likert scale; and OC6: 

Lowest bidding procurement method had a 75.34 severity index score and a mean score of 

3.01. The results in the table indicate that only six factors scored a mean value above the 

neutral point of 3.0, which is less than 50% of the total factors in this group. That means the 

impact triaged from the owner group towards the scope variation is low.  

Using the decreasing ranking column, it can be seen that the lowest ranked factor is OC17: 

Absence of continuous supervision from top management, with a score of 57, a mean score of 

2.34 and a standard deviation of 0.946. The second highest ranking is OC18: Restrictions 

against foreign companies, while the third highest ranked factor is OC11: Long period 

between design and time of implementation’s start. The first three factors indicate that 

constant supervision from top management representing the client is of low importance 

because there is a chance that the work can proceed without corners being cut for reasons 

beyond the knowledge of the client, as has been indicated by the ranking.  
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Table 7-20: Ranking Owner-related variation causes that influence project scope  

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity Index Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

O
w

n
er

-r
el

a
te

d
 c

a
u

se
s 

OC1 3 3 34 33 3.33 0.746 83.22 22.40 1 2 

OC12 7 9 17 40 3.23 1.007 80.82 31.18 2 4 

OC5 4 11 31 27 3.11 0.859 77.74 27.62 3 14 

OC16 2 16 27 28 3.11 0.843 77.74 27.11 4 15 

OC7 4 16 26 27 3.04 0.904 76.03 29.74 5 17 

OC6 3 15 33 22 3.01 0.825 75.34 27.41 6 19 

OC14 8 13 25 27 2.97 1 74.32 33.67 7 22 

OC10 8 12 32 21 2.9 0.945 72.60 32.59 8 28 

OC15 6 17 30 20 2.88 0.912 71.92 31.67 9 32 

OC4 8 19 28 18 2.77 0.95 69.18 34.30 10 35 

OC3 8 18 32 15 2.74 0.913 68.49 33.32 11 36 

OC2 12 12 34 15 2.71 0.979 67.81 36.13 12 37 

OC8 12 20 19 22 2.7 1.076 67.47 39.85 13 38 

OC13 13 15 26 19 2.7 1.05 67.47 38.89 14 39 

OC9 10 20 30 13 2.63 0.936 65.75 35.59 15 45 

OC11 9 24 25 15 2.63 0.95 65.75 36.12 16 46 

OC18 13 26 22 12 2.45 0.972 61.30 39.67 17 52 

OC17 15 27 22 9 2.34 0.946 58.56 40.43 18 57 
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7.7.2 Causes Due to Consultants   

Table 7-21 provides information that abstracts the ranking of the 17 causes of variation that 

affect the scope according to the consultant-related category of factors. The table presents the 

information from the perspective that consultants could take particular actions that could fuel 

variations related to scope. Based on the severity index scores, which vary from 55.82% to 

83.56%, the highest ranked factor was CC11: The objectives of the project are not well 

defined, at 83.56 and a mean score of 3.34; and the second highest ranked factor was CC1: 

Errors and omission in design, at 82.19 with a mean score of 3.29. These first two highest 

group-ranked factors have almost the same ranking in the overall ranking, where they are 

ranked first and third. The third highest ranked factor in the consultant group was CC2: Lack 

of coordination among project parties, with a score of 80.48 and a mean score of 3.22, while 

the fourth highest ranked factor was CC8: Acceleration of design phase’s time, with a score of 

80.14 and a mean score of 3.21. Other high-ranking factors were CC9: Consultant’s lack of 

experience and specialist, at 79.79 and a mean score of 3.19; and CC6: Conflict between 

design consultants and implementation consultants, with a severity index score of 77.40 and a 

mean score of 3.1.  

In contrast, the three lowest ranking factors with least influence on the scope variation related 

to consultant issues were CC17: Changes in some of the project ideas during design phase and 

CC14: Safety consideration, with the third lowest score being CC15: Applying value 

engineering, where the average weighted mean in these factors varied from 2.23 to 2.42 and 

the coefficient variation was between 40.63 and 45.12. However, the average mean of these 

factors is lower than the neutral point (3.00). Furthermore, these factors also scored very low 

in the overall ranking for their impact on project scope.   
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Table 7-21: Ranking Consultant-related variation causes that influence project scope  

Cat. Code Impact Rating frequency Mean Std. 

Deviation 

Severity Index Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

C
o
n

su
lt

a
n

t-
re

la
te

d
 c

a
u

se
s 

CC11 2 12 18 41 3.34 0.853 83.56 25.54 1 1 

CC1 5 7 23 38 3.29 0.905 82.19 27.51 2 3 

CC2 5 12 18 38 3.22 0.961 80.48 29.84 3 6 

CC8 4 13 20 36 3.21 0.927 80.14 28.88 4 7 

CC9 4 11 25 33 3.19 0.892 79.79 27.96 5 9 

CC6 4 14 26 29 3.1 0.9 77.40 29.03 6 16 

CC7 5 18 22 28 3 0.957 75.00 31.90 7 20 

CC4 7 14 26 26 2.97 0.971 74.32 32.69 8 23 

CC16 8 17 19 29 2.95 1.039 73.63 35.22 9 25 

CC10 7 16 27 23 2.9 0.96 72.60 33.10 10 29 

CC3 7 21 19 26 2.88 1.013 71.92 35.17 11 33 

CC12 9 19 30 15 2.7 0.938 67.47 34.74 12 40 

CC13 9 22 24 18 2.7 0.982 67.47 36.37 13 41 

CC5 11 18 29 15 2.66 0.975 66.44 36.65 14 44 

CC15 21 13 26 13 2.42 1.092 60.62 45.12 15 53 

CC14 17 24 21 11 2.36 1.005 58.90 42.58 16 56 

CC17 16 31 19 7 2.23 0.906 55.82 40.63 17 62 
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7.7.3 Causes Due to Contractors  

The ranking results in Table 7-22 show that there are 17 factors in the contractor group which 

are ranked to indicate their level of importance in influencing the scope variation side. The 

idea was to isolate what contractor actions could have a significant influence on the 

management of project scope. Based on the severity index, the highest ranked factor was 

CNC1: Inadequate site investigation, at 80.82 and a mean score of 3.23; the second highest 

ranked factor was CNC2: Misunderstanding of tender documents and poor cost estimation for 

the table of quantities during bidding stage, with a score of 79.79 and a mean score of 3.19. 

The third highest ranked factor was CNC11: Fraudulent practices, kickbacks and corruption, 

at 78.77 and a mean score of 3.15. Other highly ranked factors were: CNC6: Lack of 

specialised construction manager, at 78.42 and a mean score of 3.14, CNC3: Work 

suspensions due to conflicts, at 78.08 and a mean score of 3.12, and CNC4: Lack of 

coordination between general contractors and subcontractors, at 76.03 and a mean score of 

3.04.  

Table 7-22 provides a collection of factors ranked in descending order with a view to showing 

the causes of variations with respect to scope according to the contractor-related category of 

factors. The lowest ranked factor was CNC17: Difficulties in obtaining accreditation by 

contractor, with an overall ranking of 64 and a 2.18 mean score as well as a standard deviation 

of 0.991. The second lowest score was CNC13: High interest rates charged by bankers on 

loans received by contractors, while the third lowest ranked factor was CNC12: High 

machinery maintenance costs”. The three lowest ranked factors from the contractors group 

indicate that the way the business operates for the contractor has less impact on the scope of 

the work; meaning that, if they are not well accredited or that they have difficulties accessing 

plant, equipment and finances, it would have a low impact on the kind of work they can do, 

and that scope can be less impacted in terms of variations.  
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Table 7-22: Ranking Contractor-related variation causes that influence project scope  

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity Index Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

C
o
n

tr
a
ct

o
r-

r
el

a
te

d
 c

a
u

se
s 

CNC1 6 8 22 37 3.23 0.95 80.82 29.41 1 5 

CNC2 5 8 28 32 3.19 0.892 79.79 27.96 2 10 

CNC11 7 8 25 33 3.15 0.967 78.77 30.70 3 11 

CNC6 5 9 30 29 3.14 0.887 78.42 28.25 4 12 

CNC3 6 10 26 31 3.12 0.942 78.08 30.19 5 13 

CNC4 9 10 23 31 3.04 1.033 76.03 33.98 6 18 

CNC5 8 12 26 27 2.99 0.993 74.66 33.21 7 21 

CNC7 9 13 22 29 2.97 1.04 74.32 35.02 8 24 

CNC8 10 13 22 28 2.93 1.058 73.29 36.11 9 26 

CNC10 10 11 29 23 2.89 1.008 72.26 34.88 10 30 

CNC9 12 12 29 20 2.78 1.031 69.52 37.09 11 34 

CNC16 13 20 22 18 2.62 1.049 65.41 40.04 12 47 

CNC15 10 21 30 12 2.6 0.924 65.07 35.54 13 49 

CNC14 14 18 28 13 2.55 1.001 63.70 39.25 14 50 

CNC12 18 25 22 8 2.27 0.961 56.85 42.33 15 61 

CNC13 20 28 15 10 2.21 0.999 55.14 45.20 16 63 

CNC17 22 24 19 8 2.18 0.991 54.45 45.46 17 64 
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7.7.4 Causes Due to External Events   

According to the survey results in Table 7-23, the external factors group received the lowest 

ranking factors compared to the other groups, as only one factor got a mean score above the 

neutral point of 3.0. Therefore, Table 7-23 summarises the information relating to the rating 

for possible causes of variations that impact scope according to the external-related category 

of factors. Using the severity index calculation, the highest ranked factor was EC4: 

Unexpected ground conditions, at 80.14 and a mean score of 3.21; the second highest factor 

was EC1: Natural disasters, at 72.95 and a mean score of 2.92; while the third highest ranked 

factor was EC10: Unforeseen problems, at 72.26 and a mean score of 2.89. The second and 

third mean scores for the Likert scale are closer to neutral. Other factors were: EC3: Political 

issues, at 67.12 and a mean score of 2.68; EC9: Change in government regulations, at 66.78 

and a mean score of 2.67; and EC11: Environmental considerations, at 65.41 and a mean 

score of 2.62.  

In contrast, Table 7-23 shows that the lowest ranked factors in this group were EC12: 

Pressure from Rights organisations, with an overall score of 60, a mean score of 2.3 and a 

standard deviation of 1.063. The second lowest ranked factor was EC8: Adverse effect of 

weather, while the third was EC6: Fluctuation in prices of raw materials. All three factors 

indicate an element of lack of control from the contractor or the client, meaning that these 

factors have been seen as uncontrollable but that they are not able to trigger a change or shift 

in scope for the work under review.  
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Table 7-23: Ranking External-related variation causes that influence project scope.  

Cat. Code Impact rating frequency Mean Std. 

Deviation 

Severity Index Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

E
x
te

rn
a
l-

re
la

te
d

 c
a
u

se
s 

EC4 5 10 23 35 3.21 0.927 80.14 28.88 1 8 

EC1 8 16 23 26 2.92 1.01 72.95 34.59 2 27 

EC10 6 19 25 23 2.89 0.951 72.26 32.91 3 31 

EC3 11 19 25 18 2.68 1.012 67.12 37.76 4 42 

EC9 14 16 23 20 2.67 1.081 66.78 40.49 5 43 

EC11 6 30 23 14 2.62 0.892 65.41 34.05 6 48 

EC7 12 24 24 13 2.52 0.973 63.01 38.61 7 51 

EC5 14 26 21 12 2.42 0.985 60.62 40.70 8 54 

EC2 15 26 19 13 2.41 1.012 60.27 41.99 9 55 

EC6 16 26 22 9 2.33 0.958 58.22 41.12 10 58 

EC8 17 26 21 9 2.3 0.967 57.53 42.04 11 59 

EC12 20 24 16 13 2.3 1.063 57.53 46.22 12 60 
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7.7.5 Summary and Overall Group Ranking of Influence on Scope Variation 

Table 7-24 summarises the ranking of all variation causes under the categories of owner 

induced, consultant influenced, contractor caused and externally influenced. They are 

assessed as a combinational force on the variations with regard to the scope of the work. Six 

factors out of the 18 related to the owner group got a mean score above the neutral point of 

3.0; this represents an amount that is less than 50% of the total number of factors in this 

group, which indicates the low level of importance impact on scope variation originated by 

the owner. The three top ranked factors from the owners group that were considered to be 

influencing variations in scope were OC1: Inadequate planning led to change in project 

purpose and scope, the OC12: Managerial corruption and OC5: Inadequate experience of 

owner's staff. 

Similarly, seven factors out of the 17 consultant group factors are above the neutral point of 

the mean, which is also less than 50% of the total number in this group, indicating the low 

importance of variation impact on scope executed by consultant. The top three factors from 

this group were CC11: The objectives of the project are not well defined, CC1: Errors and 

omission in design and CC2: Lack of coordination among project parties. 

Likewise, in the consultant group, six out of the 17 factors scored a mean score above the 

neutral point of 3.0, meaning that the impact of this group is also low as it represents less than 

50% of the total. The highest ranked factors in this group were CNC1: Inadequate site 

investigation, CNC2: Misunderstanding of tender documents and poor cost estimation for the 

table of quantities during bidding stage and CNC11: Fraudulent practices, kickbacks and 

corruption. 

The external factors group had the lowest percentage of factors that were ranked below the 

neutral point out of the four groups. Only one factor out of this group’s 12 factors scored a 

mean value above the neutral point; this factor was EC4: Unexpected ground conditions. 

Therefore, the external group factors are not among the important factors that impact scope 

variation.  

The results of the overall group rankings are presented in Table 7-24, which summarises the 

rankings based on the mean and severity index scores of all factors in the four groups: Owner, 

Consultant, Contractor and External factors. The top 10 factors were CC11: The objectives of 

the project are not well defined, OC1: Inadequate planning led to change in project purpose 

and scope, CC1: Errors and omission in design, OC12: Managerial corruption, CNC1: 
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Inadequate site investigation, CC2: Lack of coordination among project parties, CC8: 

Acceleration of design phase’s time, EC4: Unexpected ground conditions, CC9: Consultant’s 

lack of experience and specialists and CNC2: Misunderstanding of tender documents and 

poor cost estimation for the table of quantities during bidding stage. 
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Table 7-24: Summary of ranking of variation causes with respect to Scope based on professional roles  

Code Impact rating frequency Mean Std. 

Deviation 

Severity Index Coff. Of 

Variation 

Group 

Ranking 

Overall 

Ranking 1 2 3 4 

CC11 2 12 18 41 3.34 0.853 83.56 25.54 1 1 

OC1 3 3 34 33 3.33 0.746 83.22 22.40 1 2 

CC1 5 7 23 38 3.29 0.905 82.19 27.51 2 3 

OC12 7 9 17 40 3.23 1.007 80.82 31.18 2 4 

CNC1 6 8 22 37 3.23 0.95 80.82 29.41 1 5 

CC2 5 12 18 38 3.22 0.961 80.48 29.84 3 6 

CC8 4 13 20 36 3.21 0.927 80.14 28.88 4 7 

EC4 5 10 23 35 3.21 0.927 80.14 28.88 1 8 

CC9 4 11 25 33 3.19 0.892 79.79 27.96 5 9 

CNC2 5 8 28 32 3.19 0.892 79.79 27.96 2 10 

CNC11 7 8 25 33 3.15 0.967 78.77 30.70 3 11 

CNC6 5 9 30 29 3.14 0.887 78.42 28.25 4 12 

CNC3 6 10 26 31 3.12 0.942 78.08 30.19 5 13 

OC5 4 11 31 27 3.11 0.859 77.74 27.62 3 14 

OC16 2 16 27 28 3.11 0.843 77.74 27.11 4 15 

CC6 4 14 26 29 3.1 0.9 77.40 29.03 6 16 

OC7 4 16 26 27 3.04 0.904 76.03 29.74 5 17 

CNC4 9 10 23 31 3.04 1.033 76.03 33.98 6 18 

OC6 3 15 33 22 3.01 0.825 75.34 27.41 6 19 
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CC7 5 18 22 28 3 0.957 75.00 31.90 7 20 

CNC5 8 12 26 27 2.99 0.993 74.66 33.21 7 21 

OC14 8 13 25 27 2.97 1 74.32 33.67 7 22 

CC4 7 14 26 26 2.97 0.971 74.32 32.69 8 23 

CNC7 9 13 22 29 2.97 1.04 74.32 35.02 8 24 

CC16 8 17 19 29 2.95 1.039 73.63 35.22 9 25 

CNC8 10 13 22 28 2.93 1.058 73.29 36.11 9 26 

EC1 8 16 23 26 2.92 1.01 72.95 34.59 2 27 

OC10 8 12 32 21 2.9 0.945 72.60 32.59 8 28 

CC10 7 16 27 23 2.9 0.96 72.60 33.10 10 29 

CNC10 10 11 29 23 2.89 1.008 72.26 34.88 10 30 

EC10 6 19 25 23 2.89 0.951 72.26 32.91 3 31 

OC15 6 17 30 20 2.88 0.912 71.92 31.67 9 32 

CC3 7 21 19 26 2.88 1.013 71.92 35.17 11 33 

CNC9 12 12 29 20 2.78 1.031 69.52 37.09 11 34 

OC4 8 19 28 18 2.77 0.95 69.18 34.30 10 35 

OC3 8 18 32 15 2.74 0.913 68.49 33.32 11 36 

OC2 12 12 34 15 2.71 0.979 67.81 36.13 12 37 

OC8 12 20 19 22 2.7 1.076 67.47 39.85 13 38 

OC13 13 15 26 19 2.7 1.05 67.47 38.89 14 39 

CC12 9 19 30 15 2.7 0.938 67.47 34.74 12 40 

CC13 9 22 24 18 2.7 0.982 67.47 36.37 13 41 

EC3 11 19 25 18 2.68 1.012 67.12 37.76 4 42 
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EC9 14 16 23 20 2.67 1.081 66.78 40.49 5 43 

CC5 11 18 29 15 2.66 0.975 66.44 36.65 14 44 

OC9 10 20 30 13 2.63 0.936 65.75 35.59 15 45 

OC11 9 24 25 15 2.63 0.95 65.75 36.12 16 46 

CNC16 13 20 22 18 2.62 1.049 65.41 40.04 12 47 

EC11 6 30 23 14 2.62 0.892 65.41 34.05 6 48 

CNC15 10 21 30 12 2.6 0.924 65.07 35.54 13 49 

CNC14 14 18 28 13 2.55 1.001 63.70 39.25 14 50 

EC7 12 24 24 13 2.52 0.973 63.01 38.61 7 51 

OC18 13 26 22 12 2.45 0.972 61.30 39.67 17 52 

CC15 21 13 26 13 2.42 1.092 60.62 45.12 15 53 

EC5 14 26 21 12 2.42 0.985 60.62 40.70 8 54 

EC2 15 26 19 13 2.41 1.012 60.27 41.99 9 55 

CC14 17 24 21 11 2.36 1.005 58.90 42.58 16 56 

OC17 15 27 22 9 2.34 0.946 58.56 40.43 18 57 

EC6 16 26 22 9 2.33 0.958 58.22 41.12 10 58 

EC8 17 26 21 9 2.3 0.967 57.53 42.04 11 59 

EC12 20 24 16 13 2.3 1.063 57.53 46.22 12 60 

CNC12 18 25 22 8 2.27 0.961 56.85 42.33 15 61 

CC17 16 31 19 7 2.23 0.906 55.82 40.63 17 62 

CNC13 20 28 15 10 2.21 0.999 55.14 45.20 16 63 

CNC17 22 24 19 8 2.18 0.991 54.45 45.46 17 64 
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 Summary of the Chapter 7.8

This chapter has presented the description and analysis of data results obtained from the 

questionnaire survey. It gave information about where the survey was conducted, how the 

variation factors were rated, and participants’ details. Furthermore, the chapter has provided 

an analysis of variation factors rated to their influence on cost, schedule, quality and scope; 

this has been divided into four sections based on their source: owner, consultant, contractor 

and external factors. 

Firstly, the causes of variation that impact the project cost were analysed. It was found that 

the five highest ranked factors overall were CC1: Errors and omission in design, CC4: 

Inaccurate estimation of implementation cost, OC12: Managerial corruption, CNC2: 

Misunderstanding of tender documents and poor cost estimation for the table of quantities 

during bidding stage, and OC1: Inadequate planning led to change in project purpose and 

scope. 

Secondly, the impact of variation causes on project time was analysed and it was found that 

the five highest ranked factors among the overall group factors were OC1: Inadequate 

planning led to change in project purpose and scope from the owner group; CC1: Errors and 

omission in design and CC2: Lack of coordination among project parties, both from the 

consultant group; CNC3: Misunderstanding of tender documents and poor cost estimation for 

the table of quantities during bidding stage and CNC4: Lack of coordination between general 

contractors and subcontractors, both from the contractor group as shown in table 7-14. 

Thirdly, the impact of variation causes on project quality has been analysed. The results show 

that the highest overall ranking factor in this regard was OC6: Lowest bidding procurement 

method from the owner group; the second and third highest factors were CNC6: Lack of 

specialised construction manager and CNC7: Shortage of skilled manpower and efficient 

equipment from the contractor group; the fourth factor was CC9: Consultant’s lack of 

experience and specialists from the consultant group and the fifth was OC12: Managerial 

corruption from the owner group, as shown in table 7-19. 

Finally, the analysis of variation causes on project scope was presented and explained. To 

summarise the scope results, it can be seen from table 7-24 that the highest overall ranking 

factors were CC11: The objectives of the project are not well defined, OC1: Inadequate 

planning led to change in project purpose and scope, CC1: Errors and omission in design, 

OC12: Managerial corruption, CNC1: Inadequate site investigation. 
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The discussion and the implication of these results will be provided in Chapter 10 of this 

thesis. 

  



N. Alsohiman                                          2017                               University of Liverpool  

 

 

169 

8. CHAPTER EIGHT: ANOVA RESULTS AND DATA ANALYSIS 

 

 Introduction  8.1

This chapter presents the results of testing whether there is variance between the respondents 

in ranking the research constructs. First, the ANOVA test procedure is explained. Second, the 

testing hypotheses are introduced. Third, the results of the test are presented and explained. 

 

 ANOVA test  8.2

According to Sounderpandian (2008, p. 349), analysis of variance – ANOVA – is a statistical 

method that is “used for determining the existence of differences among several population 

means” because it can detect any differences between several population means by simply 

undertaking an analysis of the different sets of variance associated with random samples. 

Moore (2010, p. 635) opined that there is a statistical problem relating to how researchers can 

undertake many comparisons at once so that they can use an overall measure of confidence in 

all conclusions – hence the need for adopting ANOVA to resolve the problem. The procedure 

outlined by Moore (2010, p. 635) is as follows: (i) undertake an overall test to see if there is 

good evidence of any differences among the parameters that we want to compare; and (iii) 

undertake detailed follow-up analysis to decide which of the parameters differ and to estimate 

how large the differences are. This chapter, therefore, undertakes a detailed analysis of the 

ANOVA tests in order to assess if there are any similarities or differences (in the mean score) 

in the opinions of respondents on the variation causes identified in this study based on the 

experiences of the respondents and their different specialties in the construction industry 

(Project managers, Engineers, and Managerial officers/Surveyors). This was achieved through 

analysing the answers to the questions in the survey and testing hypotheses, which included 

four main hypotheses, as shown in Table 8-1, according to the sources of variation causes and 

research questions. An ANOVA analysis was conducted in order to justify the statistical 

differences of the groups’ responses. The basic premise for a hypothesis test in ANOVA is: 
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𝐻0: 𝜇1 = 𝜇2 = 𝜇3 = ⋯ = 𝜇𝑖 

𝐻𝑖: 𝑁𝑜𝑡 𝑎𝑡 𝑎𝑙𝑙 𝜇𝑖(𝑖 = 1, … , 𝑟)𝑎𝑟𝑒 𝑒𝑞𝑢𝑎𝑙 

Equation 8-1: The basic premise for hypothesis testing using ANOVA (Source: 

Sounderpandian 2008, p. 350) 

 

 Hypothesis Testing  8.3

Based on the above notions of ANOVA tests, the researcher has formulated the hypotheses 

shown in Table 8.1. Using the SPSS software and with a significance level of 0.05, the 

hypothesis test was computed using alpha=0.05, while observing the F-statistic and the p-

value. The details of each analysis are explained in the following sections. 

Table 8-1: Table of Research Hypotheses 

Restatement of Research Hypotheses 

1- Causes of Variation Related to Owner Issues. 

1 H01: 1 = 0. There is no statistically significant difference between the respondents' 

perceptions on "Impact of Variation causes on project’s success criteria 

(time, cost, quality and scope) related to Owner issues".  

H Α1: 1 ≠ 

0. 

There is a statistically significant difference between the respondents' 

perceptions on "Impact of Variation causes on project’s success criteria 

(time, cost, quality and scope) related to Owner issues".  

2- Causes of Variation Related to Consultant Issues. 

2 H02: 2 = 0. There is no statistically significant difference between the respondents' 

perceptions on "Impact of Variation causes on project’s success criteria 

(time, cost, quality and scope) related to Consultant issues".  

H Α2: 2 ≠ 

0. 

There is a statistically significant difference between the respondents' 

perceptions on "Impact of Variation causes on project’s success criteria 

(time, cost, quality and scope) related to Consultant issues".  

3- Causes of Variation Related to Contractor Issues. 

3 H03: 3 = 0. There is no statistically significant difference between the respondents' 

perceptions on "Impact of Variation causes on project’s success criteria 

(time, cost, quality and scope) related to Contractor issues".  

H Α3: 3 ≠ There is a statistically significant difference between the respondents' 
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0. perceptions on "Impact of Variation causes on project’s success criteria 

(time, cost, quality and scope) related to Contractor issues".  

4- Causes of Variation Related to External factors Issues. 

4 H04: 4 = 0. There is no statistically significant difference between the respondents' 

perceptions on "Impact of Variation causes on project’s success criteria 

(time, cost, quality and scope) related to External factors issues".  

H Α4: 4 ≠ 

0. 

There is a statistically significant difference between the respondents' 

perceptions on "Impact of Variation causes on project’s success criteria 

(time, cost, quality and scope) related to External factors issues".  

 

 Variance Analysis of ‘Owner Variation Factors’ 8.4

The analysis using ANOVA was performed to determine if there were any significant 

differences between the respondents' perceptions on variation in construction projects based 

on the causes related to the Owner, and the calculation of the means, standard deviations and 

variations between all three groups based on their experience and their different specialties 

(Project managers, Engineers, and Managerial officers and/or Surveyors), where they were 

asked to give a rating between the values of 1 and 4. 

  

8.4.1 Analysis of Variance for Time (Schedule) 

An ANOVA analysis was conducted in order to justify the statistical differences of the 

groups’ responses. Using the SPSS software and with a significance level of 0.05, the 

hypothesis test was computed using alpha=0.05, and observing the F-statistic and the p-

values. The result is shown in Table 1 in Appendix A, under column ‘Sig.’, where all of the 

18 factors showed no significant differences between respondents’ perceptions on causes of 

variation based on the owner source; thus, the zero hypotheses is retained. The scores are p-

value > 0.05; therefore, there were no significant differences identified between the mean 

score of the respondents for these factors as shown in Appendix A. 

 

Hence, the H0 hypothesis is accepted for the causes of variation related to the owner. In this 

case, there is no need for further tests in order to determine the difference in specific means 

between the respondents. 
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8.4.2 Analysis of Variance for Cost  

Similarly, there was a need to test the variance for cost using the scores where p-value > 0.05. 

It was found that there were no significant differences identified between the views of the 

respondents for these factors, as shown in Table 1 in Appendix A – except for factors OC2, 

OC7, OC8 and OC16, shown here in Table 8-2. Hence, the H0 hypothesis is still accepted for 

the causes of variation related to the owner as far as cost is concerned. However, there is a 

need for further tests in order to determine the difference in specific means between the 

respondents using the Tukey test as one of the honest significant difference (HSD) tests.  

Table 8-2: ANOVA test for Owner Variation Factors related to cost 

ANOVA for cost impact         

    Sum of 

Squares 

df Mean 

Square 

F Sig. 

OC2 Between Groups 3.884 2 1.942 3.504 .035 

  Within Groups 38.801 70 .554     

  Total 42.685 72       

OC7 Between Groups 2.998 2 1.499 3.621 .032 

  Within Groups 28.975 70 .414     

  Total 31.973 72       

OC8 Between Groups 5.635 2 2.817 3.329 .042 

  Within Groups 59.242 70 .846     

  Total 64.877 72       

OC16 Between Groups 5.954 2 2.977 3.764 .028 

  Within Groups 55.361 70 .791     

  Total 61.315 72       

 

8.4.2.1 Tukey Tests for OC2, OC7, OC8 and OC16 

The Tukey tests for OC2, OC7, OC8 and OC16 show the varied levels of significance in the 

perception of cost between respondents, especially project managers and general management 

and surveyors – as shown in Table 8-3. However, multiple comparisons shown under Table 8-

4 indicate that project managers and engineers differ in their perception of cost. This 
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difference could be attributed to several contexts. Among these is the difference in training 

and education of the two groups. Also relevant is the fact that managers tend to concentrate on 

soft success issues, whereas engineers tend to concentrate on the technical aspects of project 

success. 

Table 8-3: Results for Tukey Tests for OC2, OC7, OC8 and OC16 

OC2    

Tukey 

HSD a,b 

   

Job title  N Subset for alpha = 0.05   

    1 2 

Project 

manager 

42 3.02   

Engineer 19 3.21 3.21 

Managerial 

& Surveyor 

12   3.67 

Sig.   .724 0.153 

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 

error levels are not guaranteed. 

OC7    

Tukey 

HSD a,b 

   

Job title  N Subset for alpha = 0.05   

    1 2 

Project 

manager 

42 3.29   

Engineer 19 3.53 3.53 

Managerial 

& Surveyor 

12   3.83 
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Sig.   .489 0.315 

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 

error levels are not guaranteed. 

OC8    

Tukey 

HSD a,b 

   

Job title  N Subset for alpha = 0.05   

    1 2 

Engineer 19 2.89   

Project 

manager 

42 2.93   

Managerial 

& Surveyor 

12   3.67 

Sig.   .993 1.000 

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 

error levels are not guaranteed. 

OC16    

Tukey HSD a,b   

Job title  N  alpha = 0.05   

    1 2 

Project 

manager 

42 3.05   

Engineer 19 3.11   

Managerial 

& 

12   3.83 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

175 

Surveyor 

Sig.   0.978 1.00 

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 

error levels are not guaranteed. 

 

The result in Table 8-3 indicates that, even though the level of significance is subtle, it shows 

a difference in the way engineers, project managers and managerial staff are looking at the 

issue of cost. It is crucial to examine this difference even though, overall, it does not change 

the overall outlook of no significant difference in the means for owners and other respondents 

with regard to cost.  

Table 8-4: Post Hoc Tests multiple comparisons for OC2, OC7, OC8 and OC16 

   Post Hoc Tests    

Multiple Comparisons      

Tukey HSD              

Dependent 

Variable 

(I) Job Title (J) Job 

Title 

Mean 

Differen

ce (I-J) 

Std. 

Error 

Sig. 95% 

Confidence 

Interval 

 

            Lower 

Bound 

Upper 

Bound 

OC2 Project 

manager 

Engineer -.187 .206 .638 -.68 .31 

    Managerial 

& 

Surveyor 

-.643* .244 .027 -1.23 -.06 

  Engineer Project 

manager 

.187 .206 .638 -.31 .68 

    Managerial 

& 

-.456 .275 .227 -1.11 .20 
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Surveyor 

  Managerial 

& Surveyor 

Project 

manager 

.643* .244 .027 .06 1.23 

    Engineer .456 .275 .227 -.20 1.11 

OC7 Project 

manager 

Engineer -.241 .178 .371 -.67 .19 

    Managerial 

& 

Surveyor 

-.548* .211 .030 -1.05 -.04 

  Engineer Project 

manager 

.241 .178 .371 -.19 .67 

    Managerial 

& 

Surveyor 

-.307 .237 .403 -.88 .26 

  Managerial 

& Surveyor 

Project 

manager 

.548* .211 .030 .04 1.05 

    Engineer .307 .237 .403 -.26 .88 

OC8 Project 

manager 

Engineer .034 .254 .990 -.58 .64 

    Managerial 

& 

Surveyor 

-.738* .301 .044 -1.46 -.02 

  Engineer Project 

manager 

-.034 .254 .990 -.64 .58 

    Managerial 

& 

Surveyor 

-.772 .339 .066 -1.58 .04 

  Managerial 

& Surveyor 

Project 

manager 

.738* .301 .044 .02 1.46 

    Engineer .772 .339 .066 -.04 1.58 

OC16 Project 

manager 

Engineer -.058 .246 .970 -.65 .53 
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    Managerial 

& 

Surveyor 

-.786* .291 .023 -1.48 -.09 

  Engineer Project 

manager 

.058 .246 .970 -.53 .65 

    Managerial 

& 

Surveyor 

-.728 .328 .075 -1.51 .06 

  Managerial 

& Surveyor 

Project 

manager 

.786* .291 .023 .09 1.48 

    Engineer .728 .328 .075 -.06 1.51 

 

8.4.3 Variance Analysis for Quality 

Using the 18 factors shown in Table 1 in Appendix A, it was possible to test the analysis of 

variance based on the p-value > 0.05, as mentioned in section 8.2.1. Results show that there 

were no significant differences identified between the views of the respondents and the 

owners of the projects for these factors related to quality. Therefore, the null hypothesis H0 is 

accepted for the causes of variation in terms of quality related to the owner. In this case, there 

is no need for further tests in order to determine the difference in specific means between the 

respondents. 

 

8.4.4 Variance Analysis for Scope  

Table 1 in Appendix A that presents the18 factors was also used to test the analysis of 

variance based on the p-value > 0.05 with regard to project scope. Results show that there 

were no significant differences identified between the views of the respondents and the 

owners of the projects for these factors related to project scope. Therefore, the null hypothesis 

H0 is accepted for the causes of variation in terms of project scope related to the owner. In this 

case, there is no need for further tests in order to determine the difference in specific means 

between the respondents.  
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 Variance Analysis of ‘Consultant Variation Factors’ 8.5

The analysis of variance (ANOVA) was also performed to determine if there were any 

significant differences between the mean score of respondents on variations in construction 

projects based on the causes related to the Consultant. Respondents were asked to give a 

rating of between the values of 1 and 4. The second hypothesis that ‘variation causes related 

to consultant issues’ was tested using the data obtained from the survey. 

An ANOVA analysis was conducted in order to justify the statistical differences of the 

groups’ responses. Using the SPSS software and with a significance level of 0.05, the 

hypothesis test was computed using alpha=0.05, and observing the F-statistic and the p-value. 

 

8.5.1 Analysis of Variance for Time (Schedule) 

Table 2 in Appendix A shows that the majority of the 17 factors had no significant difference 

between respondents’ perceptions on causes of variation related to Consultant issues based on 

the time period of the project’s phases; thus, the null hypothesis is retained. This was except 

for CC3 and CC7. To find out the statistical difference between the respondents’ views about 

factor CC3 ‘Lack of consultant's knowledge of available materials and equipment’, an 

ANOVA test was conducted; the result is shown in Table 8.5, where it can be seen that 

F=3.574 with p-value=0.033 ‘Lack of consultant's knowledge of available materials and 

equipment’. With regard to factor CC7 ‘Insufficient working drawing details’, the result 

showed that F=3.518 with p-value=0.035, and this result is higher than the previous factor. 

Both of them showed that the p-value <0.05; hence, there was a need to undertake a Tukey 

test. 
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Table 8-5: ANOVA test for Consultant Variation Factors related to time  

 

Sum of 

Squares df 

Mean 

Square F Sig. 

CC3 Between 

Groups 
4.963 2 2.481 3.574 .033 

Within 

Groups 
48.599 70 .694     

Total 53.562 72       

CC7 Between 

Groups 
4.294 2 2.147 3.518 .035 

Within 

Groups 
42.720 70 .610     

Total 47.014 72       

 

Further examination was conducted using the Tukey test as one of the honest significant 

difference (HSD) post-hoc multiple comparison tests. With regard to Factor CC3 ‘Lack of 

consultant's knowledge of available materials and equipment’ and CC7 ‘Insufficient working 

drawing details’, the Tukey test result in Table 8-6 shows that there was a difference in views 

between the respondents (Project managers, Engineers, and Managerial officers and/or 

Surveyors); hence, there is confidence that there are differences in the means from the sample 

with regard to CC3 and CC7.  
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Table 8-6: Post Hoc Test – Factor CC3 and CC7 

Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

CC3 

Project 

manager 

Engineer .038 .230 .985 -.51 .59 

Managerial 

& 

Surveyor 

-.690
*
 .273 .036 -1.34 -.04 

Engineer Project 

manager 
-.038 .230 .985 -.59 .51 

Managerial 

& 

Surveyor 

-.728 .307 .053 -1.46 .01 

Managerial 

& 

Surveyor 

Project 

manager 
.690

*
 .273 .036 .04 1.34 

Engineer .728 .307 .053 -.01 1.46 

CC7 

Project 

manager 

Engineer -.001 .216 1.000 -.52 .52 

Managerial 

& 

Surveyor 

-.655
*
 .256 .033 -1.27 -.04 

Engineer Project 

manager 
.001 .216 1.000 -.52 .52 

Managerial 

& 

Surveyor 

-.654 .288 .067 -1.34 .04 
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Managerial 

& 

Surveyor 

Project 

manager 
.655

*
 .256 .033 .04 1.27 

Engineer .654 .288 .067 -.04 1.34 

 

From Table 8.6 it can be seen that there is no significant difference between Managerial & 

Surveyor and Engineer and no significant difference between Engineer and Project manager; 

however, there is a significant difference between Managerial & Surveyor and Project 

manager. In terms of the rest of the 15 variation factors in the Consultant category, there were 

no significant differences identified between the views of the respondents for these factors, as 

shown in Table 1 in Appendix A. 

  

Hence, H02 hypothesis is accepted for Consultant variation causes. In this case, the post hoc 

multiple comparison test will be adopted in order to determine the difference in specific 

means between the respondents. 

 

8.5.2 Analysis of Variance for Cost  

It was also vital to test ANOVA for cost for factors related to consultants. Using the scores 

where p-value > 0.05, it was found that there were no significant differences identified 

between the mean score of the respondents for these factors, as shown in Table 2 in Appendix 

A. Hence, the null hypothesis H02 that there is no statistically significant difference between 

the respondents' perceptions on ‘causes of variation related to Consultant issues’ based on the 

time period of the project’s phases cannot be rejected for cost. Additionally, there is no need 

for further tests in order to determine the difference in specific means between the 

respondents using the Tukey test as one of the honest significant difference (HSD) tests.  

 

8.5.3 Variance Analysis for Quality 

It was also vital to test ANOVA for quality factors related to consultants. Using the scores 

where p-value > 0.05, it was found that there were no significant differences identified 

between the views of the respondents for these factors, as shown in Table 8-7. Hence, the null 
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hypothesis H02 that there is no statistically significant difference between the respondents' 

perceptions on ‘causes of variation related to Consultant issues’ based on the time period of 

the project’s phases cannot be rejected for quality. However, there is a need for further tests in 

order to determine the difference in specific means between the respondents using the Tukey 

test as one of the honest significant difference (HSD) tests for CC3, CC7 and CC16 – see 

tables 8-7 and 8-8.  

Table 8-7: ANOVA test for Consultant Variation Factors related to Quality  

ANOVA             

  Sum of 

Squares 

df Mean 

Square 

F Sig. 

CC3 Between Groups 5.469 2 2.734 3.935 .024 

  Within Groups 48.641 70 .695     

  Total 54.110 72       

CC7 Between Groups 6.567 2 3.283 4.008 .022 

  Within Groups 57.351 70 .819     

  Total 63.918 72       

CC16 Between Groups 7.629 2 3.814 4.013 .022 

  Within Groups 66.536 70 .951     

  Total 74.164 72       

 

8.5.3.1 Tukey Tests for CC3, CC7 and CC16 

The Tukey tests for CC3, CC7 and CC16 here in Table 8-8 show the varied level of 

significance in the perception of quality between respondents, especially project managers 

and engineers on one side and general management and surveyors on the other – as shown in 

Table 8-8. However, multiple comparisons shown under Table 8-13 indicate that project 

managers and engineers had a slightly similar level of significance while managerial officials 

and surveyors had a different perception of quality.  
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Table 8-8: Tukey Tests for CC3, CC7 and CC16 

CC3    

Tukey 

HSD a,b 

   

Job title  N Subset for alpha = 0.05 

    1  2 

Project 

manager 

42 3.10   

Managerial 

& 

Surveyor 

12 3.58   

Engineer 19 3.68   

Sig.   .084 

  

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is 

used. Type I error levels are not guaranteed. 

CC7    

Tukey 

HSD a,b 

   

Job title  N Subset for alpha = 0.05 

    1 2 

Project 

manager 

42 3.00   

Engineer 19 3.26 3.26 

Managerial 

& 

Surveyor 

12   3.83 

Sig.                                .648 0.138 
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Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is 

used. Type I error levels are not guaranteed. 

CC16   

Tukey HSD a,b   

Job title N Subset for 

alpha = 0.05 

    1 

Engineer 19 2.00 

Managerial & 

Surveyor 

12 2.58 

Project 

manager 

42 2.76 

Sig. 

  

.050 

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is 

used. Type I error levels are not guaranteed. 

 

The result in Table 8-9 indicates that, even though the level of significance is subtle, it shows 

a difference in the way engineers and project managers had a sync in terms of significance 

while the managerial staff were looking at the issue of quality in a different light. It is crucial 

to examine this difference even though, overall, it does not change the overall outlook of no 

significant difference in the means for consultants and other respondents with regard to 

quality. 

Table 8-9: Post Hoc Tests multiple comparisons for CC3, CC7 and CC16 

   Post Hoc Tests    

Multiple Comparisons      
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Tukey HSD              

Dependen

t Variable 

(I) Job 

title  

(J) Job 

title  

Mean 

Differenc

e (I-J) 

Std. 

Error 

Sig. 95% 

Confidenc

e Interval 

  

            Lower 

Bound 

Upper 

Bound 

CC3 Project 

manager 

Engineer -.589* .230 .034 -1.14 -.04 

    Manageria

l & 

Surveyor 

-0.488 .273 .181 -1.14 .17 

  Engineer Project 

manager 

.589* .230 .034 .04 1.14 

    Manageria

l & 

Surveyor 

.101 .307 .942 -0.64 .84 

  Manageria

l & 

Surveyor 

Project 

manager 

0.488 .273 .181 -.17 1.14 

    Engineer -.101 .307 .942 -.84 0.64 

CC7 Project 

manager 

Engineer -.263 .250 .547 -.86 .34 

    Manageria

l & 

Surveyor 

-.833* .296 .017 -1.54 -.12 

  Engineer Project 

manager 

.263 .250 .547 -.34 .86 

    Manageria

l & 

Surveyor 

-.570 .334 .209 -1.37 .23 

  Manageria

l & 

Surveyor 

Project 

manager 

.833* .296 .017 .12 1.54 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

186 

    Engineer .570 .334 .209 -.23 1.37 

CC16 Project 

manager 

Engineer .762* .270 .017 .12 1.41 

    Manageria

l & 

Surveyor 

.179 .319 .842 -0.59 .94 

  Engineer Project 

manager 

-.762* .270 .017 -1.41 -.12 

    Manageria

l & 

Surveyor 

-.583 .359 .243 -1.44 .28 

  Manageria

l & 

Surveyor 

Project 

manager 

-.179 .319 .842 -.94 0.59 

    Engineer .583 .359 .243 -.28 1.44 

8.5.4 Variance Analysis for Scope  

It was also vital to test ANOVA for factors related to consultants’ view of project scope. 

Using the scores where p-value > 0.05, it was found that there were no significant differences 

identified between the views of the respondents for these factors, as shown in Table 2, 

Appendix A. 

Hence, the null hypothesis H02 that there is no statistically significant difference between the 

respondents' perceptions on ‘causes of variation related to Consultant issues’ based on the 

time period of the project’s phases cannot be rejected for quality. Therefore, there is no need 

for further tests in order to determine the difference in specific means between the 

respondents using the Tukey test as one of the honest significant difference (HSD) tests.  

 

 Variance Analysis of ‘Contractor Variation Factors’ 8.6

Analysis using ANOVA was also performed to determine if there were any significant 

differences between the views of respondents on variation in construction projects based on 

the causes related to the Contractor, where they were asked to give a rating of between the 

values of 1 and 4 (Table 3, Appendix A). 
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8.6.1 Analysis of Variance for Time (Schedule) 

An ANOVA analysis was conducted in order to justify the statistical differences of the 

groups’ responses. Using the SPSS software and with a significance level of 0.05, the 

hypothesis test as shown in Table 8-10 was computed using alpha=0.05, observing the F-

statistic and the p-value. This shows that the majority of the factors for this category had no 

significant differences between respondents’ perceptions, except for factor CNC14 ‘Stealing 

and waste on site’, thus retaining the null hypothesis. To find out the statistical difference 

between respondents’ views about factor CNC14 ‘Stealing and waste on site’, an ANOVA 

test was conducted; the result is shown in Table 8.10, where it can be seen that F=5.836 with 

p-value=0.005, which indicates that there were significant differences between respondents’ 

perceptions about this factor. 

 

Table 8-10: ANOVA test for variation causes related to Contractor  

 

Sum of 

Squares df 

Mean 

Square F Sig. 

CNC14 

Between 

Groups 
10.129 2 5.064 5.836 .005 

Within 

Groups 
60.748 70 .868     

Total 70.877 72       

 

8.6.1.1 Tukey Tests for CNC14 

To this effect, it was necessary to undertake a Tukey test for the CNC14 factor, as shown in 

Table 8.11, which found that respondents’ views about ‘CNC14’ differed, with a significant 

difference between Project managers and Engineer and Managerial & Surveyor. No 

significant difference was found between Engineer and Managerial & Surveyor. 

Hence, for the null hypothesis H03: P3 = 0, there is no statistically significant difference 

between the respondents' perceptions about variation in construction projects based on the 

causes related to the Contractor, and therefore it was not rejected.  
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Table 8-11: Post Hoc Tests - Factor CNC14 

Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

CNC14 

Project 

manager 

Engineer -.673
*
 .258 .029 -1.29 -.06 

Managerial 

& Surveyor 
-.857

*
 .305 .017 -1.59 -.13 

Engineer Project 

manager 
.673

*
 .258 .029 .06 1.29 

Managerial 

& Surveyor 
-.184 .344 .854 -1.01 .64 

Manageri

al & 

Surveyor 

Project 

manager 
.857

*
 .305 .017 .13 1.59 

Engineer .184 .344 .854 -.64 1.01 

* The mean difference is significant at the 0.05 level 

 

8.6.2 Analysis of Variance for Cost  

There was a need to test the variance for cost using the scores where p-value > 0.05; it was 

found that there were no significant differences identified between the views of the 

respondents for the factor, as shown in Table 8-12, except for factor CNC6. 

Hence, H03: β3 = 0 that there is no statistically significant difference between the respondents' 

perceptions on ‘causes of variation related to Contractor issues’ based on the cost of the 

project’s phases is still accepted. The null hypothesis is still accepted for the causes of 

variation related to the contractors as far as cost is concerned. Hence, there was no need for 

further tests in order to determine the difference in specific means between the respondents 

using the Tukey test as one of the honest significant difference (HSD) tests.  
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Table 8-12: ANOVA test for Contractor variation factors related to Cost 

ANOVA for cost impact Sum of 

Squares 

df Mean 

Square 

F Sig. 

CNC6 

 

 

Between 

Groups 

5.412 2 2.706 4.344 .017 

Within Groups 43.602 70 .623     

Total 49.014 72       

CNC14 

 

 

Between 

Groups 

4.830 2 2.415 2.861 .064 

Within Groups 59.088 70 .844     

Total 63.918 72       

 

8.6.3 Variance Analysis for Quality  

It was also crucial to test ANOVA for quality factors related to contractors. Using the scores 

where p-value > 0.05, it was found that there were no significant differences identified 

between the views of the respondents for these factors, as shown in Table 8-13. 

 Hence the null hypothesis H03 that there is no statistically significant difference between the 

respondents' perceptions on ‘causes of variation related to Contractor issues’ based on the 

time period of the project’s phases is still accepted, meaning that it cannot be rejected for 

quality. However, there is no need for further tests in order to determine the difference in 

specific means between the respondents using the Tukey test as one of the honest significant 

difference (HSD) tests, even though CNC 14 had a value of 0.01. The rest of the factors were 

not significantly different; the overall picture tallies with the null hypothesis. 
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Table 8-13: ANOVA test for Contractors Variation Factors related to Quality 

ANOVA             

  Sum of 

Squares 

df Mean 

Square 

F Sig. 

CNC14 

 

 

Between 

Groups 

8.153 2 4.076 4.891 .010 

Within Groups 58.340 70 .833     

Total 66.493 72       

 

8.6.4 Variance Analysis for Scope  

It was also vital to test ANOVA for factors related to consultants’ view of project scope. 

Using the scores where p-value > 0.05, it was found that there were no significant differences 

identified between the views of the respondents for these factors, as shown in Table 8-14. The 

null hypothesis H03: β3 = 0 – which states that there is no statistically significant difference 

between the respondents' perceptions on ‘causes of variation related to Contractor issues’ 

based on the time period of the project’s phases with regard to scope – cannot be rejected 

because the p-values are significantly more than 0.05 for all factors except CNC 14.  

Table 8-14: ANOVA test for Contractor Variation Factors related to Scope 

ANOVA based on scope impact        

  Sum of 

Squares 

df Mean Square F Sig. 

CNC14 

  

  

Between 

Groups 

8.296 2 4.148 4.552 .014 

Within 

Groups 

63.786 70 .911     

Total 72.082 72       

 

8.6.4.1 Tukey Tests for CNC 14 

The Tukey tests for CNC 14 in Table 8-15 show the varied level of significance in the 

perception of scope between respondents, especially project managers and engineers, and 
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general management/Surveyors. There was no uniformity in the perception of scope between 

the three groups.  

Table 8-15: Tukey Tests for CNC 14 

CNC14    

Tukey HSD a,b    

 Job title N Subset for 

alpha = 0.05 

  

    1   

Project manager 42 2.26   

Managerial & Surveyor 12 2.83   

Engineer 19 3   

Sig.   .053   

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type 

I error levels are not guaranteed. 

 

 Variance Analysis of ‘External variation Factors’ 8.7

In this part, an ANOVA analysis was used in order to validate responses between different 

disciplines, and SPSS software was used to test if there were statistical differences with regard 

to variation in construction projects based on the causes related to the External factors, with a 

significance level of 0.05. 

 

8.7.1 Analysis of Variance for Time (Schedule) 

As shown in Table 8.16, the computations using alpha=0.05, observing the F-statistic and the 

p-value, and the ANOVA results revealed that there were some significant differences in the 

means of respondents’ opinions on the causes of variation related to the External factors based 

on factor EC5 ‘Inflation’ and EC6 ‘Fluctuation in prices of raw materials’. 
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With regard to the rest of the factors, it is clear in the table that there were no significant 

differences in the mean scores for respondents’ perceptions for these factors. To find out the 

statistical difference between the respondents’ views about factor EC5 ‘Inflation’ and EC6 

‘Fluctuation in prices of raw materials’, an ANOVA test was conducted; the result is shown in 

Table 8.16, where it can be seen that F=4.264 with p-value=0.018 for factor EC5 and F=3.894 

with p-value=0.025 for factor EC6, and this result indicates that there were significant 

differences between respondents’ perceptions about these two factors. 

Table 8-16: ANOVA test for the causes of variation related to the External factors 

 

Sum of 

Squares df 

Mean 

Square F Sig. 

EC5 

Between 

Groups 
6.411 2 3.206 4.264 .018 

Within 

Groups 
52.630 70 .752     

Total 59.041 72       

EC6 

Between 

Groups 
5.798 2 2.899 3.894 .025 

Within 

Groups 
52.120 70 .745     

Total 57.918 72       

 

8.7.1.1 Tukey Tests for EC5 and EC6 

Further examination of Tukey’s HSD post-hoc tests (Table 8.17) indicated that there is a 

difference in the mean scores between the groups of respondents. Factor EC5 has a significant 

difference between Project manager, Engineer and Managerial & Surveyor, whilst there is no 

significant difference between Project manager and Engineer. In contrast, for factor EC6 there 

is a significant difference between Project manager, Engineer and Managerial & Surveyor, 

but no significant difference between Project Manager and Engineer. 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

193 

Table 8-17: Post Hoc Tests – Factors EC5 and EC6 

Dependent Variable 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

EC5 

Project 

manager 

Engineer .164 .240 .773 -.41 .74 

Managerial 

& Surveyor 
-.726

*
 .284 .034 -1.41 -.05 

Engineer 

Project 

manager 
-.164 .240 .773 -.74 .41 

Managerial 

& Surveyor 
-.890

*
 .320 .019 -1.66 -.12 

Managerial 

& 

Surveyor 

Project 

manager 
.726

*
 .284 .034 .05 1.41 

Engineer .890
*
 .320 .019 .12 1.66 

EC6 

Project 

manager 

Engineer .135 .239 .838 -.44 .71 

Managerial 

& Surveyor 
-.702

*
 .282 .040 -1.38 -.03 

Engineer 

Project 

manager 
-.135 .239 .838 -.71 .44 

Managerial 

& Surveyor 
-.838

*
 .318 .028 -1.60 -.08 

Managerial 

& 

Surveyor 

Project 

manager 
.702

*
 .282 .040 .03 1.38 

Engineer .838
*
 .318 .028 .08 1.60 
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8.7.2 Analysis of Variance for Cost  

There was a need to test the variance for cost using the scores where p-value > 0.05; it was 

found that there were no significant differences identified between the views of the 

respondents for these factors, as shown in Table 8-18, except for factor EC6. 

 Hence, H04: β4 = 0 – which states that there is no statistically significant difference between 

the respondents' perceptions on ‘causes of variation related to External factors issues’ based 

on the time period of the project’s phases, for cost, is still accepted. The null hypothesis is still 

accepted for the causes of variation related to the contractors as far as cost is concerned. 

Hence, there was no need for further tests in order to determine the difference in specific 

means between the respondents using the Tukey test as one of the honest significant 

difference (HSD) tests.  

Table 8-18: ANOVA test for Contractor variation Factors related to Cost 

ANOVA for cost impact Sum of 

Squares 

df Mean 

Square 

F Sig. 

EC6 Between Groups 4.190 2 2.095 3.314 .042 

  Within Groups 44.248 70 .632     

  Total 48.438 72       

 

8.7.2.1 Tukey Tests for EC6 

Further examination of Tukey’s HSD post-hoc tests (Table 8.19) indicated that there is a 

difference in the mean scores ‘between the groups of respondents. Factor EC6 has a 

significant difference between Project manager, Engineer and Managerial & Surveyor, but no 

significant difference between Project Manager and Engineer. 
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Table 8-19: Post Hoc Tests – Factor EC6 

EC6    

Tukey HSD a,b   

Job title  N Subset for alpha = 0.05   

    1   

Project manager 42 3.14   

Managerial & Surveyor 12 3.5   

Engineer 19 3.68   

Sig.   0.1   

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 

error levels are not guaranteed. 

 

8.7.3 Variance Analysis for Quality   

It was also crucial to test ANOVA for quality factors related to contractors. Using the scores 

where p-value > 0.05, it was found that there were no significant differences identified 

between the views of the respondents for these factors, as shown in Table 4, Appendix A. 

Hence, the null hypothesis H04 that there is no statistically significant difference between the 

respondents' perceptions on ‘causes of variation related to External factors issues’ based on 

the time period of the project’s phases is still accepted, meaning that it cannot be rejected for 

quality. Therefore, there is no need for further tests in order to determine the difference in 

specific means between the respondents using the Tukey test as one of the honest significant 

difference (HSD) tests.   

 

8.7.4 Variance Analysis for Scope  

It was also vital to test ANOVA for factors related to consultants’ view of project scope. 

Using the scores where p-value > 0.05, it was found that there were no significant differences 
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identified between the views of the respondents for these factors, as shown in Table 8-20. The 

null hypothesis H04 that there is no statistically significant difference between the respondents' 

perceptions on ‘causes of variation related to External factors issues’ based on the time period 

of the project’s phases with regard to scope cannot be rejected because the p-values are 

significantly more than 0.05 for all factors except EC 9.  

Table 8-20: ANOVA test for External Variation Factors related to Scope 

ANOVA based on scope impact        

    Sum of 

Squares 

df Mean 

Square 

F Sig. 

EC9 

 

 

Between Groups 7.048 2 3.524 3.201 .047 

Within Groups 77.062 70 1.101     

Total 84.110 72       

 

8.7.4.1 Tukey Tests for EC9 

The Tukey tests for EC9 in Table 8-21 show the varied levels of significance in the perception 

of scope between respondents, especially Project managers and Engineers, and General 

management and Surveyors. There was some form of consistency and uniformity between 

Project managers and Engineers, but for the managerial and surveying officers their score was 

significantly different from the other groups; hence, the difference in the perception of scope 

between the three groups.  
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Table 8-21: Tukey Tests for EC9 

EC9    

Tukey HSD a,b    

Job title N Subset for 

alpha = 0.05 

 

    1 2 

Project manager 42 2.43   

Engineer 19 2.84 2.84 

Managerial & Surveyor 12   3.25 

Sig.   .453 0.462 

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 

error levels are not guaranteed. 

 

 Summary  8.8

This chapter has provided the data collected using one-way ANOVA in order to analyse the 

statistical differences among the groups’ responses. SPSS software and a significance level of 

0.05 were used for this analysis. The hypotheses test included computations using alpha=0.05, 

observing the F-statistic and the p-value, where each hypothesis was tested based on the 

research questions. In addition, Tukey’s HSD post-hoc tests have been used to find the 

significant differences between the respondents' perceptions about these factors. The results 

showed that there were a number of causes, which indicated that there is a statistical 

difference between the views of respondents about these factors; however, the total number is 

insignificant if calculated as a ratio of the total. Therefore, the overall picture shows that there 

are no significant differences between the respondents in the three groups. 
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9. CHAPTER NINE: MODELLING RESULTS  

 

 Introduction  9.1

This chapter explains the methodology adopted in the use of the regression analysis 

techniques to develop regression models that can help in the mapping process. The chapter 

also presents the methodology adopted in the application of stochastic modelling using Monte 

Carlo simulation techniques using the developed regression models. The chapter presents and 

discusses the results from the two modelling exercises. 

 

 The Modelling Methodology Process 9.2

For this research to implement the modelling theory articulated in chapters 4 and 5 it was 

important to explain the key steps that were taken, as summarised in Figure 9-1, and as the 

following steps: 

i. Firstly, there was a need to undertake the identification of the causes of variation and 

project success criteria within the KSA; 

ii. Secondly, there was a need to undertake the collection of primary information using a 

survey. Therefore, a questionnaire survey and cases studies were used as methods of 

collecting primary data with regard to causes of variation orders; 

iii. Thirdly, it was vital to undertake detailed analysis of the results which identified the 

greatest determinants of causes of variation. The analysis showed over 60 causes, 

which were ranked in descending order starting with the highest ranking to the lowest 

ranking. These were selected for further analysis for the development of the regression 

model using some of the methods articulated in chapters 4 and 5;  

iv. The fourth step involved the examination of the correlation within the data that was 

used in order to investigate the strength and direction of the relationships between the 

causes of variation and project success criteria. This was necessary in order to identify 

the most influential independent variables, and then investigate their relationships with 

the dependent variable (project success represented by percentage of duration 

overrun). Details from this exercise are presented in section 9.6 of this chapter; 
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v. Step 5: Having analysed the correlation between variables it was considered as not 

enough to assess the meaning behind the results. It was therefore important to use 

SPSS in order to find the optimum multiple regression equation that maps the cause of 

variation to project success proxy. The regression modelling is presented in sections 

9.7 and 9.8 of this chapter; 

vi. Step 6: The validity of the generated optimum regression model assumptions was 

checked. Assumptions concerning the linear regression model are discussed in section 

9.8; 

vii. Step 7: The generated model was tested and validated using data obtained from five 

projects implemented in KSA that were not used in the development process of the 

regression model. See section 9.9 for details and discussion on the results from the 

testing.  

viii. Step 8: After the model was calibrated and tested, the stochastic Monte Carlo 

simulation technique was used in order to examine the fitness of the developed 

regression model in more complex systems where a system can be sampled in a 

number of random configurations to generate data that can be used to describe the 

system as a whole. This process is presented in this chapter.  
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STEP ONE

IDENTIFICATION OF CAUSES OF VARIATIONS

Research Process to 

Modelling process

Causes of Variations

Project Success criteria 

In Saudi Arabia

(Secondary Data)

Feed into 

Survey?

Questionnaire 

Survey
Case Studies

End of Modelling 

Process

Yes/No
Yes/No

Identification 

of Causes

Identification 

of Success 

Criteria

Literature Literature

Yes/No

Data for 

simulation

Data on Causes 

of Variations

(Data Analysis)

Is data valid?

Testing ANOVA
No

Detailed Analysis 

of all factors;

Ranking the 

factors

No

Analyse 

Correlation 

between the 

factors 

Multiple 

Regression 

Analysis on 

the Data 

using SPSS

Optimum Regression 

Models; Assumptions,

Linear Regression Models 

Using @Risk Software

Model Validation 

using 5 Real 

projects 

Model Calibrated and tested 

using stochastic approach

�Monte Carlo Simulation 

STEP TWO

COLLECTION OF PRIMARY INFORMATION

STEP THREE

DETAILED ANALYSIS OF RESULTS

STEP FOUR

CORRELATION ANALYSIS BETWEEN

STEP FIVE

MULTIPLE REGRESSION ANALYSIS

STEP SIX

OPTIMUM REGRESSION

STEP SEVEN

MODEL VALIDATION

STEP EIGHT

MODEL CALIBRATION AND TESTING

Modelling 

Process

 

Figure 9-1: Abstraction of the research process combined with the modelling of project 

factors using @Risk software 
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 Case Study Data Presentation and Analysis  9.3

In addition to the questionnaire, this research collected data from 18 projects. These projects 

were different building projects had been constructed in Saudi Arabia. The data format is 

designed with the aim of obtaining general background information about the project cost, 

duration of the construction, size of the project, type of project and how a particular project is 

affected by the causes of variation. The raw data of the 18 projects is shown in Appendix C. 

The descriptive statistics of the project data are shown in Table 9-1 for an example of 

descriptive statistics. The percentages of the project cost and duration overrun figures were 

calculated for each project case study. 

Table 9-1: Results for Descriptive Statistics 

Construct   Mean Std. Deviation 

dur% 20.2076 19.22162 

e cost/surface 2196.724 1194.1549 

CNC6s .333 .3835 

CC2s .472 .4012 

CC9s .72 .461 

CNC8s .528 .4012 

OC13s .4259 .37583 

CNC9s .500 .4537 

OC8s .6111 .36604 

CNC3s .5185 .23493 

CNC16s .639 .3760 

OC16s .278 .3524 

EC11s .3889 .28583 

OC5s .5185 .26127 

CC1s .6111 .28583 

EC2s .3519 .31253 

CNC10 .5000 .34773 

CC11s .333 .4201 

OC4s .5556 .39606 

OC6s .7222 .26197 

CC4s .6852 .26746 
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The percentage of duration from the case study is computed using the following simple 

equation 9-1. This basically meant that data from the 18 projects was categorised into 

estimated duration and actual duration in order to establish the final duration of the project at 

the time of the research.  

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 = 𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 − 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 

Equation 9-1: Equation for estimating the Duration overrun for the 18 case study 

projects 

 

The raw data from the 18 projects are presented in Figure 9-2, which shows that six projects 

had a contract duration of over 700 days, meaning that in real terms the projects were 

estimated to be about 24 months – plus or minus a few weeks. The shortest duration for the 

case study was slightly over 180 days – about six months’ contract duration.  

 

 

Figure 9-2: Project duration for all the 18 case study projects used in the research  
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Adopting a comparative analysis of projects with different durations has a likelihood of 

distorting the meaning behind the data. For instance, a project with six months’ duration 

cannot easily be compared with one with a duration of 24 months because their structure 

could be totally different, hence making the comparative analysis of the data a bit weaker. 

Instead of presenting project duration overrun against the actual schedule for each case study, 

it was prudent to standardise the data by adopting an approach that can create duration 

overrun as a percentage of the actual duration. By so doing, project duration overran as a 

percentage of overall duration creates data that make projects comparable. Equation 9-2 

depicts the processing of data from the 18 case studies in order to arrive at the percentage of 

project duration overrun.  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 =  
𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑂𝑣𝑒𝑟𝑟𝑢𝑛

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
𝑋100 

Equation 9-2: Equation for the estimation of project duration overrun as a percentage of 

estimated project duration  

 

The results of computing data using Equation 9-2 show that projects 5 and 7 had overrun their 

schedule by more than 50%; while the next tier of overruns were projects 3, 12 and 18, which 

had overrun between 30% and 50% overall – see Figure 9-3 for details.  

 

 

Figure 9-3: Project overrun as a percentage of the overall cost  
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The data presented in Figure 9-3 also shows that there were seven (7) projects that had 

overrun by between 20% and 30%; only two projects had an overrun of less than 10%. Based 

on this information, it can be argued that duration overrun has been a serious issue for the 

projects used in the case study. 

Another cardinal issue to assess was the cost of each project. Figure 9-4 summarises the 

profile of costs for the 18 projects. Notice, though, how the cost of project 8 dwarfs the cost 

of the other projects in comparative terms, making it difficult to undertake a meaningful 

analysis.  

 

 

Figure 9-4: Aggregate cost in S.R. of the 18 projects used as case studies  

 

Therefore, it was reasoned that if the cost values are used as reported there could be a 

distortion in the equation terms that will represent the relations between causes of variations, 

and that the variables causing cost variations could be difficult to pinpoint. Thus, the costs 

were normalised using the surface area of each project using equation 9-3 

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 𝑃𝑒𝑟 𝑀2  =
𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐶𝑜𝑠𝑡

𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎
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Equation 9-3: Normalised cost of the project per square metre 

 

Figure 9-5 presents information after cost normalisation using equation 9-3 where cost is 

expressed per square metre of the project, making the projects more comparable. It can be 

observed that projects 16 and 18 had the highest value per square metre, ranging between 

4000 and 5000 Saudi Riyals. The second highest tier of cost per square metre for projects was 

4 and 15, with a range of 3000 and 4000 Saudi Riyals. The third tier, which ranged between 

2000 and 3000 Saudi Riyals, had four projects while the fourth tier, which ranged between 

1000 and 2000 Saudi Riyals, had eight projects. The final and lowest tier of 0 to 1000 Saudi 

Riyals per square metre had only two projects.  

 

Figure 9-5: Cost of projects per square metre of the project area  

 

Using the information on cost per square metre of project, it was possible to assess the impact 

of variation orders using a scale of 1 to 4. The estimation of the impact of causes of variation 

orders used a scale between 1 and 4 in order to create a level of homogeneity between the 

case study projects; hence, the estimate of each cause of variation is normalised using the 

following equation 9-4.  

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝐼𝑚𝑝𝑎𝑐𝑡 =
(𝑥 − min 𝑣𝑎𝑙𝑢𝑒)

(max − 𝑚𝑖𝑛)
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Equation 9-4: Equation for normalising the causes of variation orders on project costs  

 

Figure 9-6 shows the variance in the actual cost divided by actual duration, where project 8 

has the highest score with over 500,000 Saudi Riyals, followed by project 9, which was 

approximately 150,000 Saudi Riyals. Using the information from the rest of the projects it 

could be seen that they were dwarfed by the data from these two projects.  

 

Figure 9-6: Ratio of actual cost divided by actual duration  

 

Based on the information from the 18 case studies, it is possible to advance the following 

arguments: 

i. Estimated project durations and cost: Figure 9-6 showed that the duration of the 

studied projects is not characterised by outlier cases. However, there appears to be one 

project that has high estimated cost compared to the other projects in the set. This may 

have an impact on the regression results. Thus, it was decided to use the cost per m
2
 

unit in the regression. This should overcome the problem of outlier cases. 
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ii. Percentage of duration overrun: Figure 9-3 showed that most of the projects were 

subjected to duration overrun. This finding reinforces the use of the duration overrun 

as a proxy for assessing the causes of variation.  

iii. Ratio of actual duration to cost: Figure 9-6 shows that one project has a very high 

ratio. However, this ration is not used in the regression.   

iv. Ratio of estimated cost to surface area: the figure 9-5 shows that the majority of 

projects have a cost duration ratio higher than 2000SR. This uniformity will help in 

extracting highly significant regression equations to represent the causes of variety.  

Using the information from case studies, and the literature review (chapters 2 and 3), it was 

possible to identify key variables that needed further investigation. For example, the data for 

the variables in Table 9-2 was used to derive mathematical relationships between the causes 

of variation and a select predictor of project success criteria. The variation causes selected for 

this purpose are extracted from the questionnaire analysis data (see Chapter 7). They are 

basically selected on their overall ranking importance in the KSA context as viewed by the 

survey respondents. Table 9-3 shows the causes of variation that were selected for further 

investigation in the multiple regression tests. Section 9.4 onwards presents the analysis of the 

information using mathematical modelling of factors attributed to causing variation orders. 

 

 Selection of Significant Causes of Variation Input  9.4

It is not possible to use all of the causes of variation, 64 in total number, as independent 

variables to assess the project success using regression analysis techniques. This would result 

in overcomplicating the modelling process. It is, however, possible to search for a small 

number of variables that would represent or explain the majority of the variation in the data. 

The descriptive statistical analysis of the survey results, as presented in Chapter 7, identified 

many factors but showed that over 60 variables caused variations. These were considered by 

the questionnaire respondents to be highly significant in causing variations in construction 

projects in KSA. 

Thus, these are selected for further investigation. To select only a significant number of 

variables, 'Pearson' linear correlation is used in order to identify those independent variables 

that are highly correlated with project success criteria (duration overrun is used here as a 

proxy for project success). Also, the importance of variables ranking is taken into 
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consideration. Table 9-3 shows the list of the causes of variation independent variables that 

were considered to be highly correlated to the dependent variable considered to be highly 

correlated with project duration overrun. Following are observations about the correlation in 

Table 9-3: 

 

 Fourteen independent variables were found to have strong direct linear relationships to 

the dependent variable (duration %). This is because they have correlation coefficients 

ranging between (0.17 < R < 0.46); 

 Six independent variables were found to have strong indirect linear relationships to the 

dependent variable (duration %). This is because they have correlation coefficients in 

the range of (- 0.18 < R < -0. 3). 

The relationship between the independent variables is also important from the point of view 

of regression modelling. Thus, the correlation matrix for the selected causes of variation is 

produced. Table 9-2 shows the result. The author draws the following observation from the 

table: 

i. The independent variables are highly correlated to each other. Therefore, the extracted 

regression equation will be assessed for possible collinearity violation in the 

regression analysis and modelling process.  

Table 9-2 shows the independent variables that are most correlated with the dependent 

variable. 
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Table 9-2: Correlation of Dependent and Independent variables causing variation orders  

 

 

dur% e cost/surface CNC6s CC2s CC9s CNC8s CNC9s OC8s OC16s EC2s CNC10 CC11s OC4s OC6s CC4s

Pearson Correlation 1 -.084 .463 .387 .371 .368 .310 .295 .223 .171 -.188 -.247 -.274 -.295 -.298

Sig. (2-tailed) .740 .053 .113 .130 .133 .210 .235 .373 .497 .456 .323 .272 .234 .230

Pearson Correlation -.084 1 -.318 -.186 -.438 -.225 .183 .219 -.375 .027 -.359 -.102 -.071 -.426 -.235

Sig. (2-tailed) .740 .198 .459 .069 .368 .467 .383 .125 .916 .144 .687 .778 .078 .348

Pearson Correlation .463 -.318 1 .446 .555
*

.510
* .254 .070 .254 .273 .074 .000 -.258 -.098 -.255

Sig. (2-tailed) .053 .198 .064 .017 .031 .310 .783 .309 .274 .772 1.000 .301 .700 .307

Pearson Correlation .387 -.186 .446 1 .592
** .096 -.081 .389 .266 .395 .105 .233 .288 .202 .371

Sig. (2-tailed) .113 .459 .064 .010 .703 .750 .110 .286 .104 .677 .353 .247 .421 .130

Pearson Correlation .371 -.438 .555
*

.592
** 1 .203 .000 .368 .503

* .174 .061 -.253 .251 .298 .044

Sig. (2-tailed) .130 .069 .017 .010 .419 1.000 .133 .033 .490 .809 .311 .316 .230 .862

Pearson Correlation .368 -.225 .510
* .096 .203 1 .485

* -.056 .254 -.083 .597
** -.407 -.288 .171 -.371

Sig. (2-tailed) .133 .368 .031 .703 .419 .041 .826 .309 .745 .009 .093 .247 .497 .130

Pearson Correlation .310 .183 .254 -.081 .000 .485
* 1 .295 .184 -.277 .062 -.309 -.491

* .082 -.323

Sig. (2-tailed) .210 .467 .310 .750 1.000 .041 .234 .465 .267 .807 .213 .039 .745 .191

Pearson Correlation .295 .219 .070 .389 .368 -.056 .295 1 .051 -.276 -.282 -.319 .045 -.034 -.056

Sig. (2-tailed) .235 .383 .783 .110 .133 .826 .234 .842 .267 .256 .197 .859 .893 .826

Pearson Correlation .223 -.375 .254 .266 .503
* .254 .184 .051 1 .307 .080 -.066 -.047 .566

* .358

Sig. (2-tailed) .373 .125 .309 .286 .033 .309 .465 .842 .216 .752 .794 .854 .014 .144

Pearson Correlation .171 .027 .273 .395 .174 -.083 -.277 -.276 .307 1 -.210 .622
** .018 .067 .152

Sig. (2-tailed) .497 .916 .274 .104 .490 .745 .267 .267 .216 .402 .006 .945 .793 .547

Pearson Correlation -.188 -.359 .074 .105 .061 .597
** .062 -.282 .080 -.210 1 -.268 .095 .538

* .176

Sig. (2-tailed) .456 .144 .772 .677 .809 .009 .807 .256 .752 .402 .281 .708 .021 .486

Pearson Correlation -.247 -.102 .000 .233 -.253 -.407 -.309 -.319 -.066 .622
** -.268 1 .118 .000 .378

Sig. (2-tailed) .323 .687 1.000 .353 .311 .093 .213 .197 .794 .006 .281 .641 1.000 .122

Pearson Correlation -.274 -.071 -.258 .288 .251 -.288 -.491
* .045 -.047 .018 .095 .118 1 .252 .452

Sig. (2-tailed) .272 .778 .301 .247 .316 .247 .039 .859 .854 .945 .708 .641 .313 .059

Pearson Correlation -.295 -.426 -.098 .202 .298 .171 .082 -.034 .566
* .067 .538

* .000 .252 1 .544
*

Sig. (2-tailed) .234 .078 .700 .421 .230 .497 .745 .893 .014 .793 .021 1.000 .313 .020

Pearson Correlation -.298 -.235 -.255 .371 .044 -.371 -.323 -.056 .358 .152 .176 .378 .452 .544
* 1

Sig. (2-tailed) .230 .348 .307 .130 .862 .130 .191 .826 .144 .547 .486 .122 .059 .020

OC6s

CC4s

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).

OC16s

EC2s

CNC10

CC11s

OC4s

CC2s

CC9s

CNC8s

CNC9s

OC8s

Correlations

dur%

e cost/surface

CNC6s
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In summary, the following causes of variation are selected for further experimentation within 

SPSS to generate a multiple linear equation.  

Table 9-3: Summary of causes of variation selected for further experimentation with 

multiple linear equations  

 

 

 Modelling the Impact of Causes of Variation on the Duration of Projects  9.5

Within the buildings industry, the importance of early stage advice in minimising variation 

during the design and constructions of projects is widely accepted – as was explained in 

chapters 2 and 3. Variations can have a significant impact upon the project success criteria as 

defined in this study. Assessing the effects of design and construction variations on project 

duration will assist in minimising work disruptions and cost escalation. To model the 

relationship between duration overrun and causes of variation, this research proposes to use 

multiple regression (Chapter 4 presented an in-depth literature review on the use of regression 

in the construction sector). This study uses statistical analysis of key variables to derive a 

model and its components. It is a method by which the user can make estimates for a key 

variable using historical data from causes of variation case studies. This method of modelling 

is widely used in the construction sector and in particular for cost and duration forecasting 

(Boussabaine and Kirkham, 2002).  

The duration overrun due to variations can be modelled in a general input/output relationship 

shown in Equation 9-5: 

)5.9.(............).........( eqnxfy   

Equation 9-5: Input/output relationship for duration overrun  

 

 

factor Duration % factor  Duration  

CNC6s 0.463059 EC11s 0.206855 

CC2s 0.387093 OC5s 0.202592 

CC9s 0.370593 CC1s 0.181772 

CNC8s 0.367699 EC2s 0.171201 

OC13s 0.331185 CNC10 -0.1878 

CNC9s 0.31025 CC11s -0.24711 

OC8s 0.294689 CNC1s -0.26467 

CNC3s 0.282055 OC4s -0.27363 

CNC16s 0.225209 OC6s -0.29523 

OC16s 0.223286 CC4s -0.29776 
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Where x is the m-dimensional input (variation attributes) and y is the n-dimensional real 

output (percentage of duration overrun).  

The relationship between the input and output variables in the equation is determined by the 

state or context of variation in construction projects in KSA. The project outcome success 

criteria, e.g. duration, can be foreseen as a system governed by a range of variables but, in 

principle, if the complete state of the variation causes is known at some point in time, it 

should be possible to predict the project success outcomes in terms of cost, scope, quality and 

duration. However, because there may be an infinite relationship between the causes of 

variations on one hand and between variations causes and project success criteria on the other 

hand, this multidimensional relationship complicates the modelling of the problem being 

investigated mathematically. This is due to the complexity of the interrelationship variation 

variables involved in the building of the model (see influencing factors). This problem might 

be simplified by using a finite number of variation causes as the input and one of the project 

success criteria as the output of the state of the system. Therefore, based on an extensive 

statistical analysis (see chapters 2, 3 and 7), this work selected the 20 most influential (most 

occurring) variation causes as input to the system to predict the duration percentage in KSA 

construction projects. This relationship can be modelled in the following function: 

y(duration overrun%) = f(variation causes) 

)6.9.(....).........,...,( 21 eqnxxxfy n  

Equation 9-6: Model for the integration of variation causes to predict the duration 

percentage  

 

Given a number of variation causes over a period of time for a number of similar construction 

projects, it is possible to map the impact of these causes to duration overrun. In this research, 

several methods were experimented with. In the first instance, the relationship in Equation 9-7 

is assumed to be of a linear form:  

)7.9.(..........2211 eqnxbxbcy   

Equation 9-7: Linear equation testing the relationships between variables  
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Several other nonlinear forms of Equation 9-7 were investigated, because some of the 

variations causes might have a nonlinear relationship with project success criteria. However, 

the experiment results did not return a good fit. Thus, the experiments were abandoned and 

the multiple regressions in Equation 9-7 were adopted to simulate the impact of causes of 

variation on project success criteria.  

Several methods can be used to estimate the parameters or coefficients of the relations in 

Equation 9-7. As stated before, in this study multiple linear regressions (an expansion of the 

least squares regression method in that it involves more than one independent variable) are 

used to determine the coefficients. In this study a backward stepwise regression procedure 

was used in the SPSS to estimate the value of each of the Equation 9-7 parameters. That is, 

variation causes were removed one at a time until no further improvement was possible. The 

variation causes are removed based on their significance: the ones with the least significance 

are removed first and the model is refitted. The method is selected because it is claimed it has 

“an advantage over forward selection and stepwise regression because it is possible for a set 

of variables to have considerable predictive capability even though any subset of them does 

not. Forward selection and stepwise regression will fail to identify them. Because the 

variables don't predict well individually, they will never get to enter the model to have their 

joint behaviour noticed. Backwards elimination starts with everything in the model, so their 

joint predictive capability will be seen” (Dallal, 1999). 

 

 Modelling Results  9.6

As explained in section 9.5, a multiple regressions backward stepwise method was used to 

estimate the parameters in Equation 9-7. The purpose of the multi-linear models was to map 

variation causes into duration overrun in KSA projects. Table 9.3 shows the variation 

variables that were entered or removed at the different stages of simulation, whereas Table 9-

4 shows the summary of the results (i.e. regression weights and significance level of change) 

of variation cause for the different models. Note that in Table 9-4 all the variation variables in 

model 3 were significant. As illustrated in Table 9-2, the model summary shows the outputs 

of R2 that measure the goodness of fit for the estimated regression equation for each 

generated model. The R2 values explain the amount of variation in the data captured by the 

generated equations. It is noticeable in Table 9-4 the unadjusted multiple R2 is much higher 

than the adjusted multiple R2. This could be explained by the fact that a relatively small 
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number of causes of variation (only 18 cases) are used to derive the equation parameters. Note 

also the ANOVA table shows that the combination of variation of the independent variables 

in model are nearly significantly (F = 16.32, df = 14, sig.= .021 to be statistically significant 

the p value has to be <.05) predict for project duration overrun percentage. The significance 

of the F-statistic value in this research means that the variation explained by the model is not 

due to chance and that using the model in predicting duration overrun due to causes of 

variation is better than guessing the mean. Although the p-value is below ≤ 5%, at the same 

time the R2 value shows that model 3 accounted for approximately 93% of variation in the 

data sample. About 7% could not be explained by model 3 due to other variation factors that 

were not included in the model or due to natural random variations. The standard error 

estimate further illustrates the model fit.  

This test was used to measure the dependent variable dispersion around the mean. The error 

value is compared to the 'Standard Deviation' of the dependent variable. It is reported that its 

value should not exceed 10% of the dependent variable mean value. However, it has been 

reported that exceeding this limit is not essential in regression modelling (Gupta, 2000). The 

results in Table 9-9 show that the mean and standard deviation values of the dependent 

variable are 20 and 19 respectively. The standard error estimate of the selected model is 

approximately 5.2. This shows that error exceeds the 10% threshold value. 

For the purpose of simulation, this accuracy or significance is considered to be adequate 

(Boussabaine, 2010). This is because the variables in the equation will be used as random 

entities with fitted probability distributions. In theory, this should capture theoretical and 

practical variation in the data. However, several statistical checks and diagnostics are 

conducted to make sure the developed regression model is robust.   

Table 9-4: Summary of the regression model results  

MODEL SUMMARY 

Model R R Square 

Adjusted 

R Square 

Std. 

Error of 

the 

Estimate 

Change Statistics 

Durbin-

Watson 

R 

Square 

Change 

F 

Change df1 df2 

Sig. F 

Change 

1 .994a .987 .780 9.00963 .987 4.774 16 1 .347   

2 .994b .987 .890 6.37132 .000 .000 1 1 .992   

3 .994c .987 .927 5.20449 .000 .002 1 2 .970  1.990 

a. Predictors: (Constant), CC4s, CC9s, CNC10, EC2s, CNC9s, e cost/surface, OC4s, CC2s, EC11s, CNC6s, 

OC16s, OC8s, OC6s, CNC3s, CC11s, CNC8s 

b. Predictors: (Constant), CC4s, CC9s, CNC10, EC2s, CNC9s, e cost/surface, OC4s, CC2s, EC11s, CNC6s, 

OC16s, OC8s, OC6s, CC11s, CNC8s 

c. Predictors: (Constant), CC4s, CC9s, CNC10, EC2s, CNC9s, e cost/surface, OC4s, CC2s, CNC6s, OC16s, OC8s, 

OC6s, CC11s, CNC8s 
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Table 9-5: Summary of the analysis of variation of the regression model results  

ANOVA 

Model Sum of Squares df 

Mean 

Square F Sig. 

1 Regression 6199.826 16 387.489 4.774 .347b 

Residual 81.174 1 81.174     

Total 6280.999 17       

2 Regression 6199.812 15 413.321 10.182 .093c 

Residual 81.188 2 40.594     

Total 6280.999 17       

3 Regression 6199.739 14 442.839 16.349 .021d 

Residual 81.260 3 27.087     

Total 6280.999 17       

a. Dependent Variable: dur% 

b. Predictors: (Constant), CC4s, CC9s, CNC10, EC2s, CNC9s, e cost/surface, OC4s, CC2s, 

EC11s, CNC6s, OC16s, OC8s, OC6s, CNC3s, CC11s, CNC8s 

c. Predictors: (Constant), CC4s, CC9s, CNC10, EC2s, CNC9s, e cost/surface, OC4s, CC2s, 

EC11s, CNC6s, OC16s, OC8s, OC6s, CC11s, CNC8s 

d. Predictors: (Constant), CC4s, CC9s, CNC10, EC2s, CNC9s, e cost/surface, OC4s, CC2s, 

CNC6s, OC16s, OC8s, OC6s, CC11s, CNC8s 

 

 Significance of the Estimated Coefficients 9.7

The estimated coefficients determine the weight or contribution that each variable contributes 

to the estimation of the dependent variable. Table 9-6 below shows the estimated coefficient 

of the extracted regression model. The results show that all coefficients are significant at 90% 

confidence level. However, eight of the coefficients are significant at 95% confidence level. 

This confirms that eight out of the 13 selected variables are a good predictor of the duration 

overrun. Also, the 'significance' value of the estimated constant of regression is below 0.5 

(Sig. < 0.021), which is assumed to be reliable in defining the point of intercept in the 

regression equation. The table also shows that some causes of variation contribute positively 

to the duration overruns whereas others contribute negatively. The conclusion that might be 

drawn from these results is that the project duration overrun can be reduced if the causes of 

variation in the equation 9.11 are managed and controlled periodically to make sure that the 

variation is kept at bay. Managerial effort should be targeted towards the variables that have 

high coefficients as, theoretically; these are the ones that may cause large variation in the 

project cost and duration.  
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Table 9-6: Results for estimated coefficients extracted from regression models 

 

 

 

 

Coefficients
a
 

Model 

Unstandardized Coefficients Standardized Coefficients 

t Sig. 

95.0% Confidence Interval for B Correlations Collinearity Statistics 

B Std. Error Beta Lower Bound Upper Bound Zero-order Partial Part Tolerance VIF 

3 (Constant) 91.090 12.805   7.113 .006 50.337 131.843           
e cost/surface -.022 .003 -1.357 -7.915 .004 -.031 -.013 -.084 -.977 -.520 .147 6.815 
CNC6s -7.255 7.177 -.145 -1.011 .387 -30.095 15.585 .463 -.504 -.066 .210 4.754 
CC2s 36.244 8.280 .756 4.377 .022 9.891 62.596 .387 .930 .287 .144 6.926 
CC9s -42.522 10.003 -1.020 -4.251 .024 -74.356 -10.688 .371 -.926 -.279 .075 13.340 
CNC8s -2.857 9.690 -.060 -.295 .787 -33.694 27.980 .368 -.168 -.019 .105 9.484 
CNC9s 37.966 5.980 .896 6.349 .008 18.937 56.996 .310 .965 .417 .216 4.620 
OC8s 5.759 7.577 .110 .760 .503 -18.356 29.873 .295 .402 .050 .207 4.828 
OC16s -17.793 8.863 -.326 -2.008 .138 -46.000 10.414 .223 -.757 -.132 .163 6.123 
EC2s 90.109 13.236 1.465 6.808 .006 47.987 132.231 .171 .969 .447 .093 10.739 
CNC10 -29.572 10.630 -.535 -2.782 .069 -63.401 4.257 -.188 -.849 -.183 .117 8.575 
CC11s -79.193 9.914 -1.731 -7.988 .004 -110.744 -47.641 -.247 -.977 -.525 .092 10.886 
OC4s 15.424 6.023 .318 2.561 .083 -3.744 34.592 -.274 .828 .168 .280 3.571 
OC6s -45.645 11.821 -.622 -3.861 .031 -83.265 -8.024 -.295 -.912 -.254 .166 6.019 
CC4s 15.958 12.558 .222 1.271 .293 -24.006 55.922 -.298 .592 .083 .141 7.079 
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9.7.1 Testing for Correlations of the Independent Variables 

Table 9-7 below shows the result of correlation between the independent variables. As can be 

seen from the table, correlation between most of the independent variables is very weak. 

However, there were a few cases where the independent variables exhibited partial 

correlation. This may suggest that ‘multicollinearity’ may exist. Despite this, the inter-

associations among the independent variables are not very high. Thus, the effect of multi-

collinearity on the independent variable reliability is minimal, as shown in the collinearity 

diagnosis table below.  
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Table 9-7: Correlations between independent variables 

 

 

dur%

e 

cost/surfa CNC6s CC2s CC9s CNC8s CNC9s OC8s OC16s EC2s CNC10 CC11s OC4s OC6s CC4s

dur% .370 .026 .056 .065 .067 .105 .118 .187 .248 .228 .161 .136 .117 .115

e 

cost/surfa
.370 .099 .229 .035 .184 .234 .191 .062 .458 .072 .344 .389 .039 .174

CNC6s .026 .099 .032 .008 .015 .155 .392 .155 .137 .386 .500 .150 .350 .154

CC2s .056 .229 .032 .005 .352 .375 .055 .143 .052 .339 .176 .123 .211 .065

CC9s .065 .035 .008 .005 .209 .500 .066 .017 .245 .405 .155 .158 .115 .431

CNC8s .067 .184 .015 .352 .209 .021 .413 .154 .372 .004 .047 .123 .249 .065

CNC9s .105 .234 .155 .375 .500 .021 .117 .232 .133 .403 .106 .019 .372 .095

OC8s .118 .191 .392 .055 .066 .413 .117 .421 .134 .128 .099 .430 .447 .413

OC16s .187 .062 .155 .143 .017 .154 .232 .421 .108 .376 .397 .427 .007 .072

EC2s .248 .458 .137 .052 .245 .372 .133 .134 .108 .201 .003 .472 .397 .273

CNC10 .228 .072 .386 .339 .405 .004 .403 .128 .376 .201 .141 .354 .011 .243

CC11s .161 .344 .500 .176 .155 .047 .106 .099 .397 .003 .141 .321 .500 .061

OC4s .136 .389 .150 .123 .158 .123 .019 .430 .427 .472 .354 .321 .157 .030

OC6s .117 .039 .350 .211 .115 .249 .372 .447 .007 .397 .011 .500 .157 .010

CC4s .115 .174 .154 .065 .431 .065 .095 .413 .072 .273 .243 .061 .030 .010

Sig. (1-

tailed)
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9.7.2 Testing for Collinearity of the Independent Variables 

The phenomena of collinearity in regression analysis are associated with the inter-correlation 

among independent variables. Table 9.8 below shows the collinearity diagnosis. As can be 

seen, variables OC6s and CC4s exhibit a large condition index. According to Field (2013), 

“there are no hard and fast rules about how larger a condition index needs to be to indicate 

collinearity problems”. However, others (Guerad et al., 1989) have suggested that a 

“condition index greater than 30 for a given root (dimension) coupled with at least two 

variance proportions for individual variables greater than 0.5” would suggest the existence of 

collinearity. As can be seen from the last row in Table 9-8 below, only one independent 

variable (CC9s) has a variance proportion greater than 0.5. Therefore, one can assume there is 

not much evidence to suggest the existence of collinearity in the selected regression model. In 

any case, since the model will be used to conduct stochastic simulation, the results will not be 

affected by the noise of collinearity. This is because the value of each independent variable 

will be sampled randomly for its perspective distributions.   
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Table 9-8: Testing the Collinearity between variables 

 

 

 

 

(Constant)

e 

cost/surfa

ce CNC6s CC2s CC9s CNC8s CNC9s OC8s OC16s EC2s CNC10 CC11s OC4s OC6s CC4s

1 10.590 1.000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

2 1.187 2.987 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .02 .00 .00 .00

3 .863 3.503 .00 .01 .03 .00 .00 .00 .00 .00 .02 .00 .00 .00 .01 .00 .00

4 .631 4.096 .00 .01 .01 .00 .00 .00 .03 .00 .02 .00 .00 .01 .02 .00 .00

5 .530 4.470 .00 .00 .01 .02 .00 .01 .00 .02 .01 .00 .01 .01 .00 .00 .00

6 .483 4.684 .00 .00 .03 .00 .00 .01 .02 .00 .08 .00 .01 .00 .01 .00 .00

7 .245 6.571 .00 .03 .00 .02 .00 .00 .05 .01 .00 .04 .00 .04 .01 .00 .00

8 .164 8.027 .00 .00 .10 .15 .01 .00 .00 .00 .00 .01 .01 .01 .08 .00 .00

9 .105 10.037 .01 .00 .04 .02 .00 .02 .15 .03 .00 .00 .01 .00 .32 .00 .02

10 .078 11.658 .00 .06 .21 .02 .04 .01 .00 .05 .08 .04 .00 .01 .02 .02 .04

11 .071 12.229 .00 .00 .00 .01 .03 .17 .20 .14 .06 .02 .02 .03 .01 .01 .00

12 .025 20.775 .09 .01 .42 .07 .11 .09 .01 .27 .02 .03 .08 .00 .11 .12 .05

13 .013 28.104 .00 .17 .04 .01 .10 .10 .02 .01 .56 .17 .55 .43 .01 .23 .27

14 .010 32.574 .01 .29 .01 .38 .00 .03 .37 .46 .03 .55 .26 .07 .11 .61 .23

15 .005 46.378 .89 .43 .10 .30 .69 .55 .13 .00 .13 .12 .03 .37 .31 .00 .39

3

Collinearity Diagnostics
a

Model

Eigenvalu

e

Condition 

Index

Variance Proportions
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9.7.3 Examining Residuals using Scatter Plots  

In developing regression models, it is important to check that the linearity assumptions of the 

dependent and independent variables are followed. Generally, the assumptions relating to 

homoscedasticity, independence and normality of the residuals must not be violated. The 

residuals’ statistics results obtained from the regression simulation are illustrated in Table 9-

30. The results confirm the residual mean is zero.  

Table 9-9: Residuals’ Statistics 

 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value -3.3835 55.1744 20.2076 18.73176 18 

Residual -6.08941 7.83020 .00000 4.31180 18 

Std. Predicted Value -1.259 1.867 .000 1.000 18 

Std. Residual -.969 1.246 .000 .686 18 

a. Dependent Variable: dur% 

 

 

The developed model is also tested for homoscedasticity. To test this residual, a scatterplot is 

created to visually assess the assumption of homoscedasticity between the predicted 

dependent variable dur% and the errors of prediction. As illustrated in the figure below, there 

is no clustering or systematic pattern but the data is mainly a random displacement of scores. 

This indicates that the selected model has met the assumption of homoscedasticity. The 

pattern in Figure 9-7 is not detectable, which indicates the assumption of error term 

independence is not violated. 
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Figure 9-7:  Scatter plot for residual results from the model  

 

The normality of the residuals was also assessed using a histogram of the frequency of the 

standardised residuals, as illustrated in Figure 9-8. The figure suggests the frequency of the 

standardised residuals fairly follows the normal curve. This may imply that the standardised 

residuals are acceptably close to the normal curve and the normality assumption is not 

violated. 
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Figure 9-8: Histogram of the frequency of the standardised residuals 

 

The PP plot shown in Figure 9-9 indicates that the data points in the graph nearly follow the 

straight line. However, violating the normality assumption is not a major concern in this 

study. This is because the equation is going to be used for random sampling in Monte Carlo 

simulation.  
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Figure 9-7: Normal P-P plot of regression standardised residual for the dependent 

variable 

 

 Validation of the Model  9.8

Five cases were obtained for validating the derived equation. The mean absolute percentage 

errors (MAPE) (Equation 9-8) were used to test the validity of the model.  

)./%)100*
ˆ

(
1

n
x

xx
MAPE

n

i
i

ii

 




 

Equation 9-8: Mean absolute percentage errors 

 

Where: 

xi = actual % duration  
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ˆxi = predicted % duration  

n = total number of cases 

Average Accuracy % = 100% – MAPE     

 

𝑀𝐴𝐷 =  
1

𝑛
∑|𝑎𝑐𝑡𝑢𝑎𝑙 − 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑| 

Equation 9-9: Mean absolute deviation 

 

Where MAD meant the ‘mean absolute deviation’ Equation 9-9: the model was tested on five 

cases of building projects and their raw data are shown in Appendix C; the results of the 

actual project duration overrun against the results predicted from the model are displayed in 

Figure 9-9 the graph shows that the extracted model over-predicted in two cases. In project 2, 

the variation between the two values is significant. This anomaly could be due to the fact that 

in this project the value for CNC9S and OC8S variables is very high.  

 

Figure 9-10: Comparison between predicted duration overrun and the actual duration 

overrun  

 

The equations above are used to calculate the mean absolute percentage errors. The results are 

shown in Table 9-10 below. 
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Table 9-10: Results for the five case studies modelled using MAPE and MAD equations 

 

 

According to the above formula, the average percentage accuracy from the model is 37.8%. 

However, this anomaly or larger error could be due to the fact that the testing sample is very 

small. It is well known that the MAPE results are scale sensitive, this is because, when the 

actual value is quite small, the MAPE will often take on extreme values. Thus, to overcome 

this problem, the mean absolute error was used as well. This metric measures the error of each 

case. As can be seen in the table, although one case reported large error the average of the five 

cases returns an average of 28%.  

 

 Summary of the Regression Modelling  9.9

In the above section this research has sought to map project duration overrun into causes of 

variation using multiple regression analysis. The independent variables, i.e. the causes of 

variation, used in the regression modelling process were selected based on their significance 

contribution to the prediction of the dependent variable. Equation 9-10 shows the equation of 

the selected regression model to estimate the percentage of the duration overrun of 

construction projects in KSA is presented in the following:  

 

case predicted original absolate  % error absolute error

1 38.2 38.7 1.4 0.52

2 118.74 33.6 253.0 85.10

3 43.73 9.1 381.0 34.64

4 55 48.3 13.9 6.73

5 53.35 38.3 39.5 15.10

MAPE 137.8

Average Accuracy 37.8

Mean absolute error 28.41869676
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𝑑𝑢𝑟% = 91.09 − 0.22 ∗
𝑒𝑐𝑜𝑠𝑡

𝑚2
− 7.25 ∗ 𝐶𝑁𝐶6𝑠 + 36.25𝐶𝐶2𝑠 − 42.52 ∗ 𝐶𝐶9𝑠 − 2.86

∗ 𝐶𝑁𝐶8𝑠 + 37.97 ∗ 𝐶𝑁𝐶9𝑠 + 5.76 ∗ 𝑂𝐶8𝑠 − 17.79 ∗ 𝑂𝐶16𝑠 + 90.10 ∗ 𝐸𝐶2𝑠

− 29.57 ∗ 𝐶𝑁𝐶10 − 79.19 ∗ 𝐶𝐶11𝑠 + 15.42 ∗ 𝑂𝐶4𝑠 − 45.65 ∗ 𝑂𝐶6𝑠

+ 15.96 ∗ 𝐶𝐶4𝑠 

Equation 9-10: Regression model selected to estimate the percentage of the duration 

overrun 

 

The above equation has fulfilled the following statistical tests:  

i. F-statistic was found to be (Sig. < 0.05); 

ii. The adjusted R
2
 was 0.927; 

iii. Standard Error of the Estimate was 5.2; 

iv. The significance of the estimated coefficients was (Sig. < 0.10). The majority of 

variables have a significant of (Sig. < 0.05); 

v. Assumption of homoscedasticity was not violated; 

vi. The assumption of independence of the error term was not violated; 

vii. Assumption of normality was not violated (P-P plot of the residuals appeared to follow 

a linear line).  

As summarised in the above list, it appears that none of the main regression assumptions were 

violated. Thus, the above equation is adopted to simulate stochastically the impact of each 

cause of variation on duration overrun.  

 

9.9.1 Monte Carlo Simulation  

The theory behind Monte Carlo simulation was reviewed in Chapter 5. This section presents 

the methodology adopted in the application of stochastic modelling using Monte Carlo 
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simulation techniques used on the developed multiple regression equation in Chapter 4. The 

aim of this exercise is to obtain information on project success (in this case, project duration 

overrun percentage) based on best-fitted probability distributions for all possible output 

results from the simulation process. Monte Carlo simulation was used in the current research 

study to analyse the variation in the dependent variable (percentage of duration overrun) 

based on the developed regression model. The simulation process was conducted by 

repeatedly calculating output values for the dependent variable based on defined randomly 

selected input values for the independent variables (i.e. causes of variations; for the purpose 

of this exercise, the causes of variation are assumed to be uncertain). The output is generated 

as a probability distribution for the dependent variables, as a result of the random sampling of 

the independent variables can serve as aid decision-making information to optimise project 

success in KSA.  

The process adopted for conducting Monte Carlo simulation is portrayed in Figure 9-11 and 

summarised in the following steps: 

i. The regression model was entered in an Excel spreadsheet format using the 

risk analysis software @Risk;  

ii. Each independent variable of the developed regression model was represented 

in @Risk by the best probability distribution generated from the case studies.  

iii. Monte Carlo simulation was used to repeatedly sample random values from 

each of the independent variables or causes of variation. The simulation was 

conducted to include the number of optimum iterations that were reported in 

the literature;  

iv. The output value was tracked as probability distributions. The results were 

presented as graphs, histograms and descriptive statistics; 

v. The model is also tested for sensitivity and robustness in order to determine the 

most influential input variables on the dependent construct.  
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The result from the above simulation process can be helpful for decision-makers to optimise 

the design and construction of projects in KSA. They will use such a model in testing the 

sensitivity of project success outcomes based on the foreseen variation causes.   

Start

Causes of 
Variation 

Assumptions

Probability 
Distribution 

presentation in Monte 
Carlo Simulation

Results
Sensitivity 
Analysis

Duration % 
Prediction 

Model

Simulation of Duration 
% Overrun

 

Figure 9-8: The simulation development process  

 

9.9.2 Defining the Probability Distribution of the Input Variables  

As explained before, the data used to drive the modelling was extracted from 18 case studies; 

thus, for each input variable there were 18 sets of data from which a theoretical probability 

distribution could be fitted to many of the data frequencies. As shown in chapters 4 and 5, x 

and y, the independent variables (inputs), were quantified by a rating scale and then 

normalised to calibrate the scale between the input variables. Thus, all input values are in the 

range between 0 and 1. There are many forms and types of pre-defined probability 
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distribution functions that may be used to fit the case study data. In this research, @Risk 

software was used to find the best theoretical distribution that fit each input variable. The 

software used to model the theoretical distribution employs in excess of 40 continuous 

distributions to identify the highest-ranked theoretical representation of each input variable. 

For each input variable, the data sample from the case studies sample was analysed in the 

simulation software to find determine the best theoretical probability distribution to the actual 

data set. The @Risk software was used to conduct the fitting process. This was necessary in 

order to choose the distribution that has parameters closest to the original data set. Various 

distribution fits were investigated for their suitability to represent the input variables. Each 

distribution is tested and ranked using statistical goodness-of-fit tests. The following testes 

were used: 

 Chi-squared statistic  

 Anderson-Darling statistic 

 Kolmogorov-Smirnov statistic 

The distribution that was ranked first by Kolmogorov-Smirnov was selected. In addition to 

the above tests, several graphs were used to visually assess the fitness of the selected 

theoretical distributions:  

Density histogram/cumulative curve: permits a visual comparison of the fit between the 

theoretical distribution and original data set.  

Probability-Probability (P-P) plot: permits a visual inspection of the linearity fit between the 

plot of the P-values of the original data distribution against the P-values of the fitted. If the 

two are similar, one expects the two lines to be superimposed on each other.  

Quantile-Quantile (Q-Q) plot: permits comparison between the percentile values of the 

original data distribution and the percentile values of the fitted distribution.  

 

9.9.2.1 e-Cost per surface area 

Figure 9-12 demonstrates the fit comparison for e-cost/m2, while Figure 9-13 shows the 

probability-to-probability plot for e-cost/m2 – and Figure 9-14 outlines the quantile-to-

quantile plot for e-cost-surface. The data sample was analysed using probabilistic modelling 
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software and it was found that, using Kolmogorov-Smirnov goodness-of-fit tests, the 

exponential distribution was the first ranked distribution from available continuous 

distributions. The goodness-of-fit test parameters were:  

test fit value p-value  

K-S 0.2252 0.096 

 

 

Figure 9-9: Fit comparison for e-cost surface  
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Figure 9-10: Probability-to-probability plot for e-cost-surface  

 

 

Figure 9-11: Quantile-to-quantile plot for e-cost-surface  
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The exponential distribution is related to the discreet distribution, Poisson. According to 

Qasim (2010), generally the exponential distribution considers that “risk events are assumed 

to occur randomly in time (i.e. allow a Poisson process)”. This type of distribution is used to 

model credit risk and failure risks in engineering systems. It is also claimed that its main use 

lies in the modelling of random points in time for events (Kulkarni, 2016). 

 

9.9.2.2 CNC6S 

A fit comparison was undertaken for CNC6S ‘Lack of specialised construction manager’, as 

shown in figures 9-15, 8-16 and 8-17; the results for the goodness-of-fit test parameters were:   

test fit value p-value  

K-S 0.446 0 

 

The significance of the used distributions is described in the previous section.  

 

Figure 9-12: Fit comparison for CNC6S  
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Figure 9-13: Probability-to-probability plot for CNC6S 

 

 

Figure 9-14: Quantile-to-quantile plot for CNC6S 
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It means that the data sample was analysed in the probabilistic modelling software and it was 

found that, using Kolmogorov-Smirnov goodness-of-fit tests, the exponential distribution was 

the first ranked distribution from the available continuous distributions  

 

9.9.2.3 CC2S  

The data sample was analysed in the probabilistic modelling software for CC2S ‘Lack of 

coordination among project parties’, and it was found that, using Kolmogorov-Smirnov 

goodness-of-fit tests, the uniform distribution was the first ranked distribution from the 

available continuous distributions. The goodness-of-fit test parameters were:   

test fit value p-value  

K-S 0.2807 0.067 

 

Uniform distribution is a symmetric probability distribution (Figures 9-18, 9-19 and 9-20). 

The adoption of this distribution to present CC2S suggests that a finite variation of values is 

equally likely to be observed. Although the goodness-of-fit test parameters are good, the PP 

and QQ plots showed that this distribution is not a perfect much. However, it is unlikely that 

this will have an impact on the results.  
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Figure 9-15: Fit comparison for CC2S  

 

 

Figure 9-16: Probability-to-probability plot for CC2S  
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Figure 9-20: Quantile-to-quantile plot for CC2S  

 

9.9.2.4 CC9S 

The data sample was analysed in the probabilistic modelling software for CC9S ‘Consultant’s 

lack of experience and specialist’ – summarised in Figures 9-21, 9-22 and 9-23 – and it was 

found that, using Kolmogorov-Smirnov goodness-of-fit tests, the triangular distribution was 

the first ranked distribution from the available continuous distributions. The goodness-of-fit 

test parameters were: 

test fit value p-value  

K-S 0.722 0 

 

The triangle distribution is used as a rough modelling tool to represent data. Although it has 

no theoretical basis, this distribution is used extensively in the construction industry to 

estimate cost. This is because it “offers considerable flexibility in its shape, coupled with the 

intuitive nature of its defining parameters and speed of use” (Qasim, 2010).  
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Figure 9-17: Fit comparison for CC9S2 

 

 

Figure 9-18: Quantile-to-quantile plot for CC9S2  
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Figure 9-19: Probability-to-probability plot for CC9S 

 

9.9.2.5 CNC8S 

The data sample was analysed in the probabilistic modelling software for ‘CNC8s 

‘Contractor's commitment to several projects at the same time with limited resources and 

potentials, and it was found that, using Kolmogorov-Smirnov goodness-of-fit tests, the 

uniform distribution was the first ranked distribution from the available continuous 

distributions. The goodness-of-fit test parameters were (see figures 9-24, 9-25 and 9-26): 

test fit value p-value  

K-S 0.2807 0.067 

 

The significance and used usage of the distribution is described in the previous section.  
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Figure 9-20: Comparison for CNC8S 

 

 

Figure 9-21: Probability-to-probability plot for CNC8S 
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Figure 9-22: Quantile-to-quantile plot for CNC8S 

 

9.9.2.6 CNC9S 

The data sample for CNC9s ‘Contractor’s financial difficulties’ was analysed in the 

probabilistic modelling software and it was found that, using Kolmogorov-Smirnov goodness-

of-fit tests, the uniform distribution was the first ranked distribution from the available 

continuous distributions. The goodness-of-fit test parameters were (see figures 9-26, 9-27 and 

9-28):  

test fit value p-value  

K-S 0.3363 0.015 

 

The significance and used usage of the distribution is described in the previous section. 

 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

241 

 

Figure 9-23: Fit comparison for CNC9S  

 

 

Figure 9-24: Probability-to-probability plot for CNC9S  
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Figure 9-25: Quantile-to-quantile plot for CNC9S  

 

9.9.2.7 OC8S 

The data sample for OC8s ‘Mode of financing and payment for completed work’ was 

analysed in the probabilistic modelling software and it was found that, using Kolmogorov-

Smirnov goodness-of-fit tests, the triangular distribution was the first ranked distribution from 

the available continuous distributions (figures 9-30, 9-31 and 9-32). The goodness-of-fit test 

parameters were:   

test fit value p-value  

K-S 0.333 0.006 
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Figure 9-30: Fit comparison for OC8S  

 

 

Figure 9-26: Probability-to-probability plot for OC8S 
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Figure 9-27: Quantile-to-quantile plot for OC8S 

 

9.9.2.8 OC16S 

The data sample was analysed for OC16s ‘Rigidity of Public works contract’ in the 

probabilistic modelling software and it was found that, using Kolmogorov-Smirnov goodness-

of-fit tests, the exponential distribution was the first ranked distribution from the available 

continuous distributions (figures 9-33, 9-34 and 9-35). The goodness-of-fit test parameters 

were:  

test fit value p-value  

K-S 0.5 0 

 

 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

245 

 

Figure 9-28: Fit comparison for 0C16S 

 

 

Figure 9-29: Probability-to-probability plot for 0C16S 
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Figure 9-30: Quantile-to-quantile plot 0C16S 

 

9.9.2.9 EC2S 

The data sample was analysed for EC2s ‘Socio-cultural factors’, using the probabilistic 

modelling software and it was found that, using Kolmogorov-Smirnov goodness-of-fit tests, 

the exponential distribution was the first ranked distribution from the available continuous 

distributions (figures 9-36, 9-37 and 9-38). The goodness-of-fit test parameters were: 

test fit 

value 

p-value  

K-S 0.3554 0 
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Figure 9-31: Fit comparison for EC2S 

 

 

Figure 9-32: Probability-to-probability plot for EC2S  
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Figure 9-33: Quantile-to-quantile plot for EC2S 

 

9.9.2.10 CNC10 

A similar test was undertaken for CNC10s ‘Neglecting risk management procedure’. The data 

sample was analysed in the probabilistic modelling software and it was found that, using 

Kolmogorov-Smirnov goodness-of-fit tests, the Weibull distribution was the first ranked 

distribution from the available continuous distributions (figures 9-39, 9-40 and 9-41). The 

goodness-of-fit test parameters were:   

test fit 

value 

p-value  

K-S 0.297 0 

 

Weibull distribution deals with life expectancy, life cycles, future forecasting and 

deterioration of physical components. It has also been used to model variation in wind speed.  
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Figure 9-34: Fit comparison for CNC10  

 

 

Figure 9-40: Probability-to-probability plot for CNC10  
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Figure 9-35: Quantile-to-quantile plot for CNC10  

 

9.9.2.11 CC11S 

For the factor CC11s ‘The objectives of the project are not well defined’, it was possible to 

examine the goodness of fit as well. The data sample was analysed in the probabilistic 

modelling software and it was found that, using Kolmogorov-Smirnov goodness-of-fit tests, 

the logistic distribution was the first ranked distribution from the available continuous 

distributions (figures 9-42, 9-43 and 9-44). The goodness-of-fit test parameters were:   

test fit 

value 

p-value  

K-S 0.3196 0 

 

The logistic distribution has been “fit to quite a number of finance and insurance variables, for 

example: the duration of claim for income protection insurance (i.e. time until claimant 

returns to work); residuals for a time series regression of agricultural product values; 

insurance losses; natural catastrophe claims” (Qasim, 2010). As can be seen from this 

quotation, this type of distribution is suitable for a range of problems.  
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Figure 9-36: Fit comparison for CC11S 

 

Figure 9-37: Probability-to-probability plot for C11S 
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Figure 9-38: Quantile-to-quantile plot for CC11S 

 

9.9.2.12 OC4S 

It was also possible to simulate the factor OC4s ‘Obstacles in project’s site haven't been 

solved before starting the project’; the data sample was analysed in the probabilistic 

modelling software and it was found that, using Kolmogorov-Smirnov goodness-of-fit tests, 

the logistic distribution was the first ranked distribution from the available continuous 

distributions (figures 9-45, 9-46 and 9-47). The goodness-of-fit test parameters were:   

test fit 

value 

p-value  

K-S 0.1942 0.015 
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Figure 9-39: Fit Comparison for OC4S 

 

 

Figure 9-40: Probability-to-probability for OC4S  
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Figure 9-41: Quantile-to-quantile plot for OC4S 

 

9.9.2.13 OC6S 

OC6s ‘Lowest bidding procurement method’ was also assessed; the data sample was analysed 

in the probabilistic modelling software and it was found that, using Kolmogorov-Smirnov 

goodness-of-fit tests, the logistic distribution was the first ranked distribution from the 

available continuous distributions (figures 9-48, 9-49 and 9-50). The goodness-of-fit test 

parameters were:   

test fit 

value 

p-value  

K-S 0.2953 0 
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Figure 9-42: Fit comparison for OC6S 

 

 

Figure 9-43: Probability-to-probability plot for OC6S 
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Figure 9-50: Quantile-to-quantile plot for OC6S 

 

9.9.2.14 CC4S 

The data for factor CC4s ‘Inaccurate estimation of implementation cost’ was analysed in the 

probabilistic modelling software and it was found that, using Kolmogorov-Smirnov goodness-

of-fit tests, the Laplace distribution was the first ranked distribution from the available 

continuous distributions (figures 9-51, 9-52 and 9-53). The goodness-of-fit test parameters 

were:   

test fit 

value 

p-value  

K-S 0.283 0 

 

Laplace distribution is characterised by being “symmetrical and more “peaky” than a normal 

distribution”. According to Qasim (2015), “it has recently become quite popular in modelling 

financial variables (Brownian Laplace motion) like stock returns because of the greater tails”. 

The PP and QQ plots show this distribution fits the CC4S original data very well.  
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Figure 9-44: Fit comparison for CC4S 
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Figure 9-45: Probability-to-probability plot for CC4S 

 

Figure 9-46: Probability-to-probability plot for CC4S 

 

 Results of Simulation  9.10

The simulation model is developed based on a series of iterative steps. Figure 9-54 shows the 

successive processes that were used in the development of the model before running Monte 

Carlo simulation. Identifying the input assumptions is described in section 9.4 in this chapter. 

The model development involves the following processes:  

 Manipulation and transformation of input assumptions (that is, the causes of 

variations) for suitable input into the Monte Carlo simulation model (see section 

9.9.1). 

 Development of multi-regression association (between duration overrun and causes of 

variation) model. This association equation is used to drive the simulation process. 

  Monte Carlo simulation of yearly forecast present values over the series life. 

  Monte Carlo simulation of the overall project duration overrun.  
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  Analysis of the sensitivity of the input probability distributions. 

 

Figure 9-47: Successive steps used in creating a model using @Risk software  

 

The simulation model takes the form of a simple spreadsheet. For example, Figure 9-54 

shows the data input process by pointing to the probabilistic representation of stochastic 

assumptions of one of the input variables in the spreadsheet model (in this case, variable 

CC11s). Using the input probability distributions for each of the causes of variation, the 

percentage of duration overrun was computed based on the generated association formula (see 

section 9.3). Monte Carlo simulation was used for 5000 iterations to derive the percentage of 

duration probability distribution for the project being assessed. The distribution was then 

tested in the simulation software against the theoretical distributions. The results of the 

simulation are presented in Table 9-11; they showed that the duration overrun percentage is 

best represented by Johnson SB theoretical probability distribution.  

This distribution is related to the family of lognormal distributions. Its use is attractive 

because of its ability to deal with variates constrained by extremes. It has been used in several 

fields, including modelling air pollution, rainfall and occupational exposure. To validate this 

deduction, a goodness-of-fit test is carried out to assess formally the quality of the simulated 

distribution. The results are shown in Table 9-11 and Table 9-12. As can be seen in the tables, 

since the statistic test value (0.02297) is significantly lower than the critical values for level of 

significance shown in the tables under each of the tests, the selected distribution is accepted at 
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all alpha levels. Hence, there is no reason to believe – based on this evidence and tests – that 

the selected distribution does not provide a good fit for duration overrun within the limits of 

the data and context of this research. Figure 9-55, Figure 9-56 and Figure 9-57 show a 

comparison between the fitted distributions for duration overrun based on both original and 

simulated data. The figures show that both original and simulated data fit Johnson SB 

theoretical probability distribution. This is further evidence to suggest that the developed 

regression model produces results that are similar to real cases.  

Table 9-11: Results from the Johnson SB theoretical probability distribution for 

duration overrun percentage simulation 

Johnson SB  

Kolmogorov-Smirnov 

Sample 

Size 

Statistic 

P-Value 

Rank 

694 

0.02297 

0.84891 

4 

a 0.2 0.1 0.05 0.02 0.01 

Critical 

Value 

0.04073 0.04642 0.05155 0.05762 0.06184 

Reject? No No No No No 

Anderson-Darling 

Sample 

Size 

Statistic 

Rank 

694 

0.47093 

5 

a 0.2 0.1 0.05 0.02 0.01 

Critical 

Value 

1.3749 1.9286 2.5018 3.2892 3.9074 

Reject? No No No No No 

Chi-Squared 

Deg. of 

freedom 

9 

2.4527 
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Statistic 

P-Value 

Rank 

0.98213 

2 

a 0.2 0.1 0.05 0.02 0.01 

Critical 

Value 

12.242 14.684 16.919 19.679 21.666 

Reject? No No No No No 
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Figure 9-48: Comparison between original duration overrun data and the simulated duration overrun data  

 

Original duration overrun data Simulated duration overrun data 
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Figure 9-49: Comparison between original duration overrun data and the simulated duration overrun data 
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Figure 9-50: Comparison between original duration overrun data and the simulated duration overrun data 
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Table 9-12: Comparison between original and simulated data distribution 

Dur% Distribution Parameters 

Original data Johnson SB 
g=0.86521  d=0.91876 

l=91.55  x=-8.0227 

Simulated  Johnson SB 
g=1.7034  d=1.226 

l=332.82  x=-15.094 

 

9.10.1 Trends 

The trend chart displayed in Figure 9-58 shows a series of layered certainty bands, each one 

representing a particular certainty level. The +/- 1 Std Dev certainty band, for example, 

reveals that more than 50% of the simulated duration overruns lies within the band. This is 

equivalent to choosing a 50% certainty level for forecasting duration overrun due to possible 

variation causes; the other certainty bands are shown by a connecting ‘ribbon’. The minimum 

and maximum end points of the certainty ranges can be obtained by looking at the value axis 

to the left of the chart area. The duration overrun (Figure 9-59) shows that the mean 

forecasted overrun is just above 60%. The trend graph of the input data shows that the bulk of 

data revolves around the +/- 1 Std Dev certainty band.  
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Figure 9-51: Trendline for certainty bands  

 

 

 

Figure 9-52: Trend line for duration overrun  
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9.10.2 Sensitivity Analysis  

The importance of correctly identifying the causes that lead to variation and duration overrun 

has been underlined on several occasions throughout this thesis. In order to assess the 

importance of the various causes of variation distributions on the forecasted percentage 

duration overrun, a sensitivity analysis is performed.  

 

 

Figure 9-60: Results for sensitivity analysis of change from base values for input 

variables  
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Figure 9-53: Results for sensitivity analysis of change from base values for input 

variables 

 

The sensitivity in Figure 9-60 and Figure 9-61 above shows the relative sensitivities of the 

causes of variation input probability distributions on the simulated forecasted duration 

overrun percentage. The figures demonstrate the influence that each input variable has on the 

particular forecast distribution (duration overrun percentage). During the simulation process, 

the software ranks the cost causes of variation assumptions according to their importance to 

each forecast distribution. 

The sensitivity chart displays these rankings as a bar chart, indicating which assumptions are 

the most important or least important to the model. Figure 9-61 shows that three assumptions 

– EC2s, CC11s and e-cost-surface – have the highest sensitivity ranking and are in effect 

considered the most inferential determinants of duration overrun, based on the context of this 

research data.  

Sensitivity analysis results were also demonstrated graphically using tornado charts. The x-

axis of the chart represents the percentage change in the estimated values of the output 

duration variation. The input affecting the output variable is illustrated on the y-axis. The 
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chart below summarises the impact that each input variable has on the output variable as a 

result of the conducted simulation analysis. This result is also influenced by the weight (this is 

the beta value from the regression analysis) associated with each input variable. The most 

significant input found to have an impact on the output was drawn at the top of the chart with 

the largest bar (in this case, EC2s and CC11s are the most dominant input variables). The 

magnitude of the impact that each input variable has on the output variable was compared 

from the size of the relevant bar that each input variable represents, and whether the impact is 

positive to the right or negative to the left of the centre line defines the direction of the 

relevant impact. Figure 9-62 shows that the magnitude of the effect of causes of variation on 

duration overrun is mainly positive.  

 

Figure 9-54: The magnitude of the effect of causes of variation on duration 

 

The results also show that 11 variation causes could be considered to be relatively 

insignificant to the sensitivity of the regression model results. The effect of the other causes of 

variation, which are not shown in the chart, on the target forecast or duration overrun is not as 

great as that of the ones shown. It should be noted, however, that causes of variation with 

little effect on duration overrun in this study might have a large effect if the regression 

equation weights are determined differently.   
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Other methods were also tested in performing sensitivity analyses on the duration overrun. 

The research used Multivariate stepwise regression to assess the changes in the duration 

overrun due to a unit of change in the input causes of variation. The coefficients computed for 

each cause of variation input were used to measure the sensitivity of the output to that 

particular cause of variation input distribution. Figure 9-63 shows the results. The figure 

shows that there are six causes of variation that have a positive effect on duration overrun. In 

particular, EC2s has a very high positive correlation with duration overrun. It is also 

noticeable that eight causes of variation have negative coefficients. This means that, as the 

value of each of these causes of variation increases, the value of the duration overrun 

decreases. This might suggest that these causes of variation have a low effect on duration 

overrun when their value is estimated as high. But, if their estimate impact is towards the 

lower band, their effect will still be noticeable.  

 

Figure 9-55: Causes of variation input used to measure the sensitivity of the output 

 

The research has also used the Spearman rank correlation coefficient to analyse the sensitivity 

of the output from the model to the causes of variation inputs. The higher the correlation 

between the input and the output, the more significant the input is in determining the output's 

value. The results are shown in Figure 9-64. The results collaborate with the sensitivity results 

based on regression. 
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Figure 9-56: Spearman rank correlation coefficient for analysis of the sensitivity of the 

variables  

 

9.10.3 Scenario Analysis 

Scenario analysis is also used to test the influence that a particular input variable has on the 

output based on the conditional median analysis. In this research, scenario analysis was used 

to identify the causes of variation (i.e. input variables in the simulation model) that 

significantly contribute to duration overrun in projects. In this work, the scenario target values 

that were used in the analysis were: 

 duration overrun > 75th percentile  

 duration overrun < 25th percentile  

 duration overrun > 90th percentile  

The results of this exercise are shown in Figure 9-65 and Figure 9-66 below.  
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Figure 9-57: Causes of variation in EC2s and CC11s 

 

 

Figure 9-58: Causes of variation in EC2s, CC11s and CC9s 
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Figure 9-65 and Figure 9-66 show that causes of variation for EC2s and CC11s were found to 

be significant when the overrun duration percentage is at or above the 75
th

 percentile value in 

their probability distributions, whereas EC2s, CC11s and CC9s were found to be significant 

when the overrun duration percentage is at or above the 90
th

 percentile value in their 

probability distributions. None of the input variables were found to be significant when the 

duration overrun is at or below the 25
th

 percentile value in their probability distributions 

 

 Summary  9.11

In this chapter, a regression model to assess the percentage of duration overrun due to causes 

of variation was developed using SPSS and utilising the data obtained from 18 project cases 

from KSA. The model’s independent variables, i.e. the causes of variation, were selected 

based on their significance and high correlation to the dependent variable. (i.e. percentage of 

duration overruns). This was necessary to improve the model’s statistical significance. Several 

tests were carried out on the model to test its reliability. The model had a significance of P < 

0.021. This at least indicates that the regression model is significant with a 95% level of 

confidence (in reality, the p value is close to a 99% significance level). Based on this result, 

the model is presumed fit for carrying out simulation. The model achieved a high adjusted 

coefficient of determination (R
2
 = 0.927), which means at least 93% of the variance in the 

estimated value of the dependent variable is captured by the developed regression model. 

In this chapter, a regression model has been used to assess the variability of project duration 

overrun in a stochastic manner. The application of probabilistic techniques in the context of 

causes of variation provides a great deal more information about the performance of projects 

than conventional deterministic methods. In this chapter, a rigorous and robust method for 

modelling the input probability distribution assumptions used in the regression model was 

attempted.  

The results revealed that a significant number of best-fitting theoretical distributions for 

causes of variation belong to logistic and exponential distributions. Generally, all the causes 

of variations assumption distributions were found to be represented by positively skewed 

theoretical distributions. The selected distributions were validated by the goodness-of-fit tests 

and the inspection of respective plots. The P-P plot and Q_Q revealed a relatively good fit for 

other regions of criticality for most of the causes of variation distributions. A systematic 

procedure was adopted here to transform these input probabilities into useable assumptions in 
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the simulation model. These were then used in the regression model to simulate the project 

duration percentage overrun.  

The sensitivities of the relative assumptions were assessed and then the results of this iterative 

process were used to optimise and generate the final duration overrun percentage probability 

distribution. Sensitivity analysis revealed that EC2s and CC11s causes of variation have a 

high impact on the output. It is interesting also to point out that both the output probability 

distribution and the original set of data for the project duration overrun percentage fit Johnson 

SB theoretical probability distribution. This is further evidence to suggest that the developed 

regression model produces results that are similar to real cases. The project duration overrun 

percentage distribution allows decision-makers to not only identify the range and variance of 

possible project durations, but also facilitates the quantification of the impact of causes at an 

early stage of project development. This type of analysis assists in developing realistic a 

project duration and budget. 
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10. CHAPTER 10: DISCUSSION OF THE FINDINGS 

 

10.1 Introduction  

The main aim of the research has been to investigate the variables that contribute to cost 

variation and to establish a model that could be used to estimate the impact of variation orders 

in construction projects in the Kingdom of Saudi Arabia (KSA). There was an observable gap 

in the body of knowledge on how to model variations in the construction industry of Saudi 

Arabia, considering that there have been economic structural changes that have triggered 

variations in many projects across the Kingdom (Ghafour, 2016; Husain, 2016). The 

criticality of managing project variations in the KSA has been exacerbated by the general 

complexities associated with the sources of variations and how varied the impact may be to 

various stakeholders such as client/owner, contractor, design/consultant and miscellaneous 

groups within the industry (Aziz, 2013). However, literature indicated that, once the source of 

a variation can be identified, it is possible to model the impact the variation may have on 

other stakeholders (ibid). Similarly, if the source of the variation is unknown, it is not possible 

to assess that variation against the impact it may have on all stakeholders of the project in 

terms of cost, time, quality and scope.  

This chapter therefore presents a discussion of the key research questions and themes 

analysed throughout this thesis. The first section presents a discussion on the findings from 

the literature review. This is followed by a discussion on the findings from the survey and 

cases studies. The last section presents a discussion of the research findings from the 

regression simulation modelling exercises. Throughout this chapter, implications of findings 

are discussed with respect to theory and practice.  

 

10.2 Sources and Causes of Variation  

The first research question is:  

“What are the main sources and causes of variation in construction projects in KSA?” 

This research question, in reality, contains two main points: firstly, it deals with the sources of 

variation; secondly, it addresses the causes of variation in construction projects. In order to 
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answer this research question, it was vital to split it into the said sections. The objective of 

this question is achieved through literature review and field study.  

10.2.1 Sources of Variation Causes 

There are three sources of information that form the core for responding to the research 

question with regard to the sources of variation. The first part of the discussion is based on the 

findings from the literature review, especially that found in Section 2.4 of the thesis. For 

example, Akinsola et al. ( 1994) argued that major sources for variations are project life cycle-

related; and they include how project variables such as cost, schedule, quality and scope are 

managed; and that these can be triggered by the way that the project scope has been agreed 

amongst the stakeholders (Ndihokubwayo and Haupt, 2009; Ssegawa et al., 2002). 

Accordingly, the variation causes can be classified based on the origin agent that initiates the 

variation (Thomas and Napolitan, 1994; Jawad et al., 2009; Mohammad et al., 2010).  

There are many stakeholders on projects within the KSA industry; however, the categorisation 

of stakeholders into owners, consultants, contractors and external factors has been seen to be 

prudent because literature supports the reasoning that these four categories cover nearly all the 

sources of variations (Oladapo, 2007; Ndihokubwayo and Haupt, 2009; Keane et al., 2010; 

Aziz, 2013; and Eigbe, 2016).  

From the literature review, it was found that there was no clear classification for the main 

sources of variations in the KSA, which was a critical indication of the need for the research. 

In addition, it was observed that the body of knowledge on sources of variations in the KSA 

did not explore how stakeholders have been dealing with the influence of variations on project 

outcomes. The only clear indication for the KSA has been that the industry experiences 

variations in the form of cost, time and changes in contract conditions, like many other 

industries around the world (Ibbs et al., 2001; Baxendale and Schofield, 1986; Ssegawaet et 

al., 2002). It is common to experience variations and alterations in projects from both the 

private sector and the public sector (Ibbs et al., 2001).  

On the other hand, from the information that was obtained from interviews with 

specialistsexperts working in the construction projects industry in KSA, and from the data that 

were collected from construction projects’ files as case studies, it was found that there is a 

common agreed understanding to categorise the source of variation in construction projects in 

KSA into four categories: the owner, the consultant, the contractor and the external factors. 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

277 

Therefore, according to all three bases set – the literature, results from the interviews and case 

study files – the researcher has classified the causes of variation in construction projects in 

KSA based on these four categories of its sources: the owner, the consultant, the contractor 

and the external factors. 

 

10.2.2 Respondents’ Perceptions on Causes of Variation   

The literature review under section 2.5 of this thesis indicates that the construction industry 

could face many causes and impacts of variations; however, the key determinant is the type of 

sub-sector in the project as well as the owner of the project (Keane et al., 2010). For the type 

of sub-sector, the issues relate to the complexity of the projects undertaken – these could be 

civil works or building works – and that the owner could be the government and or the private 

sector (Hester et al., 1991). From the perspective of managing variation orders, the causes and 

impacts could have a multitude of changes; hence, sections 6.9.3 to 6.9.6 of the thesis show 

the 64 main factors that were found to typify construction industries around the world. It was 

therefore imperative to assess the similarities or variances between the perceptions of the 

causes and effects of variation order factors with respect to project owners, consultants, 

contractors and external factors as set out by Aziz (2013). 

The following sub-sections provide a focused discussion about the most influential causes of 

variation in KSA construction projects. 

 

10.1.1.1 Causes of variation related to the owner 

From the survey analysis in Chapter 7 of the thesis, it was found that three major issues were 

highly ranked in terms of project owner attributes that make a significant contribution to 

owner-triggered cost of variations. These were “managerial corruption”, “inadequate planning 

led to change in project purpose and scope” and “additional works added by owner”. This 

shows that respondents were of the opinion that project owners were highly capable of 

negatively impacting projects through variations order. The survey indicated that, when 

projects are announced but there is no technical team that can plan for them by defining the 

purpose and scope, there is a high likelihood that this situation would trigger variation orders 

and failure would be a highly inevitable result. The case studies indicated this was a major 

problem for government-funded projects where the leaders were free to ask the project team 
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to do anything that they felt was necessary for the project even though the contractual 

agreements had been made prior to the commencement of the projects. The survey also 

brought out information that strongly suggested that the “additional work” factor triggered 

variations to a project. It tallies with the difficulties of managing scope of the work; as 

indicated by the results for research question 2; herein examined under section 10.3. 

Table 10-1 presents the ANOVA results summary for causes due to the project owner and 

those that are related to other project stakeholders such as consultants, contractors and factors 

that are external to the projects. Table 10-1 shows the results where the null hypothesis states 

that there was no statistically significant difference in the perception of variation causes. The 

results indicate that the null hypothesis was true, except in three cost-related factors: OC2, 

OC7, OC8 and OC16. The test has shown that there are significant differences in the way 

respondents perceived OC2: Change of implementing schedule by owner, OC7: Additional 

works added by owner, OC8: Mode of financing and payment for completed work, and 

OC16: The rigidity of public works contract. This shows that there is an element of 

uniqueness in the way the industry has structured the operations, from the project owner’s 

perspective. For instance, OC16 demonstrates that government involvement was an issue 

because the ministries were rigid in how they worked, hence the differences in perceptions 

related to the way they issued the orders. Additionally, the procedures to finance the projects 

as well as to control how change orders are issued can be a massive issue in the way variation 

orders are triggered. These findings confirm the view that the owner-related causes and 

impacts of variation orders have been noted to emanate mainly from the challenges relating to 

how to manage the owners’ desire to develop highly rated designs for their projects (Alnuaimi 

et al., 2009) that can be completed in record times with exceptional qualities (Akinsola et al., 

1997). Furthermore, this supports the view (Ismail et al., 2012) that variations of project costs 

triggered by the owner have led to a realisation that managing the design process is a 

significant way to reduce such costs; hence the impact of variation orders from project owners 

has been significant in ensuring that designs can be agreed as early as possible in the project 

life cycle (Alnuaimi et al., 2009) and that experienced professional teams are appointed to 

manage the design process (Akinsola et al., 1997). The other positive implication of variation 

orders has been the increase in the willingness of owners to agree financial agreements based 

on projected budgets for the agreed design in order to avoid cost escalation (Halwatura and 

Ranasinghe, 2013; Arain et al., 2008). The results from this study demonstrated that owners 

should be made aware of the impact of their actions (Ndihokubwayo and Haupt, 2009) but 
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also shown models that demonstrate the correlation between their influence on the project and 

the eventual cost impact to the project (Al-Dubaisi, 2000) so that better scope management 

strategies can be developed. 

 Table 10-1: Causes of variation related to Owner issues 

1- Causes of variation related to Owner Issues 

Research 

Question  

“What are the main causes of variation in construction projects in KSA?” 

Hypothesis  H01: β1 = 0. There is no statistically significant difference between the 

respondents' perceptions on "Impact of Variation causes on project success 

criteria (time, cost, quality and scope) related to Owner issues". 

H Α1: β1 ≠ 0. There is a statistically significant difference between the 

respondents' perceptions on "impact of variation causes on project success 

criteria (time, cost, quality and scope) related to Owner issues". 

Results  The ANOVA results indicated that, considering that there were 18 

variation causes from the project owner (OC 1 – 18), it was found that 

there were no significant differences between the scores for these factors 

from the ANOVA analysis except for the following factors:  

Cost related: OC2, OC7, OC8, and OC16. 

Researcher’s 

Observation 

The literature review about the sources of variations have been linked to 

the scores from the primary data for all possible sources categorised for 

project owners, consultants, contractors and external factors. The main 

differences can lead to the following observations: 

• There is a strong view about time or schedule from the consultants’ 

perspective as well as the contractors’ perspective. Their roles tend to rely 

heavily on the time factor for project performance; 

• The cost criteria were found to vary significantly because of the project 

owner and the external factors; this shows that the issue of cost is 

perceived in a different light by the owner than the sum total of 

consultants, contractors and the majority of external factors; 

• The issue of quality did not affect the project owner in the same way it 

concerned the consultants and contractors. This is important because the 

issue of poor quality may lead to consultants and contractors losing their 
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income from the project;  

• The issue of scope variation is mainly associated with the contractor and 

the external factors to a limited extent; 

• The project owners did not find the issue of scope to be significantly 

different from the consultants, which is an indication that they had a 

significantly similar view about scope. 

Conclusion  The null hypothesis Ha0 (p<0.05) was rejected for these factors: OC2, 

OC7, OC8, and OC16. 

 

The null hypotheses (H0: 1=0) - (p < 0.05) were retained for the other 

causes of variation due to owner.  

 

10.1.1.2 Causes of variation related to the consultants 

The results from the survey show that the consultant has an influence on variations with 

regard to cost, time, quality and scope and the way these factors are managed as a whole. For 

example, when consultants made “errors and omissions in design” or when they provided 

“inaccurate estimation of implementation cost” there was an impact in terms of project delay 

as well as the cost and quality of the work, which in turn triggered changes to the scope. 

Another vital ranking from respondents was the issue of “lack of consultant's knowledge of 

available materials and equipment” that were to be used on the projects in the KSA. Factors 

such as “consultant’s lack of experience and specialisms” as well as “lack of coordination 

among project parties” and the poor setting of “the objectives of the project that are not well 

defined” resulted in high numbers of “errors and omission in design”. Therefore, the common 

theme for variations triggered by consultants was that sources tend to be wider and more 

varied; but the employer may eliminate many of them if they assess the technical, 

behavioural and contextual capabilities of the consultants that are engaged to manage the 

projects on their behalf (Kerzner, 2013). 

Table 10-2 presents the ANOVA results summary for causes with regard to project 

consultants and those that are related to other project stakeholders such as owners, contractors 

and the factors that are external to the project.  

In order to compare the perceptions of variation causes and impacts between categories of 

consultants, owners, contractors and external factors, an ANOVA test was carried out on the 

null hypothesis that “There is no statistically significant difference between the respondents' 
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perceptions on impact of variation causes on project success criteria (time, cost, quality and 

scope) related to consultant issues”. Table 10-2 shows that the null hypothesis was true for all 

categories except three factors: CC3: Lack of consultant's knowledge of available materials 

and equipment, CC7: Insufficient working drawing details and CC16: Restriction of local 

construction codes. It was observed that, while other categories may not see the importance 

of materials and equipment as being critical, the consultants believed that CC3: Lack of 

consultant's knowledge of available materials and equipment, CC7: Insufficient working 

drawing details and CC16: Restriction of local construction codes could essentially make or 

break the project. This shows how the KSA industry manages the issues of materials and 

equipment logistics, and planning and building codes as well as the general practice of the 

designers, which have been seen as areas that could dictate the professionals’ level of 

performance. Thus, the results confirm that the technical competencies of the consultants, in 

terms of how they respond to demands for design, or the type of contract to use or the 

information they provide to stakeholders about the project, and many other factors, have the 

potential to trigger variations (Sunday, 2010). Literature shows that, apart from the technical 

and legal know-how, there is a need for consultants to demonstrate a high level of knowledge 

about their tasks in a project, in order that they may offer professional advice (Assaf et al., 

1995; Assaf and Al-Hejji, 2006; O'Brien, 1998; Chappell and Willis, 2013; Mokhtar et al., 

2000). Insufficient knowledge translates into a high source of variations.    

Table 10-2: Causes of variation related to Consultant issues 

2- Causes of variation related to Consultant issues 

Research 

Question  

“What are the main causes of variation in construction projects in 

KSA?” 

Hypothesis  H02: 2 = 0: There is no statistically significant difference between the 

respondents' perceptions on "Impact of Variation causes on project 

success criteria (time, cost, quality and scope) related to Consultant 

issues". 

H Α2: 2 ≠ 0: There is a statistically significant difference between the 

respondents' perceptions on "Impact of Variation causes on project 

success criteria (time, cost, quality and scope) related to Consultant 

issues". 

 

Results  The ANOVA results: considering that there were 17 variation causes 
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related to consultants (CC 1 – 17), it was found that there were no 

significant differences between the scores for these factors from the 

ANOVA analysis except for the following factors:  

Time related: CC3 and CC7; 

Quality related: CC3, CC7 and CC16. 

 

Researcher’s 

Observation 

The main finding from the survey was that out of the 64 causes of 

variations there was no statistically significant difference between 

consultants and other project stakeholders – these are project owners and 

contractors – and externally induced factors, except for the issues to do 

with the following: 

 

• The location of Saudi Arabia and the need to order materials at local, 

regional and international markets was seen to be a factor that led to 

differences in perceptions of variation orders. Some projects needed 

more local materials than others, and if this issue was not well planned, 

projects could overrun;  

 

• The consultants’ view of building codes in the local market was 

critically vital compared to that of the rest of the respondents because 

the issue of building standards has been impacting developments in 

urban planning. Therefore, if there is no flexibility, this can result in 

possible challenges for the way variations can be managed; 

 

• The consultants’ general design practice varied from the architectural 

designs to engineering designs and how these interacted and were able 

to provide the key details for a project. This was seen to be a massive 

hindrance to the smooth management of variations; 

  

• Design actions also have a possible impact on the way contractors and 

clients respond to the demands of a project; however, the perception of 

variations based on consultants’ actions varied only when it came to a 

project’s materials and equipment, and drawings and details;  
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• Consultants were also seen to impact the scope; in many ways, they 

impact the design which is then affected by the way the contractor 

implements and how the client accepts the project. These differences 

have the potential to amplify the variations in the perception of the three 

factors: CC3, CC7 and CC16. 

 

Conclusion  The null hypothesis Ha0 (p<0.05) was rejected for these factors: CC3, 

CC7 and CC16. 

 

The null hypotheses (H0: 1=0) - (p < 0.05) were retained for the other 

causes of variation due to consultant.  

 

 

10.1.1.3 Causes of variation related to the contractors 

The survey also brought out the argument that, if contractors face “high interest rates charged 

by bankers on loans received by contractors”, they are not able to “Fast-tracking any 

construction processes, resulting in variations. Another key issue for contractors operating in 

the KSA has been the protocols for registration and approval from the government; it means 

that “difficulties in obtaining accreditation by contractor” has been a major source of 

variations. The survey results also indicated that construction companies have been lacking 

specialised construction management personnel to implement the projects, resulting in 

variations to the projects because they cannot fill the necessary posts with experienced 

personnel. The issue of shortages of construction managers is exacerbated by the “shortage of 

skilled manpower and efficient equipment” on many jobs. It means that if construction 

organisations cannot find construction managers there is a knock-on effect on the way to 

resource other workers and equipment. 

One of the reasons for such a situation has been the manner in which projects are procured. 

There are instances when the wrong companies are awarded projects mainly because of 

“fraudulent practices, kickbacks and corruption”. Such organisations tend to have 

“inadequate site investigation” as well as massive levels of “misunderstanding of tender 

documents and poor cost estimation for the table of quantities during bidding stage”. When 

reality dawned on such organisations, they had a tendency to search for other organisations 
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with which they could partner in order to complete the works; however, they trigger 

variations that increase the schedule and cost allocated to complete the project. 

Table 10-3 presents the summary of the results from the null hypothesis testing that stated 

that “there is no statistically significant difference between the respondents' perceptions on 

impact of variation causes on project success criteria (time, cost, quality and scope) related to 

contractor issues. It was seen that the hypothesis proved true for the 64 variables considered 

in the ANOVA test for the research, except the following two: CNC3: Work suspensions due 

to conflicts and CNC14: Stealing and waste on site”. It implies that the issues concerning 

contractors and their perception of conflict and pilfering were highly sensitive as opposed to 

the other factors. Even if the KSA is an Islamic country where pilfering is extremely low, 

there are many contractors who originate from other parts of the world and who have 

employed multi-nationals and the like; hence they experience high levels of pilfering. In 

addition, conflicts at the regional level can disrupt the supply lines for contractors and 

therefore the logistics become extremely difficult to implement. These findings are not in 

keeping with existing literature, which mainly reports on issues such as suppliers and sub-

contractors that may be responsible for causing variations (Sambasivan and Soon, 2007) in 

the agreed criteria for the contract – mostly in terms of delays and cost growth and or 

escalation (Fallahnejad, 2013). 

Table 10-3: Causes of variation related to Contractor issues 

3- Causes of variation related to Contractor issues 

Research question  “What are the main causes of variation in construction projects 

in KSA?” 

 

Hypothesis  Ha0 (p<0.05): 

H03: 3 = 0: There is no statistically significant difference 

between the respondents' perceptions on "Impact of Variation 

causes on project success criteria (time, cost, quality and scope) 

related to Contractor issues". 

 

H Α3: 3 ≠ 0: There is a statistically significant difference 

between the respondents' perceptions on "Impact of Variation 

causes on project success criteria (time, cost, quality and scope) 

related to Contractor issues". 
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Results ANOVA results indicated that, considering that there were 17 

variation causes related to contractors (CNC 1 – 17), it was 

found that there were no significant differences between the 

scores for these factors from the ANOVA analysis except for the 

following factors:  

 

Time related: CNC14; 

Quality related: CNC3 and CNC14; 

Scope related: CNC14. 

 

Researcher’s 

Observation 

The response from the survey shows that out of the 64 causes of 

variations there was no statistically significant difference 

between contractors and other stakeholders to the projects – these 

are: project owners, contractors and externally induced factors. 

Here are some key reasons: 

Time was a critical issue for the contractor because, if they did 

not manage the time, the cost would increase due to penalties 

triggered by delay clauses. Therefore, the perception of the time 

is an important factor for contractors; they were of the view that 

site pilfering and wastage was a prime factor in the management 

of the project time; 

The other crucial factor related to the perception of the quality: 

the contractors felt that conflicts were a prime issue in the 

management of the quality of the project. 

The contractors were of the view that scope was a sensitive issue 

because once they failed to manage the loss of materials and 

equipment it became difficult to manage the project scope. These 

factors need not only have an effect internally; the organised 

pilfering and the waste could result in poor performance in 

relation to the project scope; 

 

Conclusion The null hypothesis Ha0 (p<0.05) was rejected for these factors: 
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The response from the survey indicates there was a high level of awareness of the criticality 

of the involvement of the contractor in the implementation of the project; as a result, the 

highest ranked factor from the survey was the issue of “misunderstanding of tender 

documents and poor cost estimation for the table of quantities during bidding stage”. If the 

contractor did not carry out adequate site investigation, this was likely to trigger variations. 

As a consequence, there would be a high likelihood for “work suspensions due to conflicts” 

or the manifestation of “fraudulent practices, kickbacks and corruption” in order to seal the 

gap between the estimates and the actual expenditure on the project. The findings of this 

study broadly support existing literature on variations emanating from the contractor which 

shows that the ideal response to reducing potential variations has been to engage stakeholders 

as early as possible in order to mitigate the exponential impact of variations from the 

contractor (Pourrostam et al., 2012). 

 

10.1.1.4 Causes of variation related to the external Factors 

Literature on project external factors and their potential to cause variations showed that 

construction industries around the world can be exposed to various weather conditions and 

climatic conditions as well as the social-cultural, political and economic factors that can 

easily trigger variation orders (Kaming et al., 1997). The data from the survey on cost, 

schedule, quality and scope factors that had been impacted by external sources of variations 

were similar in many ways. For example, respondents were of the view that “unexpected 

ground conditions”, “fluctuation in prices of raw materials” and “inadequate production of 

raw material in the country” were highly linked to triggering variation orders in many 

projects in the KSA. Because the Kingdom of Saudi Arabia was importing specialised 

materials used in construction projects it was difficult to avoid variations that were external to 

the industry and to many projects. The second tier of external factors linked to triggering 

variations, according to the results of the survey, were “natural disasters”, “unforeseen 

problems” and “adverse effect of weather”. Respondents felt that, when flash floods hit the 

CNC3and CNC14;  

 

The null hypotheses (H0: 1=0) - (p < 0.05) were retained for the 

other causes of variation due to contractor.  
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Kingdom of Saudi Arabia, construction projects become difficult to manage until the floods 

cleared. Another issue related to sand storms in some areas that have a high propensity to 

disrupt the flow of work. In the event that the weather becomes adverse, productivity reduces, 

leading to an increase in the number of variation orders. It was noticed that economic 

structures and government regulations were not cited as an issue by respondents, although 

they were in the literature. This contrast was clearly an indication of the distance between the 

perception of government influence on the external factors and the reality on the ground; 

meaning that the reality on the ground may not support the argument that the government was 

responsible for triggering variations because of the way it managed regulations and how it 

structured the industry 

Factors such as force majeure and the regional political environment are seen as universal in 

their impact on the KSA; however, the perception of these causes and impacts needed to be 

assessed from the view of all stakeholders of the research, whose results are shown in Table 

10-4. 

Table 10-4: Causes of variation related to External factors 

4- Causes of variation related to External factors 

Research question  “What are the main causes of variation in construction projects 

in KSA?” 

 

Hypothesis  H04: 4 = 0: There is no statistically significant difference 

between the respondents' perceptions on "Impact of Variation 

causes on project success criteria (time, cost, quality and scope) 

related to External factors issues". 

 

H Α4: 4 ≠ 0: There is a statistically significant difference 

between the respondents' perceptions on "Impact of Variation 

causes on project success criteria (time, cost, quality and scope) 

related to External factors issues". 

  

Results The ANOVA results indicated that, even though there were 12 

variation causes related to external factors (EC 1 – 12), it was 

found that there were no significant differences between the 

scores for these factors from the ANOVA analysis except for the 
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following factors:  

Time related: EC5 and EC6;  

Cost related: EC6; 

Quality related: EC8; 

Scope related: EC9 

 

Researcher’s 

observation 

The main response from the survey was that out of the 64 causes 

of variations there was no statistically significant difference 

between consultants and other stakeholders to the projects – 

these are: project owners, contractors and externally induced 

factors. The main reasons are as follows:  

• There was a difference in the way economic factors were being 

analysed and included in the business plans for each category of 

respondents; for instance, the issues of inflation and price 

fluctuations were more influential for the contractor than for the 

client; hence the perceptions varied.  

• There was also a difference in the way the perception of 

inclement weather impacted the variations orders in the KSA 

because the climate does not necessarily offer the typical 

inclement weather; rather, other forms of weather have been 

impacting the industry. For instance, severe sand storms may not 

be classed as inclement but they do disrupt work; 

• The perception of how government regulation has been 

transforming the industry also varied. This meant that some 

respondents felt that the issue impacted them in a slightly 

different way. For example, the owners were not going to view 

regulation as a threat because they are the largest client base in 

Saudi Arabia. 

 

Conclusion The null hypothesis Ha0 (p<0.05) was rejected for these factors: 

EC5, EC6, EC8 and EC9. 

The null hypotheses (H0: 1=0) - (p < 0.05) were retained for the 

other causes of variation due to external factors.  
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The ANOVA test indicates that external factors EC5: Inflation, EC6: Fluctuation in prices of 

raw materials, EC8: Adverse effect of weather and EC9: Change in government regulations 

caused variances in the way respondents perceived them. It also shows that, while contractors 

were more concerned with the buying power of the currency as well as the material prices, 

the others were not concerned about this. Consultants were more concerned with the 

regulations and how they impacted the ease with which they designed and executed projects; 

but the owners were clearly more concerned with the timing and the delivery cost. Both of 

these issues are widely reported in the literature as causes of variation. For example, the 

economic indicators such as inflation, market prices and the general availability of the 

essential commodities for a particular project at regional level are found to cause price 

variation. If, for instance, the demand for steel and or concrete is high there can be 

inflationary trends for the product and the material fluctuations could cause variations to a 

project (Kaming et al., 1997). Other factors reported such as government regulations, ground 

conditions, or escalation in the process of materials and labour which would be difficult to 

legislate on a project (Aziz et al., 2013); however, the impact was seen to be wholesale for 

projects.). Therefore, external factors call for prudent management of the schedule, the cost 

and the quality of the project because these factors have a role to play in the way the project 

reacts to external factors, as was highlighted by Amoatey et al. (2015) in the case of a 

Ghanaian house project that was afflicted by variation orders and overruns (Yogeswaran et 

al., 1998, Wang, 2000). 

10.3 The Influence of Causes of Variation on Construction Project Success 

in KSA 

The second research question under section 1.5 of the thesis asks: “What is the influence of 

variation causes on construction project success criteria in KSA?” 

The rationale for the question was to assess the perception of causes of the variations in 

projects in the KSA. The discussion here in section 10.2 starts with the review of literature on 

the influence of causes of variations on the success of projects in general before analysing the 

perception of the issue from both the survey and case study data.  

Section 7.2 of the thesis shows the results where respondents were able to rank the factors 

according to their perception of the influence of variations on project success criteria in order 

to establish how the influence affected projects in the Kingdom of Saudi Arabia. The use of a 

severity index in ranking the factors was a crucial strategy that facilitated a conclusive result 

with regard to how respondents perceived the impact of variations within the KSA 
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construction industry. If the result was ranked lower than a score of 3.0, then it was 

considered as a management issue that could be resolved using management functions during 

a project; however, a higher score called for further analysis, hence the discussion herein 

covers highly ranked factors from the survey.  

The objective of this question was to identify the influence of variation factors in the project 

life cycle on project success. The results of this study show that 64 variation factors affect the 

project success criteria in the various phases of a project. Based on the literature review and 

the factor analysis results in this research, these factors were divided into four groups which 

consist of owner, consultant, contractor and external factors. These are ranked based on their 

impact. Therefore, the following sub-sections will discuss the influence of variation factors 

on the project success criteria cost, time, quality and scope individually.  

 

10.3.1 The Influence of Variations on Cost in the KSA 

From Table 7-9 in Chapter 7, and the summary in Figure 10-1, the overall group ranking 

from this study showed that the influential variations were: Errors and omission in design 

(CC1) and Inaccurate estimation of implementation cost (CC4). These two factors are related 

to the consultant group, and were considered by respondents to be the two highest ranked 

factors that influence the project cost. Similar to this result, there was a study conducted by 

Alaryan, Emadelbeltagi, Elshahat and Dawood (2014) where they identified the causes of 

variation in projects. They found that errors and omission in design as the main element and 

poor design and poor working drawing details as the secondary element are the most common 

causes of variation. Likewise, Ashworth, Hoggs and Higgs (2013) found that a very common 

cause for variations is to change the designs in some way. Hanif et al., (2016) showed the 

same result in a study investigating the causes and impact of variation orders in mega 

hydropower projects in Pakistan. His study concluded that “errors and omissions in design, 

changes in scope and changes in design were among the three top contributing factors to 

variation orders in hydropower projects that resulted in time and cost overruns”. Lindhard 

and Wandahl (2014) identified “changes in work plans as the second most important cause of 

delay” as the second greatest important cause of variation. For consultants to reduce the 

likelihood of triggering cost variations, it was vital to ensure that briefs were cast in stone and 

that ideas about errors in design that lead to escalation of cost were ruled out to reduce the 

overall cost while improving the project value, and that guarantees of employing qualified 

people were agreed in advance. Uttam and Bhirud (2015) found “changes in design plan and 
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schedule by the owner were the main cause of change order, while change in the procedure 

and errors and design modification and changes in specification and scope of project mostly 

by clients and their consultants [were] the most sources of variation in construction”.  

The third highest score factor was: Managerial corruption (OC12) from the owner group 

factors while the fourth highest score factor was: Misunderstanding of tender documents and 

poor cost estimation for the table of quantities during bidding stage (CNC2). From this result, 

it seems that the contractors in KSA do not place much importance on the table of quantities 

and tender documents. This is either because of their lack of experience or lack of trust in the 

owner’s study estimations. The fifth highest factor was: Inadequate planning led to change in 

project purpose and scope (OC1); despite careful planning, it is rare to implement a project 

without changes to the plans or the process of construction (Kwakye, 1997; Ssegawa et al., 

2002). Work suspensions due to conflicts (CNC3) was found to be the sixth highest factor.  

These results also fit well with the outcomes from similar studies such as Alnuaimi et al. 

(2010) that observed the influence of variation orders on public construction projects in 

Oman and found that “a delay in completion time, dispute and cost overruns are the most 

ranked effects of change orders”.  

The implication of the responses is that, as far as the respondents were concerned, project 

costs were being impacted by the project “owners” or the “main client” mainly because of the 

managerial corruption and inadequate planning; hence “there was no clear policy 

implementation on the way top management are going about their supervision of the works”. 

Another key factor has been that owners can be “inflexible” or “tenacious” in the way they 

operate their business such that the construction project itself is seen not as an important 

element of their business that requires its own management strategies but as a component part 

that needs to adapt to the line management operations, as it is generally called in project 

management (Kerzner, 2013; Eigbe, 2016). 

Those factors were the highest ranked factors that affect the cost in construction projects in 

the KSA. However, they are not treated using a unified approach, which compounds the 

challenges associated with project cost management. These challenges are compounded by 

the lack of flexibility in the construction codes at local level, meaning that consultants would 

have to localise any of their design solutions in accordance with the planning regulations. At 

times, this meant that new solutions had to be found, even though the answer might be there 

at international level, but it was not fully supported by the planning codes. 

It can be concluded that there is a high level of “misunderstanding of tender documents and 

poor cost estimation for the table of quantities during bidding stage”, there are “work 
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suspensions due to conflicts”, “inadequate site investigation”, “fraudulent practices, 

kickbacks and corruption” and “contractor’s extreme desire to maximise profitability”. These 

factors are compounded by the difficulty that contractors have in accessing finance for their 

projects, hence they seek the means to source any finances they could have as early as 

possible in the project life cycle. These actions are not taken as seriously as they should be, 

so that they can be modelled and simulated with a view to understanding their impact on 

project costs. Further, the existing literature supports the view that these factors are the causes 

of escalating project costs. Therefore, effective management of variation is very important to 

mitigate the risk in projects (Bottari et al., 2014).   

The industry as a whole has been experiencing difficulties in managing issues related to 

“unexpected ground conditions”, “fluctuation in prices of raw materials”, “inadequate 

production of raw material in the country”, “pressure from Rights organisations”, “Socio-

cultural factors” and “adverse effect of weather”. Other factors relate to the application of 

“environmental considerations”, “change in government regulations”, “political issues” and 

“unforeseen problems”. Even if these factors are not project specific, they impact costs 

because they have an influence on the economic performance of the nation.  

There were actions that triggered costs to businesses engaged in consulting; these included 

the way policy places “restrictions against foreign companies”, the “absence of continuous 

supervision from top management” and “obstinate nature of owners”, “Changing some of the 

project ideas during design phase”, “applying value engineering” and “frequent change of 

consultant’s staff”. For contractors, policies such as “difficulties in obtaining accreditation by 

contractor”, “poor relationship between manager and workers” and “contractor’s financial 

difficulties” have been negatively impacting their costs.   

Therefore, it was reported in the literature that “project planning and engagement of project 

officers are effective means of formulating clear project briefs in order to minimise variation 

orders and enhance project performance” (Eigbe, 2016).  
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Figure 10-1: The highest overall ranking of variation causes with respect to Cost based 

on professional roles 

 

10.3.2 The Influence of Variations on Time in the KSA  

The summary of the overall ranking of the variation causes’ impact on project time based on 

professional roles is shown in Table 7-14 in Chapter 7 of this thesis. The highly ranked 

influencing causes are shown in Figure 10-2.  

Inadequate planning led to change in project purpose and scope (OC1) from the owner group 

was the highest ranked factor. This confirms the results from previous studies which 

considered that the owner is found to be the greatest source of variation (Uttam and Bhirud, 

2015). 

 Errors and omission in design (CC1) and Lack of coordination among project parties (CC2), 

both were from the consultant group; Misunderstanding of tender documents and poor cost 

estimation for the table of quantities during bidding stage (CNC3) and Lack of coordination 

between general contractors and subcontractors (CNC4), were highly ranked from the 

contractor causes of variation cluster. There is one obvious common issue between these 

factors, which is related to the lack of proper communication between project parties in KSA 

which could lead to instigate such causes of variation. Failure to eliminate those variation 

causes will affect projects in different ways, such as an increase in project cost, delay, rework 

and destruction (Uttam and Bhirud, 2015). 
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It can be concluded that the industry grapples with “changes in some of the project ideas 

during design phase” while “applying value engineering” and “safety consideration”. While 

the project develops there is evidence of “lack of coordination among project parties” and 

poor strategies for the management of “errors and omission in design”. These factors have 

been triggered by “consultant’s lack of experience and specialisms” while the “complexity in 

design” still has a major impact on time-related factors (Arain and Pheng, 2005). 

The research can lead to a conclusion that contractors have identified that “high interest rates 

charged by bankers on loans received by contractors” and the pressure to “Fast-tracking 

construction processes” are two key issues which they need to incorporate as they model their 

scheduling. They further observed that scheduling can be impaired due to the “difficulties in 

obtaining accreditation by contractor” as well as the “high machinery maintenance costs”. 

These factors can be modelled using an industry-wide view of how contracting is operating. 

Contractors had a second tier of ranking for factors such as “stealing and waste on site”, 

“contractor’s extreme desire to maximise profitability” and the “poor relationship between 

manager and labour”. These factors relate to how internal business management is 

implemented: those with a poor scheduling record will demonstrate such factors manifest 

more than those with a good scheduling record. These findings agreed with other studies 

(Arain and Pheng, 2005 and Jawad et al., 2009), especially for building projects (as cited in 

Oyewobi, 2015).  

From the schedule perspective, it was found that “natural disasters”, “unexpected ground 

conditions”, “inadequate production of raw material in the country”, “unforeseen problems” 

and “adverse effect of weather” have been difficult to model in terms of preparing the 

business to respond to such factors. For example, in the event of a sandstorm, a construction 

programme may be disrupted; it does not mean that, when the storm is over, construction can 

recommence. Rather, a clean-up should take place and then the pace of construction might 

not be as fast as it was prior to the sandstorm. 

Local contractors have faced difficulties in adopting international standards on energy saving. 

Thus, when clients ask for BREEAM or LEED certification the process can be cumbersome 

and causes time delays because businesses are not used to such demands and they do not 

allow for them in their planning process. The implication of these findings is that strategies 

should be developed for managing projects on time which can accrue other benefits such as 

increased productivity and clear goals for the project as well as adherence to quality control 

mechanisms (Wambeke et al., 2011). 
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Figure 10-2: The highest overall ranking of variation causes with respect to Time based 

on professional roles. 

 

10.3.3 The Influence of Variations on Quality in the KSA  

Table 7-19 showed the summary of ranking of variation causes with respect to Quality based 

on professional roles. The highest ranked factors are shown in Figure 10-3, where the highest 

ranking factor was OC6: Lowest bidding procurement method from the owner group; the 

second and third highest factors were CNC6: Lack of specialised construction manager and 

CNC7: Shortage of skilled manpower and efficient equipment, both from the contractor 

group. The implication of this result for these highly ranked factors is that the contractor is 

the most responsible party amongst the project parties for providing the required quality 

standards. It is imperative to point out that most government public contracts in KSA are 

awarded based on the lowest bidding procurement method. As a result, the proposed profit 

would be very low for the contractor. Therefore, some contractors intend to eliminate 

spending on project processes as much as possible by employing unskilled employees and 

using old machinery to maximise the profit. The level of quality consequently would be 

negatively affected.  

The fourth factor was CC9: Consultant’s lack of experience and specialistsfrom the 

consultant group, and the fifth was OC12: Managerial corruption from the owner-related 

factors. The sixth, seventh and eighth factors were CNC5: Contractor’s extreme desire to 

maximise profitability, CNC11: Fraudulent practices, kickbacks and corruption and CNC4: 
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Lack of coordination between general contractors and subcontractors, all from the contractor 

group; the ninth was CNC8: Contractor's commitment to several projects at the same time 

with limited resources and potentials from the contractor group, and finally the tenth highest 

factor was CC1: Errors and omission in design from the consultant group. 

It can be concluded that factors such as “pilfering and waste on site”, “work suspensions due 

to conflicts”, “inadequate site investigation”, “Fast-tracking of construction processes”, 

“neglecting risk management procedures”, “lack of specialised construction managers”, 

“shortage of skilled manpower and efficient equipment”, “fraudulent practices, kickbacks and 

corruption” and the “contractor’s extreme desire to maximise profitability” are seen as 

internal matters that reflect poorly on quality. These findings support the view that the quality 

of the products can be compromised so that the project can recover (Ismail et al., 2012).    

Inefficiencies between company relations with sub-contractors have been cited as a key factor 

in the poor quality of products. It can also be concluded that external factors such as 

“environmental considerations”, “socio-cultural factors”, “unforeseen problems”, 

“unexpected ground conditions” and “inadequate production of raw material in the country” 

are seen as difficult to model and apply to an organisation and yet they tend to impact the 

quality of the product. The literature also pointed to the importance of such factors; for 

example, Enshassi et al. (2010) found that “the lack of materials and spare parts because of 

closure is considered as the most important cause of variation orders in construction projects 

in Gaza strip”.  

It can also be concluded that, in times where there is a “long period between design and time 

of implementation’s start” or that “change of implementing schedule by owner” and that 

“obstacles in project’s site haven’t been solved before starting the project”, quality is 

negatively impacted. However, there is “inadequate penalty in the contractual documents 

towards contractor’s delay” and some contractors are protected. These findings are in 

accordance with previous studies (e.g. Ibbs, 1997; Hsieh et al., 2004; Ndihokubwayo and 

Haupt, 2009)  

The research observed that safety consideration is a massive issue and that “restriction of 

local construction codes” has a negative impact on quality of the work because people fear 

for their safety and quality can be compromised. This issue is compounded by “difficulties in 

obtaining accreditation by contractor”, difficulties in obtaining finance, and the challenges of 

obtaining and maintaining machinery. These causes were also reported by other authors; for 

example, Thomas et al. (2002) argued that the occurrence of variation causes has a negative 

impact on project quality.  
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Figure 10-3: The highest overall ranking of variation causes with respect to Quality 

based on severity index for professional roles. 

 

10.3.4 The Influence of Variations on Scope in the KSA  

The top 10 overall ranked factors influencing the scope as shown in figure 10-4 were CC11: 

The objectives of the project are not well defined, OC1: Inadequate planning led to change in 

project purpose and scope, CC1: Errors and omission in design, OC12: Managerial 

corruption, CNC1: Inadequate site investigation, CC2: Lack of coordination among project 

parties, CC8: Acceleration of design phase’s time, EC4: Unexpected ground conditions, CC9: 

Consultant’s lack of experience and specialistsand CNC2: Misunderstanding of tender 

documents and poor cost estimation for the table of quantities during bidding stage. 

It can also be concluded that Inadequate planning led to change in project purpose and scope; 

this is because of the long period between design and implementation, which tends to make 

the scope a difficult factor to manage. Another key issue is that the objectives of the project 

are not well defined, and on many occasions, there are errors and omission in design in 

addition to the lack of coordination among project parties. The literature has demonstrated 

that these causes are mainly related to the owner and consultant (Uttam and Bhirud, 2015).   

 From the contractors’ perspective, scope becomes difficult to manage mainly due to 

“inadequate site investigation” and “misunderstanding of tender documents and poor cost 

estimation for the table of quantities during bidding stage”, or because of the “fraudulent 
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practices, kickbacks and corruption”. This implies that, once the premise of the project is ill 

defined, scope will be difficult to freeze and manage; rather, it becomes a protracted issue 

between stakeholders. These views are supported by Oyewobi (2015). 

There are factors which are difficult to model let alone predict; therefore, “unexpected ground 

conditions”, “natural disasters” and “unforeseen problems” are some of the most influential 

factors causing scope management problems in Saudi Arabia. Factors such as “socio-

cultural” and “inadequate production of raw material in the country” are said to be man-made 

issues that have compounded any scope management issue. For example, Radosavljević and 

Horner (2002) opined that, even though a project can be simple, the level of variability and 

complexity with regard to productivity could me massive. In cases where the project is labour 

intensive, the variability increases and productivity can also vary. In such situations, variation 

orders bring massive human resource problems to projects because the workers would need 

to be kept on while the progress would be at a standstill (ibid). If, however, the project is 

mechanised, productivity is also affected because the operators of the mechanical equipment 

would not be working; as a result, the variability in the level of productivity will be high. 

 

 

Figure 10-4: The highest overall ranking of variation causes with respect to Scope based 

on professional roles. 
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10.4 Modelling Causes of Variations in the KSA 

Research question 3: How to develop a model for analysing the influence of causes of 

variation on construction project outcomes (duration overrun) in KSA for clients to use?  

To achieve this objective, the research used several integrated research techniques. Causes of 

variation were considered to be stochastic in nature. This is due to the fact that estimating 

their influence is not subjective and context dependent, hence using probabilistic methods is 

more likely to capture their influence. This required us to find the best-fit probabilistic 

distribution to represent the most influential causes of variation. The results from this 

exercise revealed that a significant number of best-fitting theoretical distributions for causes 

of variation belong to logistic and exponential distributions. Generally, all the causes of 

variation assumption distributions were found to be represented by positively skewed 

theoretical distributions. The selected distribution is validated by the goodness-of-fit tests and 

the inspection of respective plots. The P-P plot and Q_Q revealed a relatively good fit for 

other regions of criticality for most of the causes of variation distributions. A systematic 

procedure was adopted here to transform these input probabilities into useable assumptions in 

the simulation model. These are then used in the regression model to simulate the project 

duration percentage overrun.  

The sensitivities of the relative assumptions were assessed and then the results of this 

iterative process were used to optimise and generate the final duration overrun percentage 

probability distribution. Sensitivity analysis revealed that EC2s and CC11s causes of 

variation have a high impact on the output. It is interesting also to point out that both the 

output probability distribution and the original set of data for the project duration overrun 

percentage fit Johnson SB theoretical probability distribution. This is further evidence to 

suggest that the developed regression model produces results that are similar to real cases. 

The project duration overrun percentage distribution allows decision-makers to not only 

identify the range and variance of possible project durations, but also facilitate the 

quantification of the impact of causes at an early stage of project development. This type of 

analysis assists in developing realistic a project duration and budget. 

 

Regression Modelling  

In Chapter 9, the author presented the regression model for costing the impact of causes of 

variations. The regression analysis is deemed an appropriate technique for mapping the 

association between dependent and independent variables. The association is derived based 
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on observed behaviour represented by statistically measured relationships. Further evidence 

on the suitability of the regression method is discussed in Chapter 4. Consequently, multiple 

regression analysis techniques were applied to create a regression model which is able to 

estimate the impact of the causes of variations using the cost overrun as the dependent (or 

proxy for the cost associated with the causes of variation) construct. The summary of the 

results from the modelling process is presented in the following table.  

 

 

Table 10-5: Summary of the results from the modelling process 

 

 

The ANOVA tests showed a Significance value of the F-statistic (Sig. < 0.01) which means 

that the developed regression model is significant at 99% confidence level. The generated 

association equations represent at least 93% of the variation of the case study data. 

Although the literature points to the use of ANOVA tests to check the significance of the 

developed regression models and they are useful to test the developed models’ ability to 

explain the variation that may exist in the causes of variation data, they do not directly 

address the strength of the association between causes of variation and the duration overrun 

proxy construct. This is why a second measure is used to associate the strength of the 

association. Thus, the coefficient of determination (R2) is used for this purpose. However, 

violating the R2 assumption is not critical to rejecting the developed regression (Gupta, 

2000). The results demonstrated that the generated model showed a good association between 

the causes of variation and the chosen proxy construct. Note also that the ANOVA table 

shows that the causes of variation (independent variables) used in the model significantly (F 

= 16.32, df = 14, sig.= .021 – at p  <.05) predict the project duration overrun percentage. The 

Model R R 

Square 

Adjusted R 

Square 

Std. 

Error 

of the 

Estimat

e 

Change Statistics 

R 

Square 

Change 

F 

Chang

e 

df1 df2 Sig. F 

Chang

e 

3 0.994 0.987 0.927 5.20449 .000 .002 1 2 .970 
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significance of the F-statistic value in this research means that the variation explained by the 

model is not due to chance and that using the model in predicting duration overrun due to 

causes of variation is better than guessing the mean. Although the p-values is below ≤ 5%, at 

the same time the R2 value shows that model 3 accounted for approximately 93% of variation 

in the data sample. About 7% could not be explained by the selected model due to other 

variation factors that were not included in the model or due to natural random variations. The 

standard error estimate further illustrates the model fit.  

The Standard Error of the causes of variation estimate is illustrated in Table 10-5. The results 

further demonstrate the strength of the model fit. The Standard Error measures the dispersion 

of the dependent proxy variable (cost overrun due to causes of variation) estimate around its 

mean. It is suggested that that the Standard Error value of the dependent variable should not 

exceed 10% of its mean value (Gupta, 2000). The results of the developed regression model 

fall within this limit. It is also pointed out that the reliability of regression models depends on 

diagnostic checking of the significance of the input variables, otherwise it will lead to 

unreliable estimation and thus unreliable interpretation of regression results. The coefficients 

of each cause of variation measure how the dependent proxy variable (i.e. duration overrun 

due to variation orders) is affected by the performance of any particular cause of variation. 

The following table, Table 10-6, shows the variation causes that were found to decrease and 

increase the likelihood of duration overrun. The results show that all coefficients are 

significant at 90% confidence level. However, eight of the coefficients are significant at 95% 

confidence level. This confirms that eight out of the 13 selected variables are a good predictor 

of the duration overrun. Also, the significance value of the estimated constant of regression is 

below 0.5 (Sig. < 0.021), which is assumed to be reliable in defining the point of intercept in 

the regression equation.  

Table 10-6: Causes of variation impact on duration overrun 

Decreasing Increasing 

CNC6s CC2s 

CNC8s CNC9s 

OC16s OC8s 

CNC10s EC2s 

CC11s OC4s 

OC6s CC4s 
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10.4.1 Stochastic Modelling  

In Chapter 9, the author developed a methodology based on Monte Carlo simulation 

techniques to capture the variability and uncertainty which may exist in the variation 

constructs. Subjectivity and uncertainty are present throughout the analysis and management 

of causes of variations in construction projects. These characteristics are present in causes’ 

identification, prioritisation, costing and mitigation. The literature review has shown that there 

has been a lack of research to map causes of variations to their potential time overrun impact. 

Monte Carlo simulation was suggested to be a typical methodology to capture and construct 

the probability distribution of both causes of variation constructs and their associated cost 

impact. This will allow the use of probability distributions in the management of causes of 

variation mitigation strategies.  

The results obtained from the conducted Monte Carlo simulation were discussed in detail in 

Chapter 9 and the selected best-fitted probability distributions for the input variables (causes 

of variation) and output (time overrun due to variation) were tested and validated using 

several statistical techniques. Chapter 9 illustrated the results of the simulation and the 

goodness-of-fit outcomes for the selected output distributions. The results of the simulation 

showed that the duration overrun percentage is best fitted to Johnson SB theoretical 

probability distribution. This is verified through the statistic test value (0.02297) which is 

significantly lower than the critical values for level of significance. As demonstrated in the 

results analysis (see Chapter 7), Johnson SB theoretical probability distribution is accepted at 

all alpha levels. Hence, there is no reason to believe, based on this evidence and tests, that the 

selected distribution does not provide a good fit for duration overrun within the limits of the 

data and context of this research. The robustness of the results was also demonstrated through 

a comparison between the simulated distributions for duration overrun and based on both 

original and simulated data. The comparison results (see Figure 9-55 in Chapter 9) showed 

that both original and simulated data fit Johnson SB theoretical probability distribution. This 

is further evidence to suggest that the developed regression model produces results that are 

similar to real cases. The simulation results have also demonstrated that the mean forecasted 

overrun duration revolves around the +/- 1 Std Dev certainty band. Furthermore, the 

sensitivity analysis showed that assumptions EC2s, CC11s and e-cost-surface were 

considered the most influential determinants of duration overrun based on the context of this 

research data. Also, the resulted demonstrated that causes of variation EC2s and CC11s were 

found to be significant when the overrun duration percentage is at or above 75th percentile 
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values in their probability distributions, whereas EC2s, CC11s and CC9s were found to be 

significant when the overrun duration percentage is at or above 90th percentile values in their 

probability distributions. None of the input variables were found to be significant when the 

duration overrun is at or below their 25th percentile values in their probability distributions. 

 

10.5 Summary 

This chapter has presented a discussion of the key research questions and the implications of 

the research findings. It began by discussing the literature review findings followed by a 

discussion of the survey and case study results. Then the findings from the regression 

simulation and modelling process were discussed.  

It was found that there is match between the findings from the literature and the research 

findings for the main sources of variation as they originate from four main groups: owner, 

consultant, contractor and external factors. Each one of these four groups was behind the 

instigation of unknown numbers of variation causes. This research summarised these causes 

to 18 causes related to the owners, 17 causes related to the consultants, 17 causes related to 

the contractors and 12 causes related to the external events. The influence of these causes on 

project success criteria in terms of cost, time, quality and scope according to the respondents’ 

perception was discussed.  

Finally, the development of a model for analysing the cost of variation in construction 

projects in KSA for clients to use was discussed. 
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11. CHAPTER 11: CONCLUSION 

 

11.1 Introduction 

This chapter will introduce the conclusions drawn out of this research. The robustness of the 

adopted methodology is examined first. Secondly, the objectives of the investigation are 

revisited with a view to compare the expected results with the achievement accomplished. 

Thirdly, the limitations of this research are listed. Fourthly, the contribution to knowledge is 

presented. Fifthly, areas for further research are put forward. 

 

11.2 Robustness of the Research Methodology 

The research methodology adopted to accomplish the research aims and objectives was 

presented in Chapter 6. A mixed research approach was employed to achieve the objectives of 

this investigation. An in-depth literature review has been carried out to synthesise existing 

knowledge on the causes of variation to identify gaps in the research and develop and refine the 

research questions and objectives. This has resulted in the elicitation of a large list of possible 

causes of variation factors. This list was cross-referenced to document its validity. Furthermore, 

the list was classified and clustered according to the source of the variation. This was then 

developed into a questionnaire for collecting primary data. An online survey was used for this 

purpose. The questionnaire questions were tested on a small sample of academics to make sure 

the questions are meaningful. The participants were selected randomly from the KSA 

construction industry and questionnaires were completed anonymously. A statistically 

significant number of responses were received and then the data was checked for errors, 

completeness and consistency. Sample cases which were incomplete questionnaires were not 

used in the analysis. Data was coded according to SPSS standards. Several statistical tools were 

deployed to analyse the collected data. For example, descriptive statistics were used to study the 

variation in the respondents’ answers whereas regression analysis was used to estimate the 

association between a set of causes of variations and the dependent variable.  

Also, an in-depth literature review was carried out to synthesise existing knowledge on the 

methods for modelling causes of variation. This led to the adoption of multiple regression and 

Monte Carlo simulation techniques to model the association between the causes of variation and 

their impact. The most important causes of variation were selected based on the questionnaire 
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analysis. These causes were then used to collect real-world data from 18 building projects. 

Several fitting measurements were used to assess the validity and robustness of the developed 

model. For example, in regression significance, Standard Error, R2, residual plots, P-P plot, 

Q_Q, etc., were used to measure the accuracy of the derived model. The model was also 

validated on unseen data. Similar standard fitness measures, such as the Anderson-Darling 

fitting test, were used to assess the probability distribution of both the input cause of variation 

variables and the output from the simulation model. The approaches taken in this study are 

considered to be suitable given the unique characteristics of the research framework developed 

in the course of this investigation.  

 

11.3 Accomplishing the Research Objectives 

 

a. To identify the main sources and causes of variation in construction projects in 

KSA 

This objective was achieved through a systematic literature review. A combination of literature 

sources identified the causes of variation in the construction industry. From the literature review 

the causes of variation were identified. These causes were clustered into four homogenous 

groups. These are owner-based variation (these causes are shown in Table 2-2 of this thesis; in 

total 18 causes were extracted), consultant-attributed variation (these causes are shown in Table 

2-3; in total 17 causes were extracted), contractor-based variation (these causes are shown in 

Table 2-4; in total 17 causes were extracted) and external factors (these causes are shown in 

Table 2-5; 12 causes were extracted). 

These causes of variation were extracted and described in great detail in Chapter 2. The 

completion of this objective was a prerequisite for some of the next research objectives. These 

causes of variation were used to develop a questionnaire to assess the likelihood of their 

occurrence in KSA construction industry. 
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b. To investigate the relationship between variation causes and construction projects 

success criteria in KSA 

The relationship between variation causes and success criteria was investigated as described in 

the research methodology provided in Chapter 6 of this thesis. It was found from the literature 

review, the interviews, the survey and the case study files that some variation causes had an 

obvious impact on the project success criteria, mainly on the cost, time, quality and scope of the 

project. There were 64 causes of variation extracted from the literature review and the 

interviews. These were then used in the survey to identify their impact on the project success 

criteria. Their impacts were ranked according to the related source group and then according to 

overall ranking based on professional roles. The results of the impact and ranking are shown in 

Chapter 7 of this thesis and were discussed in detail in Chapter 10.   

c. To prpose a model for analysing the impact of causes of variation on project 

outcomes (duration overrun) in construction projects in KSA 

This research objective was carried out on the assumption that the development of a new 

framework for assessing the causes of variation in construction projects signifies that the 

existing methods are inappropriate and need to be rejected. One of the main advancements in 

knowledge provided by this research is the development of an integrated stochastic model for 

the assessment of the impact of the causes of variation during the design and bidding stages of 

construction projects in KSA. This objective was achieved through the development of an 

integrated framework based on multiple regression and Monte Carlo simulation. The 

achievement of this objective is presented in Chapter 9. The development of the model is based 

on the sound theoretical models that were reported in the literature and reviewed in chapters 2, 3 

and 4. It is important to emphasise here that there is no single best model for every situation; 

every methodology is based on a particular context and underlying assumption. The model 

developed by this work is driven by the research gaps that were identified in the literature 

review. The model forges stronger links between causes of variation and their impact on a 

project outcome in terms of time overrun. In theory, the model assists organisations to simulate 

project performance and maintain the impact of variation at a minimum level that can be 

financially tolerated. The model serves as a vehicle for assessing the impact of variation on 

project performance. It also enables clients and consultants to identify strategies for management 

variation, and assists them in identifying the causes that may lead to undermining project 

performance. The proposed model can be globally used to analyse the causes of variations and is 
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not limited to the Saudi context, providing the primary data is changed to reflect the context of 

the application. 

 

11.4 Generalisability, Applicability and Implications of the Findings 

In this section, the author discusses the generalisability of the research findings. The developed 

regression, stochastic models and the modelling are more appropriate for analysing the impact of 

possible causes of variation at the design and bidding stages of construction project 

development. This will allow for the development of contingency budgets. This will also allow 

the contracting parties to optimise their bids and put in place mitigating strategies for dealing 

with the possible causes of variations. Although the construction industry in KSA was the source 

of the primary data, commonalities across similar industries in different countries are possible, 

which may enable this research to be used in other settings. Certainly, the modelling framework 

developed in this research provides applicability opportunities for this research in many other 

industrial sectors. In order to do so, it would be necessary to make some adjustments or 

additions to the causes of variation data and probability distributions and associated possible cost 

overruns. This is necessary so that the probability distributions reflect the modelling context. It 

is also worth pointing out the possible appropriateness of the developed modelling framework to 

support decision-making through the computation of probability distribution of the causes of 

variations and their consequences. The use of probability percentile values will increase 

confidence in the decision-making process for estimating the impact of the causes of variation.  

 

11.5 Research Limitations  

Most, if not all, research projects are based on assumptions; thus, no research framework can 

claim to be complete. As such, the research framework presented in this investigation will have 

limitations, some of which are as follows:  

 The ranking of causes of variation was based on data related to all types of projects. 

No analysis was made on the bases of an individual type of projects. In an ideal 

scenario, data should be project based. This will allow for better homogeneity of 

data, leading to better generalisability. However, the causes of variation are extracted 

from an extensive literature review and therefore the research will be useful for many 

users; 
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 In its present form, the regression model does not include enough causes of variation 

to allow the user to test their impact;  

  The data for the impact of the causes of variation are estimated as a proxy of the 

duration overrun from the case study projects. If one can obtain data records to trace 

the impact of variation orders on the construction cost unit, this will improve the 

usability of the model;  

 The developed research model is based on specific-population data. The data was 

collected from the KSA. 

 Only one performance criterion was used to assess the causes of variation. 

Further research is needed to overcome such limitations. The next section details the study’s 

contribution to knowledge, whilst the final section explores some possible areas for future 

development and research. 

 

11.6 Contribution to Knowledge of the Research  

This research provides an increased understanding of the events that lead to causes of variation. 

The focus of the research was directed towards variation causes’ identification and classification, 

and to modelling the link between these causes of variation and their impact (duration overrun 

was used as a proxy variable to measure the impact). Additionally, an approach to capture the 

dynamism between the causes of variation and their impact was carried out through Monte Carlo 

simulation. To summarise, the research has contributed towards formalising the estimation of the 

impact of the causes of variation in construction projects using a combination of regression and 

Monte Carlo simulation techniques. According to the formulated research questions, the key 

research contributions of this investigation are summarised in the following areas: 

 The model for identifying the highest ranked factors that impact project variations (time); 

and  

 Using this model, the research added the argument that the highest ranked factors had the 

highest impact on the project. 

 The researcher developed and validated probability distribution for the most important 

causes of variation (those which correlate with the proxy variable).  
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 The researcher also conducted a multiple-regression analysis to quantify the association 

between causes of variation and their impact based on real 18 case studies. The model 

was used to stochastically estimate the impact of causes of variation.  

 This research was to prpose a generic model to assist the clients, policy makers and 

governements in developing budget contingencies for managing the impact of causes of 

variation in KSA construction projects industry. The research framework can be used by 

businesses to model their own factors and help in their decision-making, as opposed to 

using anecdotal evidence.  

 The research also enables consultants and practitionars working in Saudi construction 

sector to identify strategies for management variation and assists them in identifying the 

causes that may lead to undermining project performance. Moreover, the modelling 

framework propsed in this research provides applicability opportunities in many other 

industrial sectors. In order to do so, it would be necessary to make some adjustments or 

additions to the causes of variation data and probability distributions and associated 

possible time overruns. 

 

To summerise, this research was sought to map project duration overrun into causes of variation 

and presented an equation of selected regression model that could be used to estimate the 

percentage of the duration overrun of construction projects in KSA based on the significance 

influence of certain causes of variation. The model served as a vehicle for assessing the impact 

of variation on project performance. 

 

11.7 Recommendations for Further Research  

This investigation has identified number of areas that would benefit from further research. 

However, the research framework developed in this research could be enhanced in many ways, 

including the following: 

 Investigation of the other categories – scope, quality and cost – is needed in the same 

way as time has been investigated in this research. 
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 Investigate the impact of variations for other projects such as infrastructure, roads and 

railways, because this research was only developed based on 18 building projects. Thus, 

there is a need to test if it can be used for other project types within the same industry.  

 Increase the number of causes of variation in the regression model. 

 Map the causes of variation to their impact, such as cost and time overrun success 

criteria.  

 Profile the cost consequences of each of the variation causes. 
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Appendix A: ANOVA test results for the questionnaire factors 

based on project success criteria: cost, time, quality and scope 
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ANOVA test results for questionnaire factors based on time impact 

Dependent Variable 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

OC1 Between 

Groups 
.164 2 .082 .240 .787 

Within 

Groups 
23.891 70 .341     

Total 24.055 72       

OC2 Between 

Groups 
.926 2 .463 1.116 .333 

Within 

Groups 
29.046 70 .415     

Total 29.973 72       

OC3 Between 

Groups 
2.325 2 1.163 1.776 .177 

Within 

Groups 
45.839 70 .655     

Total 48.164 72       

OC4 Between 

Groups 
.909 2 .455 .675 .512 

Within 

Groups 
47.145 70 .674     

Total 48.055 72       

OC5 Between 

Groups 
.859 2 .429 .610 .546 

Within 

Groups 
49.251 70 .704     

Total 50.110 72       

OC6 Between 

Groups 
3.485 2 1.742 2.755 .071 

Within 44.269 70 .632     
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Groups 

Total 47.753 72       

OC7 Between 

Groups 
.414 2 .207 .349 .707 

Within 

Groups 
41.558 70 .594     

Total 41.973 72       

OC8 Between 

Groups 
1.078 2 .539 .801 .453 

Within 

Groups 
47.141 70 .673     

Total 48.219 72       

OC9 Between 

Groups 
2.696 2 1.348 1.075 .347 

Within 

Groups 
87.742 70 1.253     

Total 90.438 72       

OC10 Between 

Groups 
.563 2 .282 .592 .556 

Within 

Groups 
33.273 70 .475     

Total 33.836 72       

OC11 Between 

Groups 
2.204 2 1.102 1.351 .266 

Within 

Groups 
57.111 70 .816     

Total 59.315 72       

OC12 Between 

Groups 
1.529 2 .765 .741 .480 

Within 

Groups 
72.224 70 1.032     
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Total 73.753 72       

OC13 Between 

Groups 
1.338 2 .669 .784 .460 

Within 

Groups 
59.703 70 .853     

Total 61.041 72       

OC14 Between 

Groups 
3.666 2 1.833 1.486 .233 

Within 

Groups 
86.361 70 1.234     

Total 90.027 72       

OC15 Between 

Groups 
1.732 2 .866 1.079 .345 

Within 

Groups 
56.185 70 .803     

Total 57.918 72       

OC16 Between 

Groups 
3.270 2 1.635 2.517 .088 

Within 

Groups 
45.470 70 .650     

Total 48.740 72       

OC17 Between 

Groups 
2.680 2 1.340 1.435 .245 

Within 

Groups 
65.348 70 .934     

Total 68.027 72       

OC18 Between 

Groups 
2.267 2 1.134 1.073 .348 

Within 

Groups 
73.979 70 1.057     

Total 76.247 72       
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CC1 Between 

Groups 
.363 2 .181 .451 .639 

Within 

Groups 
28.158 70 .402     

Total 28.521 72       

CC2 Between 

Groups 
.411 2 .205 .551 .579 

Within 

Groups 
26.110 70 .373     

Total 26.521 72       

CC3 Between 

Groups 
4.963 2 2.481 3.574 .033 

Within 

Groups 
48.599 70 .694     

Total 53.562 72       

CC4 Between 

Groups 
.214 2 .107 .123 .884 

Within 

Groups 
60.827 70 .869     

Total 61.041 72       

CC5 Between 

Groups 
.372 2 .186 .222 .801 

Within 

Groups 
58.614 70 .837     

Total 58.986 72       

CC6 Between 

Groups 
1.738 2 .869 1.465 .238 

Within 

Groups 
41.523 70 .593     

Total 43.260 72       

CC7 Between 

Groups 
4.294 2 2.147 3.518 .035 
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Within 

Groups 
42.720 70 .610     

Total 47.014 72       

CC8 Between 

Groups 
.319 2 .159 .214 .808 

Within 

Groups 
52.120 70 .745     

Total 52.438 72       

CC9 Between 

Groups 
.004 2 .002 .003 .997 

Within 

Groups 
45.667 70 .652     

Total 45.671 72       

CC10 Between 

Groups 
.183 2 .092 .135 .874 

Within 

Groups 
47.296 70 .676     

Total 47.479 72       

CC11 Between 

Groups 
1.729 2 .864 1.163 .318 

Within 

Groups 
52.024 70 .743     

Total 53.753 72       

CC12 Between 

Groups 
1.848 2 .924 1.200 .307 

Within 

Groups 
53.932 70 .770     

Total 55.781 72       

CC13 Between 

Groups 
.965 2 .483 .823 .443 

Within 

Groups 
41.062 70 .587     
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Total 42.027 72       

CC14 Between 

Groups 
2.586 2 1.293 1.760 .180 

Within 

Groups 
51.441 70 .735     

Total 54.027 72       

CC15 Between 

Groups 
4.676 2 2.338 2.680 .076 

Within 

Groups 
61.077 70 .873     

Total 65.753 72       

CC16 Between 

Groups 
1.421 2 .710 .926 .401 

Within 

Groups 
53.702 70 .767     

Total 55.123 72       

CC17 Between 

Groups 
.518 2 .259 .326 .723 

Within 

Groups 
55.564 70 .794     

Total 56.082 72       

CNC1 Between 

Groups 
.444 2 .222 .465 .630 

Within 

Groups 
33.392 70 .477     

Total 33.836 72       

CNC2 Between 

Groups 
.838 2 .419 .934 .398 

Within 

Groups 
31.382 70 .448     

Total 32.219 72       
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CNC3 Between 

Groups 
.239 2 .119 .313 .732 

Within 

Groups 
26.720 70 .382     

Total 26.959 72       

CNC4 Between 

Groups 
.969 2 .484 1.249 .293 

Within 

Groups 
27.141 70 .388     

Total 28.110 72       

CNC5 Between 

Groups 
3.920 2 1.960 2.367 .101 

Within 

Groups 
57.970 70 .828     

Total 61.890 72       

CNC6 Between 

Groups 
.998 2 .499 .991 .376 

Within 

Groups 
35.248 70 .504     

Total 36.247 72       

CNC7 Between 

Groups 
1.706 2 .853 1.749 .181 

Within 

Groups 
34.130 70 .488     

Total 35.836 72       

CNC8 Between 

Groups 
.547 2 .274 .740 .481 

Within 

Groups 
25.891 70 .370     

Total 26.438 72       

CNC9 Between 

Groups 
.062 2 .031 .058 .944 
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Within 

Groups 
37.417 70 .535     

Total 37.479 72       

CNC10 Between 

Groups 
1.208 2 .604 1.144 .325 

Within 

Groups 
36.957 70 .528     

Total 38.164 72       

CNC11 Between 

Groups 
2.806 2 1.403 2.006 .142 

Within 

Groups 
48.947 70 .699     

Total 51.753 72       

CNC12 Between 

Groups 
.314 2 .157 .195 .823 

Within 

Groups 
56.207 70 .803     

Total 56.521 72       

CNC13 Between 

Groups 
3.975 2 1.987 2.249 .113 

Within 

Groups 
61.861 70 .884     

Total 65.836 72       

CNC14 Between 

Groups 
10.129 2 5.064 5.836 .005 

Within 

Groups 
60.748 70 .868     

Total 70.877 72       

CNC15 Between 

Groups 
2.593 2 1.296 1.204 .306 

Within 

Groups 
75.380 70 1.077     
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Total 77.973 72       

CNC16 Between 

Groups 
1.044 2 .522 .859 .428 

Within 

Groups 
42.518 70 .607     

Total 43.562 72       

CNC17 Between 

Groups 
2.745 2 1.372 1.317 .274 

Within 

Groups 
72.927 70 1.042     

Total 75.671 72       

EC1 Between 

Groups 
.420 2 .210 .292 .748 

Within 

Groups 
50.320 70 .719     

Total 50.740 72       

EC2 Between 

Groups 
.798 2 .399 .441 .645 

Within 

Groups 
63.312 70 .904     

Total 64.110 72       

EC3 Between 

Groups 
2.073 2 1.037 1.095 .340 

Within 

Groups 
66.256 70 .947     

Total 68.329 72       

EC4 Between 

Groups 
1.561 2 .780 1.185 .312 

Within 

Groups 
46.110 70 .659     

Total 47.671 72       
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EC5 Between 

Groups 
6.411 2 3.206 4.264 .018 

Within 

Groups 
52.630 70 .752     

Total 59.041 72       

EC6 Between 

Groups 
5.798 2 2.899 3.894 .025 

Within 

Groups 
52.120 70 .745     

Total 57.918 72       

EC7 Between 

Groups 
.782 2 .391 .568 .569 

Within 

Groups 
48.177 70 .688     

Total 48.959 72       

EC8 Between 

Groups 
1.388 2 .694 .948 .393 

Within 

Groups 
51.242 70 .732     

Total 52.630 72       

EC9 Between 

Groups 
2.125 2 1.063 1.080 .345 

Within 

Groups 
68.861 70 .984     

Total 70.986 72       

EC10 Between 

Groups 
1.736 2 .868 1.129 .329 

Within 

Groups 
53.826 70 .769     

Total 55.562 72       

EC11 Between 

Groups 
.080 2 .040 .052 .949 
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Within 

Groups 
53.974 70 .771     

Total 54.055 72       

EC12 Between 

Groups 
3.995 2 1.997 1.787 .175 

Within 

Groups 
78.224 70 1.117     

Total 82.219 72       

 

 

 

CC3 

Tukey HSD
a,b

 

 Job title  N 

Subset for alpha = 0.05 

1 2 

Engineer 19 3.11   

Project 

manager 
42 3.14   

Managerial 

& Survivor 
12   3.83 

Sig.   .990 1.000 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 18.776. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 
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CC7 

Tukey HSD
a,b

 

 Job title  N 

Subset for alpha = 0.05 

1 2 

Project 

manager 
42 3.26   

Engineer 19 3.26   

Managerial 

& Survivor 
12   3.92 

Sig.   1.000 1.000 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 18.776. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 

 

 

CNC14 

Tukey HSD
a,b

 

 Job title  N 

Subset for alpha = 0.05 

1 2 

Project 

manager 
42 2.64   

Engineer 19 3.32 3.32 

Managerial 

& Survivor 
12   3.50 

Sig.   .076 .817 

Means for groups in homogeneous subsets are 
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displayed. 

a. Uses Harmonic Mean Sample Size = 18.776. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 

    

    

EC5 

Tukey HSD
a,b

 

 Job title  N 

Subset for alpha = 0.05 

1 2 

Engineer 19 2.53   

Project 

manager 
42 2.69   

Managerial 

& Survivor 
12   3.42 

Sig.   .831 1.000 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 18.776. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 
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EC6 

Tukey HSD
a,b

 

 Job title  N 

Subset for alpha = 0.05 

1 2 

Engineer 19 2.58   

Project 

manager 
42 2.71   

Managerial 

& Survivor 
12   3.42 

Sig.   .881 1.000 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 18.776. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 

 

 

   Post Hoc Tests    

Multiple Comparisons for questionnaire factors 

Tukey HSD 

Dependent Variable Mean 

Difference 

(I-J) 

Std. Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

OC1 

Project 

manager 

Engineer .054 .162 .941 -.33 .44 

Managerial 

& Survivor 
-.095 .191 .872 -.55 .36 

Engineer Project -.054 .162 .941 -.44 .33 
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manager 

Managerial 

& Survivor 
-.149 .215 .769 -.66 .37 

Managerial 

& Survivor 

Project 

manager 
.095 .191 .872 -.36 .55 

Engineer .149 .215 .769 -.37 .66 

OC2 

Project 

manager 

Engineer -.117 .178 .791 -.54 .31 

Managerial 

& Survivor 
-.310 .211 .312 -.81 .20 

Engineer 

Project 

manager 
.117 .178 .791 -.31 .54 

Managerial 

& Survivor 
-.193 .238 .697 -.76 .38 

Managerial 

& Survivor 

Project 

manager 
.310 .211 .312 -.20 .81 

Engineer .193 .238 .697 -.38 .76 

OC3 

Project 

manager 

Engineer .356 .224 .256 -.18 .89 

Managerial 

& Survivor 
.369 .265 .350 -.27 1.00 

Engineer 

Project 

manager 
-.356 .224 .256 -.89 .18 

Managerial 

& Survivor 
.013 .298 .999 -.70 .73 

Managerial 

& Survivor 

Project 

manager 
-.369 .265 .350 -1.00 .27 

Engineer -.013 .298 .999 -.73 .70 

OC4 

Project 

manager 

Engineer .080 .227 .934 -.46 .62 

Managerial 

& Survivor 
-.262 .269 .595 -.91 .38 

Engineer 
Project 

manager 
-.080 .227 .934 -.62 .46 
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Managerial 

& Survivor 
-.342 .303 .499 -1.07 .38 

Managerial 

& Survivor 

Project 

manager 
.262 .269 .595 -.38 .91 

Engineer .342 .303 .499 -.38 1.07 

OC5 

Project 

manager 

Engineer -.183 .232 .711 -.74 .37 

Managerial 

& Survivor 
-.262 .275 .608 -.92 .40 

Engineer 

Project 

manager 
.183 .232 .711 -.37 .74 

Managerial 

& Survivor 
-.079 .309 .965 -.82 .66 

Managerial 

& Survivor 

Project 

manager 
.262 .275 .608 -.40 .92 

Engineer .079 .309 .965 -.66 .82 

OC6 

Project 

manager 

Engineer .505 .220 .063 -.02 1.03 

Managerial 

& Survivor 
.036 .260 .990 -.59 .66 

Engineer 

Project 

manager 
-.505 .220 .063 -1.03 .02 

Managerial 

& Survivor 
-.469 .293 .252 -1.17 .23 

Managerial 

& Survivor 

Project 

manager 
-.036 .260 .990 -.66 .59 

Engineer .469 .293 .252 -.23 1.17 

OC7 

Project 

manager 

Engineer -.093 .213 .901 -.60 .42 

Managerial 

& Survivor 
-.202 .252 .703 -.81 .40 

Engineer 

Project 

manager 
.093 .213 .901 -.42 .60 

Managerial 

& Survivor 
-.110 .284 .921 -.79 .57 
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Managerial 

& Survivor 

Project 

manager 
.202 .252 .703 -.40 .81 

Engineer .110 .284 .921 -.57 .79 

OC8 

Project 

manager 

Engineer .279 .227 .439 -.26 .82 

Managerial 

& Survivor 
.012 .269 .999 -.63 .66 

Engineer 

Project 

manager 
-.279 .227 .439 -.82 .26 

Managerial 

& Survivor 
-.268 .303 .652 -.99 .46 

Managerial 

& Survivor 

Project 

manager 
-.012 .269 .999 -.66 .63 

Engineer .268 .303 .652 -.46 .99 

OC9 

Project 

manager 

Engineer .154 .310 .873 -.59 .90 

Managerial 

& Survivor 
.536 .366 .315 -.34 1.41 

Engineer 

Project 

manager 
-.154 .310 .873 -.90 .59 

Managerial 

& Survivor 
.382 .413 .627 -.61 1.37 

Managerial 

& Survivor 

Project 

manager 
-.536 .366 .315 -1.41 .34 

Engineer -.382 .413 .627 -1.37 .61 

OC10 

Project 

manager 

Engineer .098 .191 .865 -.36 .55 

Managerial 

& Survivor 
-.179 .226 .710 -.72 .36 

Engineer 

Project 

manager 
-.098 .191 .865 -.55 .36 

Managerial 

& Survivor 
-.276 .254 .525 -.89 .33 

Managerial 

& Survivor 

Project 

manager 
.179 .226 .710 -.36 .72 
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Engineer .276 .254 .525 -.33 .89 

OC11 

Project 

manager 

Engineer .014 .250 .998 -.58 .61 

Managerial 

& Survivor 
-.464 .296 .265 -1.17 .24 

Engineer 

Project 

manager 
-.014 .250 .998 -.61 .58 

Managerial 

& Survivor 
-.478 .333 .328 -1.28 .32 

Managerial 

& Survivor 

Project 

manager 
.464 .296 .265 -.24 1.17 

Engineer .478 .333 .328 -.32 1.28 

OC12 

Project 

manager 

Engineer .089 .281 .946 -.58 .76 

Managerial 

& Survivor 
.405 .332 .447 -.39 1.20 

Engineer 

Project 

manager 
-.089 .281 .946 -.76 .58 

Managerial 

& Survivor 
.316 .375 .678 -.58 1.21 

Managerial 

& Survivor 

Project 

manager 
-.405 .332 .447 -1.20 .39 

Engineer -.316 .375 .678 -1.21 .58 

OC13 

Project 

manager 

Engineer -.207 .255 .698 -.82 .40 

Managerial 

& Survivor 
.214 .302 .759 -.51 .94 

Engineer 

Project 

manager 
.207 .255 .698 -.40 .82 

Managerial 

& Survivor 
.421 .341 .436 -.39 1.24 

Managerial 

& Survivor 

Project 

manager 
-.214 .302 .759 -.94 .51 

Engineer -.421 .341 .436 -1.24 .39 
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OC14 

Project 

manager 

Engineer .058 .307 .981 -.68 .79 

Managerial 

& Survivor 
.619 .364 .211 -.25 1.49 

Engineer 

Project 

manager 
-.058 .307 .981 -.79 .68 

Managerial 

& Survivor 
.561 .410 .362 -.42 1.54 

Managerial 

& Survivor 

Project 

manager 
-.619 .364 .211 -1.49 .25 

Engineer -.561 .410 .362 -1.54 .42 

OC15 

Project 

manager 

Engineer .338 .248 .364 -.25 .93 

Managerial 

& Survivor 
-.048 .293 .986 -.75 .65 

Engineer 

Project 

manager 
-.338 .248 .364 -.93 .25 

Managerial 

& Survivor 
-.386 .330 .476 -1.18 .41 

Managerial 

& Survivor 

Project 

manager 
.048 .293 .986 -.65 .75 

Engineer .386 .330 .476 -.41 1.18 

OC16 

Project 

manager 

Engineer -.001 .223 1.000 -.53 .53 

Managerial 

& Survivor 
-.571 .264 .084 -1.20 .06 

Engineer 

Project 

manager 
.001 .223 1.000 -.53 .53 

Managerial 

& Survivor 
-.570 .297 .141 -1.28 .14 

Managerial 

& Survivor 

Project 

manager 
.571 .264 .084 -.06 1.20 

Engineer .570 .297 .141 -.14 1.28 

OC17 
Project 

Engineer -.128 .267 .882 -.77 .51 
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manager Managerial 

& Survivor 
-.536 .316 .215 -1.29 .22 

Engineer 

Project 

manager 
.128 .267 .882 -.51 .77 

Managerial 

& Survivor 
-.408 .356 .490 -1.26 .45 

Managerial 

& Survivor 

Project 

manager 
.536 .316 .215 -.22 1.29 

Engineer .408 .356 .490 -.45 1.26 

OC18 

Project 

manager 

Engineer .409 .284 .328 -.27 1.09 

Managerial 

& Survivor 
.036 .337 .994 -.77 .84 

Engineer 

Project 

manager 
-.409 .284 .328 -1.09 .27 

Managerial 

& Survivor 
-.373 .379 .590 -1.28 .53 

Managerial 

& Survivor 

Project 

manager 
-.036 .337 .994 -.84 .77 

Engineer .373 .379 .590 -.53 1.28 

CC1 

Project 

manager 

Engineer -.123 .175 .764 -.54 .30 

Managerial 

& Survivor 
-.167 .208 .703 -.66 .33 

Engineer 

Project 

manager 
.123 .175 .764 -.30 .54 

Managerial 

& Survivor 
-.044 .234 .981 -.60 .52 

Managerial 

& Survivor 

Project 

manager 
.167 .208 .703 -.33 .66 

Engineer .044 .234 .981 -.52 .60 

CC2 

Project 

manager 

Engineer -.175 .169 .555 -.58 .23 

Managerial 

& Survivor 
-.083 .200 .909 -.56 .40 
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Engineer 

Project 

manager 
.175 .169 .555 -.23 .58 

Managerial 

& Survivor 
.092 .225 .912 -.45 .63 

Managerial 

& Survivor 

Project 

manager 
.083 .200 .909 -.40 .56 

Engineer -.092 .225 .912 -.63 .45 

CC3 

Project 

manager 

Engineer .038 .230 .985 -.51 .59 

Managerial 

& Survivor 
-.690

*
 .273 .036 -1.34 -.04 

Engineer 

Project 

manager 
-.038 .230 .985 -.59 .51 

Managerial 

& Survivor 
-.728 .307 .053 -1.46 .01 

Managerial 

& Survivor 

Project 

manager 
.690

*
 .273 .036 .04 1.34 

Engineer .728 .307 .053 -.01 1.46 

CC4 

Project 

manager 

Engineer -.073 .258 .957 -.69 .54 

Managerial 

& Survivor 
-.143 .305 .886 -.87 .59 

Engineer 

Project 

manager 
.073 .258 .957 -.54 .69 

Managerial 

& Survivor 
-.070 .344 .977 -.89 .75 

Managerial 

& Survivor 

Project 

manager 
.143 .305 .886 -.59 .87 

Engineer .070 .344 .977 -.75 .89 

CC5 

Project 

manager 

Engineer .053 .253 .976 -.55 .66 

Managerial 

& Survivor 
-.167 .300 .844 -.88 .55 

Engineer 
Project 

manager 
-.053 .253 .976 -.66 .55 
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Managerial 

& Survivor 
-.219 .337 .793 -1.03 .59 

Managerial 

& Survivor 

Project 

manager 
.167 .300 .844 -.55 .88 

Engineer .219 .337 .793 -.59 1.03 

CC6 

Project 

manager 

Engineer -.212 .213 .583 -.72 .30 

Managerial 

& Survivor 
-.405 .252 .250 -1.01 .20 

Engineer 

Project 

manager 
.212 .213 .583 -.30 .72 

Managerial 

& Survivor 
-.193 .284 .776 -.87 .49 

Managerial 

& Survivor 

Project 

manager 
.405 .252 .250 -.20 1.01 

Engineer .193 .284 .776 -.49 .87 

CC7 

Project 

manager 

Engineer -.001 .216 1.000 -.52 .52 

Managerial 

& Survivor 
-.655

*
 .256 .033 -1.27 -.04 

Engineer 

Project 

manager 
.001 .216 1.000 -.52 .52 

Managerial 

& Survivor 
-.654 .288 .067 -1.34 .04 

Managerial 

& Survivor 

Project 

manager 
.655

*
 .256 .033 .04 1.27 

Engineer .654 .288 .067 -.04 1.34 

CC8 

Project 

manager 

Engineer -.135 .239 .838 -.71 .44 

Managerial 

& Survivor 
-.131 .282 .888 -.81 .55 

Engineer 

Project 

manager 
.135 .239 .838 -.44 .71 

Managerial 

& Survivor 
.004 .318 1.000 -.76 .77 
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Managerial 

& Survivor 

Project 

manager 
.131 .282 .888 -.55 .81 

Engineer -.004 .318 1.000 -.77 .76 

CC9 

Project 

manager 

Engineer -.016 .223 .997 -.55 .52 

Managerial 

& Survivor 
-.012 .264 .999 -.64 .62 

Engineer 

Project 

manager 
.016 .223 .997 -.52 .55 

Managerial 

& Survivor 
.004 .298 1.000 -.71 .72 

Managerial 

& Survivor 

Project 

manager 
.012 .264 .999 -.62 .64 

Engineer -.004 .298 1.000 -.72 .71 

CC10 

Project 

manager 

Engineer -.117 .227 .865 -.66 .43 

Managerial 

& Survivor 
-.060 .269 .973 -.70 .58 

Engineer 

Project 

manager 
.117 .227 .865 -.43 .66 

Managerial 

& Survivor 
.057 .303 .981 -.67 .78 

Managerial 

& Survivor 

Project 

manager 
.060 .269 .973 -.58 .70 

Engineer -.057 .303 .981 -.78 .67 

CC11 

Project 

manager 

Engineer -.231 .238 .600 -.80 .34 

Managerial 

& Survivor 
-.393 .282 .350 -1.07 .28 

Engineer 

Project 

manager 
.231 .238 .600 -.34 .80 

Managerial 

& Survivor 
-.162 .318 .866 -.92 .60 

Managerial 

& Survivor 

Project 

manager 
.393 .282 .350 -.28 1.07 
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Engineer .162 .318 .866 -.60 .92 

CC12 

Project 

manager 

Engineer -.296 .243 .446 -.88 .29 

Managerial 

& Survivor 
-.357 .287 .432 -1.05 .33 

Engineer 

Project 

manager 
.296 .243 .446 -.29 .88 

Managerial 

& Survivor 
-.061 .324 .980 -.84 .71 

Managerial 

& Survivor 

Project 

manager 
.357 .287 .432 -.33 1.05 

Engineer .061 .324 .980 -.71 .84 

CC13 

Project 

manager 

Engineer -.063 .212 .953 -.57 .44 

Managerial 

& Survivor 
-.321 .251 .410 -.92 .28 

Engineer 

Project 

manager 
.063 .212 .953 -.44 .57 

Managerial 

& Survivor 
-.259 .282 .632 -.94 .42 

Managerial 

& Survivor 

Project 

manager 
.321 .251 .410 -.28 .92 

Engineer .259 .282 .632 -.42 .94 

CC14 

Project 

manager 

Engineer .278 .237 .473 -.29 .85 

Managerial 

& Survivor 
-.310 .281 .515 -.98 .36 

Engineer 

Project 

manager 
-.278 .237 .473 -.85 .29 

Managerial 

& Survivor 
-.588 .316 .158 -1.34 .17 

Managerial 

& Survivor 

Project 

manager 
.310 .281 .515 -.36 .98 

Engineer .588 .316 .158 -.17 1.34 
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CC15 

Project 

manager 

Engineer .594 .258 .062 -.02 1.21 

Managerial 

& Survivor 
.107 .306 .935 -.63 .84 

Engineer 

Project 

manager 
-.594 .258 .062 -1.21 .02 

Managerial 

& Survivor 
-.487 .344 .340 -1.31 .34 

Managerial 

& Survivor 

Project 

manager 
-.107 .306 .935 -.84 .63 

Engineer .487 .344 .340 -.34 1.31 

CC16 

Project 

manager 

Engineer .071 .242 .953 -.51 .65 

Managerial 

& Survivor 
-.345 .287 .455 -1.03 .34 

Engineer 

Project 

manager 
-.071 .242 .953 -.65 .51 

Managerial 

& Survivor 
-.417 .323 .405 -1.19 .36 

Managerial 

& Survivor 

Project 

manager 
.345 .287 .455 -.34 1.03 

Engineer .417 .323 .405 -.36 1.19 

CC17 

Project 

manager 

Engineer -.155 .246 .804 -.75 .43 

Managerial 

& Survivor 
-.190 .292 .791 -.89 .51 

Engineer 

Project 

manager 
.155 .246 .804 -.43 .75 

Managerial 

& Survivor 
-.035 .329 .994 -.82 .75 

Managerial 

& Survivor 

Project 

manager 
.190 .292 .791 -.51 .89 

Engineer .035 .329 .994 -.75 .82 

CNC1 
Project 

Engineer .021 .191 .993 -.44 .48 
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manager Managerial 

& Survivor 
-.202 .226 .645 -.74 .34 

Engineer 

Project 

manager 
-.021 .191 .993 -.48 .44 

Managerial 

& Survivor 
-.224 .255 .656 -.83 .39 

Managerial 

& Survivor 

Project 

manager 
.202 .226 .645 -.34 .74 

Engineer .224 .255 .656 -.39 .83 

CNC2 

Project 

manager 

Engineer .079 .185 .905 -.36 .52 

Managerial 

& Survivor 
-.250 .219 .493 -.77 .27 

Engineer 

Project 

manager 
-.079 .185 .905 -.52 .36 

Managerial 

& Survivor 
-.329 .247 .382 -.92 .26 

Managerial 

& Survivor 

Project 

manager 
.250 .219 .493 -.27 .77 

Engineer .329 .247 .382 -.26 .92 

CNC3 

Project 

manager 

Engineer .001 .171 1.000 -.41 .41 

Managerial 

& Survivor 
.155 .202 .725 -.33 .64 

Engineer 

Project 

manager 
-.001 .171 1.000 -.41 .41 

Managerial 

& Survivor 
.154 .228 .779 -.39 .70 

Managerial 

& Survivor 

Project 

manager 
-.155 .202 .725 -.64 .33 

Engineer -.154 .228 .779 -.70 .39 

CNC4 

Project 

manager 

Engineer -.089 .172 .863 -.50 .32 

Managerial 

& Survivor 
-.321 .204 .262 -.81 .17 
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Engineer 

Project 

manager 
.089 .172 .863 -.32 .50 

Managerial 

& Survivor 
-.232 .230 .572 -.78 .32 

Managerial 

& Survivor 

Project 

manager 
.321 .204 .262 -.17 .81 

Engineer .232 .230 .572 -.32 .78 

CNC5 

Project 

manager 

Engineer .501 .252 .122 -.10 1.10 

Managerial 

& Survivor 
-.095 .298 .945 -.81 .62 

Engineer 

Project 

manager 
-.501 .252 .122 -1.10 .10 

Managerial 

& Survivor 
-.596 .336 .185 -1.40 .21 

Managerial 

& Survivor 

Project 

manager 
.095 .298 .945 -.62 .81 

Engineer .596 .336 .185 -.21 1.40 

CNC6 

Project 

manager 

Engineer .208 .196 .542 -.26 .68 

Managerial 

& Survivor 
-.143 .232 .812 -.70 .41 

Engineer 

Project 

manager 
-.208 .196 .542 -.68 .26 

Managerial 

& Survivor 
-.351 .262 .378 -.98 .28 

Managerial 

& Survivor 

Project 

manager 
.143 .232 .812 -.41 .70 

Engineer .351 .262 .378 -.28 .98 

CNC7 

Project 

manager 

Engineer .050 .193 .964 -.41 .51 

Managerial 

& Survivor 
-.393 .229 .205 -.94 .15 

Engineer 
Project 

manager 
-.050 .193 .964 -.51 .41 
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Managerial 

& Survivor 
-.443 .257 .205 -1.06 .17 

Managerial 

& Survivor 

Project 

manager 
.393 .229 .205 -.15 .94 

Engineer .443 .257 .205 -.17 1.06 

CNC8 

Project 

manager 

Engineer -.089 .168 .857 -.49 .31 

Managerial 

& Survivor 
-.238 .199 .459 -.71 .24 

Engineer 

Project 

manager 
.089 .168 .857 -.31 .49 

Managerial 

& Survivor 
-.149 .224 .784 -.69 .39 

Managerial 

& Survivor 

Project 

manager 
.238 .199 .459 -.24 .71 

Engineer .149 .224 .784 -.39 .69 

CNC9 

Project 

manager 

Engineer .016 .202 .996 -.47 .50 

Managerial 

& Survivor 
-.071 .239 .952 -.64 .50 

Engineer 

Project 

manager 
-.016 .202 .996 -.50 .47 

Managerial 

& Survivor 
-.088 .270 .943 -.73 .56 

Managerial 

& Survivor 

Project 

manager 
.071 .239 .952 -.50 .64 

Engineer .088 .270 .943 -.56 .73 

CNC10 

Project 

manager 

Engineer .060 .201 .952 -.42 .54 

Managerial 

& Survivor 
-.321 .238 .372 -.89 .25 

Engineer 

Project 

manager 
-.060 .201 .952 -.54 .42 

Managerial 

& Survivor 
-.382 .268 .334 -1.02 .26 
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Managerial 

& Survivor 

Project 

manager 
.321 .238 .372 -.25 .89 

Engineer .382 .268 .334 -.26 1.02 

CNC11 

Project 

manager 

Engineer .281 .231 .449 -.27 .83 

Managerial 

& Survivor 
-.333 .274 .447 -.99 .32 

Engineer 

Project 

manager 
-.281 .231 .449 -.83 .27 

Managerial 

& Survivor 
-.614 .308 .122 -1.35 .12 

Managerial 

& Survivor 

Project 

manager 
.333 .274 .447 -.32 .99 

Engineer .614 .308 .122 -.12 1.35 

CNC12 

Project 

manager 

Engineer .107 .248 .903 -.49 .70 

Managerial 

& Survivor 
-.095 .293 .944 -.80 .61 

Engineer 

Project 

manager 
-.107 .248 .903 -.70 .49 

Managerial 

& Survivor 
-.202 .330 .815 -.99 .59 

Managerial 

& Survivor 

Project 

manager 
.095 .293 .944 -.61 .80 

Engineer .202 .330 .815 -.59 .99 

CNC13 

Project 

manager 

Engineer .347 .260 .380 -.28 .97 

Managerial 

& Survivor 
-.381 .308 .435 -1.12 .36 

Engineer 

Project 

manager 
-.347 .260 .380 -.97 .28 

Managerial 

& Survivor 
-.728 .347 .097 -1.56 .10 

Managerial 

& Survivor 

Project 

manager 
.381 .308 .435 -.36 1.12 
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Engineer .728 .347 .097 -.10 1.56 

CNC14 

Project 

manager 

Engineer -.673
*
 .258 .029 -1.29 -.06 

Managerial 

& Survivor 
-.857

*
 .305 .017 -1.59 -.13 

Engineer 

Project 

manager 
.673

*
 .258 .029 .06 1.29 

Managerial 

& Survivor 
-.184 .344 .854 -1.01 .64 

Managerial 

& Survivor 

Project 

manager 
.857

*
 .305 .017 .13 1.59 

Engineer .184 .344 .854 -.64 1.01 

CNC15 

Project 

manager 

Engineer .164 .287 .835 -.52 .85 

Managerial 

& Survivor 
.524 .340 .278 -.29 1.34 

Engineer 

Project 

manager 
-.164 .287 .835 -.85 .52 

Managerial 

& Survivor 
.360 .383 .617 -.56 1.28 

Managerial 

& Survivor 

Project 

manager 
-.524 .340 .278 -1.34 .29 

Engineer -.360 .383 .617 -1.28 .56 

CNC16 

Project 

manager 

Engineer -.096 .215 .896 -.61 .42 

Managerial 

& Survivor 
-.333 .255 .396 -.94 .28 

Engineer 

Project 

manager 
.096 .215 .896 -.42 .61 

Managerial 

& Survivor 
-.237 .287 .689 -.92 .45 

Managerial 

& Survivor 

Project 

manager 
.333 .255 .396 -.28 .94 

Engineer .237 .287 .689 -.45 .92 
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CNC17 

Project 

manager 

Engineer .303 .282 .533 -.37 .98 

Managerial 

& Survivor 
-.298 .334 .648 -1.10 .50 

Engineer 

Project 

manager 
-.303 .282 .533 -.98 .37 

Managerial 

& Survivor 
-.601 .376 .254 -1.50 .30 

Managerial 

& Survivor 

Project 

manager 
.298 .334 .648 -.50 1.10 

Engineer .601 .376 .254 -.30 1.50 

EC1 

Project 

manager 

Engineer -.140 .234 .821 -.70 .42 

Managerial 

& Survivor 
.083 .278 .952 -.58 .75 

Engineer 

Project 

manager 
.140 .234 .821 -.42 .70 

Managerial 

& Survivor 
.224 .313 .755 -.52 .97 

Managerial 

& Survivor 

Project 

manager 
-.083 .278 .952 -.75 .58 

Engineer -.224 .313 .755 -.97 .52 

EC2 

Project 

manager 

Engineer -.247 .263 .618 -.88 .38 

Managerial 

& Survivor 
-.071 .311 .971 -.82 .67 

Engineer 

Project 

manager 
.247 .263 .618 -.38 .88 

Managerial 

& Survivor 
.175 .351 .871 -.66 1.02 

Managerial 

& Survivor 

Project 

manager 
.071 .311 .971 -.67 .82 

Engineer -.175 .351 .871 -1.02 .66 

EC3 
Project 

Engineer -.311 .269 .484 -.95 .33 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

370 

manager Managerial 

& Survivor 
-.381 .318 .459 -1.14 .38 

Engineer 

Project 

manager 
.311 .269 .484 -.33 .95 

Managerial 

& Survivor 
-.070 .359 .979 -.93 .79 

Managerial 

& Survivor 

Project 

manager 
.381 .318 .459 -.38 1.14 

Engineer .070 .359 .979 -.79 .93 

EC4 

Project 

manager 

Engineer .218 .224 .597 -.32 .76 

Managerial 

& Survivor 
-.238 .266 .644 -.87 .40 

Engineer 

Project 

manager 
-.218 .224 .597 -.76 .32 

Managerial 

& Survivor 
-.456 .299 .286 -1.17 .26 

Managerial 

& Survivor 

Project 

manager 
.238 .266 .644 -.40 .87 

Engineer .456 .299 .286 -.26 1.17 

EC5 

Project 

manager 

Engineer .164 .240 .773 -.41 .74 

Managerial 

& Survivor 
-.726

*
 .284 .034 -1.41 -.05 

Engineer 

Project 

manager 
-.164 .240 .773 -.74 .41 

Managerial 

& Survivor 
-.890

*
 .320 .019 -1.66 -.12 

Managerial 

& Survivor 

Project 

manager 
.726

*
 .284 .034 .05 1.41 

Engineer .890
*
 .320 .019 .12 1.66 

EC6 

Project 

manager 

Engineer .135 .239 .838 -.44 .71 

Managerial 

& Survivor 
-.702

*
 .282 .040 -1.38 -.03 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

371 

Engineer 

Project 

manager 
-.135 .239 .838 -.71 .44 

Managerial 

& Survivor 
-.838

*
 .318 .028 -1.60 -.08 

Managerial 

& Survivor 

Project 

manager 
.702

*
 .282 .040 .03 1.38 

Engineer .838
*
 .318 .028 .08 1.60 

EC7 

Project 

manager 

Engineer -.102 .229 .898 -.65 .45 

Managerial 

& Survivor 
-.286 .272 .547 -.94 .36 

Engineer 

Project 

manager 
.102 .229 .898 -.45 .65 

Managerial 

& Survivor 
-.184 .306 .819 -.92 .55 

Managerial 

& Survivor 

Project 

manager 
.286 .272 .547 -.36 .94 

Engineer .184 .306 .819 -.55 .92 

EC8 

Project 

manager 

Engineer -.321 .237 .369 -.89 .25 

Managerial 

& Survivor 
-.036 .280 .991 -.71 .63 

Engineer 

Project 

manager 
.321 .237 .369 -.25 .89 

Managerial 

& Survivor 
.285 .315 .640 -.47 1.04 

Managerial 

& Survivor 

Project 

manager 
.036 .280 .991 -.63 .71 

Engineer -.285 .315 .640 -1.04 .47 

EC9 

Project 

manager 

Engineer -.224 .274 .693 -.88 .43 

Managerial 

& Survivor 
-.452 .325 .350 -1.23 .33 

Engineer 
Project 

manager 
.224 .274 .693 -.43 .88 
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Managerial 

& Survivor 
-.228 .366 .808 -1.10 .65 

Managerial 

& Survivor 

Project 

manager 
.452 .325 .350 -.33 1.23 

Engineer .228 .366 .808 -.65 1.10 

EC10 

Project 

manager 

Engineer -.249 .242 .561 -.83 .33 

Managerial 

& Survivor 
-.381 .287 .385 -1.07 .31 

Engineer 

Project 

manager 
.249 .242 .561 -.33 .83 

Managerial 

& Survivor 
-.132 .323 .913 -.91 .64 

Managerial 

& Survivor 

Project 

manager 
.381 .287 .385 -.31 1.07 

Engineer .132 .323 .913 -.64 .91 

EC11 

Project 

manager 

Engineer .078 .243 .945 -.50 .66 

Managerial 

& Survivor 
.012 .287 .999 -.68 .70 

Engineer 

Project 

manager 
-.078 .243 .945 -.66 .50 

Managerial 

& Survivor 
-.066 .324 .978 -.84 .71 

Managerial 

& Survivor 

Project 

manager 
-.012 .287 .999 -.70 .68 

Engineer .066 .324 .978 -.71 .84 

EC12 

Project 

manager 

Engineer .089 .292 .950 -.61 .79 

Managerial 

& Survivor 
-.595 .346 .205 -1.42 .23 

Engineer 

Project 

manager 
-.089 .292 .950 -.79 .61 

Managerial -.684 .390 .192 -1.62 .25 
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& Survivor 

Managerial 

& Survivor 

Project 

manager 
.595 .346 .205 -.23 1.42 

Engineer .684 .390 .192 -.25 1.62 

*. The mean difference is significant at the 0.05 level. 
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ANOVA test results for questionnaire factors based on cost impact 

Dependent Variable 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

OC1 Between 

Groups 
.164 2 .082 .152 .859 

  Within 

Groups 
37.808 70 .540     

  Total 37.973 72       

OC2 Between 

Groups 
3.884 2 1.942 3.504 .035 

  Within 

Groups 
38.801 70 .554     

  Total 42.685 72       

OC3 Between 

Groups 
0.095 2 0.048 0.079 .924 

  Within 

Groups 
41.932 70 .599     

  Total 42.027 72       

OC4 Between 

Groups 
.429 2 .214 .281 .756 

  Within 

Groups 
53.352 70 .762     

  Total 53.781 72       

OC5 Between 

Groups 
1.874 2 .937 1.119 .332 

  Within 

Groups 
58.619 70 .837     

  Total 60.493 72       

OC6 Between 

Groups 
2.828 2 1.414 1.816 .170 

  Within 

Groups 
54.514 70 .779     
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  Total 57.342 72       

OC7 Between 

Groups 
2.998 2 1.499 3.621 .032 

  Within 

Groups 
28.975 70 .414     

  Total 31.973 72       

OC8 Between 

Groups 
5.635 2 2.817 3.329 .042 

  Within 

Groups 
59.242 70 .846     

  Total 64.877 72       

OC9 Between 

Groups 
0.653 2 0.327 0.307 .737 

  Within 

Groups 
74.470 70 1.064     

  Total 75.123 72       

OC10 Between 

Groups 
1.428 2 .714 1.128 .330 

  Within 

Groups 
44.325 70 .633     

  Total 45.753 72       

OC11 Between 

Groups 
1.618 2 0.809 0.939 .396 

  Within 

Groups 
60.327 70 .862     

  Total 61.945 72       

OC12 Between 

Groups 
0.444 2 .222 .271 .764 

  Within 

Groups 
57.392 70 0.820     

  Total 57.836 72       
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OC13 Between 

Groups 
1.225 2 .613 .676 .512 

  Within 

Groups 
63.432 70 .906     

  Total 64.658 72       

OC14 Between 

Groups 
0.132 2 0.066 0.066 .936 

  Within 

Groups 
69.922 70 0.999     

  Total 70.055 72       

OC15 Between 

Groups 
0.252 2 .126 0.140 .870 

  Within 

Groups 
63.090 70 .901     

  Total 63.342 72       

OC16 Between 

Groups 
5.954 2 2.977 3.764 .028 

  Within 

Groups 
55.361 70 .791     

  Total 61.315 72       

OC17 Between 

Groups 
1.697 2 0.849 0.848 .433 

  Within 

Groups 
70.083 70 1.001     

  Total 71.781 72       

OC18 Between 

Groups 
0.384 2 0.192 0.159 .853 

  Within 

Groups 
84.630 70 1.209     

  Total 85.014 72       

CC1 Between 

Groups 
1.209 2 .605 1.201 .307 
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  Within 

Groups 
35.229 70 .503     

  Total 36.438 72       

CC2 Between 

Groups 
.945 2 .472 .650 .525 

  Within 

Groups 
50.891 70 .727     

  Total 51.836 72       

CC3 Between 

Groups 
2.069 2 1.034 1.210 .304 

  Within 

Groups 
59.849 70 .855     

  Total 61.918 72       

CC4 Between 

Groups 
1.913 2 .956 1.629 .203 

  Within 

Groups 
41.101 70 .587     

  Total 43.014 72       

CC5 Between 

Groups 
1.783 2 .891 1.040 .359 

  Within 

Groups 
59.998 70 .857     

  Total 61.781 72       

CC6 Between 

Groups 
0.400 2 .200 0.246 .782 

  Within 

Groups 
56.915 70 .813     

  Total 57.315 72       

CC7 Between 

Groups 
2.536 2 1.268 1.659 .198 

  Within 

Groups 
53.492 70 .764     
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  Total 56.027 72       

CC8 Between 

Groups 
3.239 2 1.620 2.108 .129 

  Within 

Groups 
53.774 70 .768     

  Total 57.014 72       

CC9 Between 

Groups 
1.033 2 .517 .809 .449 

  Within 

Groups 
44.720 70 .639     

  Total 45.753 72       

CC10 Between 

Groups 
.700 2 .350 .553 .578 

  Within 

Groups 
44.314 70 .633     

  Total 45.014 72       

CC11 Between 

Groups 
0.319 2 .159 0.169 .845 

  Within 

Groups 
66.120 70 .945     

  Total 66.438 72       

CC12 Between 

Groups 
3.318 2 1.659 1.725 .186 

  Within 

Groups 
67.312 70 .962     

  Total 70.630 72       

CC13 Between 

Groups 
2.627 2 1.313 1.701 .190 

  Within 

Groups 
54.058 70 .772     

  Total 56.685 72       
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CC14 Between 

Groups 
2.175 2 1.088 1.686 .193 

  Within 

Groups 
45.167 70 .645     

  Total 47.342 72       

CC15 Between 

Groups 
1.432 2 0.716 0.521 .596 

  Within 

Groups 
96.130 70 1.373     

  Total 97.562 72       

CC16 Between 

Groups 
4.714 2 2.357 2.880 .063 

  Within 

Groups 
57.286 70 .818     

  Total 62.000 72       

CC17 Between 

Groups 
.326 2 .163 .191 .826 

  Within 

Groups 
59.510 70 .850     

  Total 59.836 72       

CNC1 Between 

Groups 
.390 2 .195 .404 .669 

  Within 

Groups 
33.774 70 .482     

  Total 34.164 72       

CNC2 Between 

Groups 
3.116 2 1.558 2.970 .058 

  Within 

Groups 
36.720 70 .525     

  Total 39.836 72       

CNC3 Between 

Groups 
.283 2 .142 .294 .746 
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  Within 

Groups 
33.689 70 .481     

  Total 33.973 72       

CNC4 Between 

Groups 
.498 2 .249 0.369 .693 

  Within 

Groups 
47.256 70 .675     

  Total 47.753 72       

CNC5 Between 

Groups 
0.161 2 0.080 0.108 .898 

  Within 

Groups 
52.058 70 .744     

  Total 52.219 72       

CNC6 Between 

Groups 
5.412 2 2.706 4.344 .017 

  Within 

Groups 
43.602 70 .623     

  Total 49.014 72       

CNC7 Between 

Groups 
2.379 2 1.189 1.722 .186 

  Within 

Groups 
48.361 70 .691     

  Total 50.740 72       

CNC8 Between 

Groups 
2.351 2 1.176 1.481 .234 

  Within 

Groups 
55.566 70 .794     

  Total 57.918 72       

CNC9 Between 

Groups 
1.888 2 .944 1.068 .349 

  Within 

Groups 
61.893 70 .884     
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  Total 63.781 72       

CNC10 Between 

Groups 
1.285 2 .642 0.890 .415 

  Within 

Groups 
50.551 70 .722     

  Total 51.836 72       

CNC11 Between 

Groups 
0.701 2 0.351 0.496 .611 

  Within 

Groups 
49.463 70 .707     

  Total 50.164 72       

CNC12 Between 

Groups 
.437 2 .218 .304 .739 

  Within 

Groups 
50.194 70 .717     

  Total 50.630 72       

CNC13 Between 

Groups 
2.126 2 1.063 1.257 .291 

  Within 

Groups 
59.189 70 .846     

  Total 61.315 72       

CNC14 Between 

Groups 
4.830 2 2.415 2.861 .064 

  Within 

Groups 
59.088 70 .844     

  Total 63.918 72       

CNC15 Between 

Groups 
0.635 2 0.318 0.349 .707 

  Within 

Groups 
63.694 70 0.910     

  Total 64.329 72       
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CNC16 Between 

Groups 
2.043 2 1.021 1.086 .343 

  Within 

Groups 
65.848 70 .941     

  Total 67.890 72       

CNC17 Between 

Groups 
4.022 2 2.011 2.277 .110 

  Within 

Groups 
61.814 70 0.883     

  Total 65.836 72       

EC1 Between 

Groups 
3.038 2 1.519 1.691 .192 

  Within 

Groups 
62.880 70 .898     

  Total 65.918 72       

EC2 Between 

Groups 
.089 2 .045 .046 .955 

  Within 

Groups 
68.130 70 .973     

  Total 68.219 72       

EC3 Between 

Groups 
2.401 2 1.201 1.243 .295 

  Within 

Groups 
67.599 70 .966     

  Total 70.000 72       

EC4 Between 

Groups 
0.658 2 .329 0.477 .623 

  Within 

Groups 
48.355 70 .691     

  Total 49.014 72       

EC5 Between 

Groups 
2.465 2 1.232 1.744 .182 
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  Within 

Groups 
49.453 70 .706     

  Total 51.918 72       

EC6 Between 

Groups 
4.190 2 2.095 3.314 .042 

  Within 

Groups 
44.248 70 .632     

  Total 48.438 72       

EC7 Between 

Groups 
2.267 2 1.133 1.541 .221 

  Within 

Groups 
51.487 70 .736     

  Total 53.753 72       

EC8 Between 

Groups 
0.641 2 .320 .442 .645 

  Within 

Groups 
50.729 70 .725     

  Total 51.370 72       

EC9 Between 

Groups 
2.539 2 1.270 1.289 .282 

  Within 

Groups 
68.967 70 .985     

  Total 71.507 72       

EC10 Between 

Groups 
2.366 2 1.183 1.685 .193 

  Within 

Groups 
49.141 70 .702     

  Total 51.507 72       

EC11 Between 

Groups 
.392 2 .196 .334 .717 

  Within 

Groups 
41.169 70 .588     
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  Total 41.562 72       

EC12 Between 

Groups 
3.798 2 1.899 1.946 .151 

  Within 

Groups 
68.312 70 0.976     

  Total 72.110 72       

 

 

 

OC2     

Tukey HSD 

a,b     

Jobtitle  N 

Subset for alpha = 

0.05  

1 2  

Project 

manager 
42 3.02   

 

Engineer 19 3.21 3.21  

Managerial & 

Survivor 
12   3.67 

 

Sig.   .724 0.153  

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776.  

b The group sizes are unequal. The harmonic mean of the 

group sizes is used. Type I error levels are not guaranteed. 

 

OC7    

Tukey HSD 
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a,b 

Jobtitle  N 

Subset for alpha = 0.05 

1 2 

Project 

manager 
42 3.29   

Engineer 19 3.53 3.53 

Managerial & 

Survivor 
12   3.83 

Sig.   .489 0.315 

 

OC8    

Tukey HSD 

a,b    

Jobtitle  N 

Subset for alpha = 

0.05 

1 2 

Engineer 19 2.89   

Project 

manager 
42 2.93   

Managerial & 

Survivor 
12   3.67 

Sig.   .993 1.000 

 

OC16    

Tukey HSD a,b   

Jobtitle  N 

 alpha = 

0.05   

1 2 
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Project 

manager 42 3.05   

Engineer 19 3.11   

Managerial 

& Survivor 
12   3.83 

Sig.   0.978 1.00 

 

 

   Post Hoc Tests    

Multiple Comparisons      

Tukey HSD              

Dependent 

Variable 
(I) Jobtitle  (J) Jobtitle  

Mean 

Difference 

(I-J) 

Std. Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

OC1 Project 

manager 

Engineer 
.021 .203 .994 -.47 .51 

  
  

Managerial 

& Survivor 
-.119 .241 .874 -.70 .46 

  
Engineer 

Project 

manager 
-.021 .203 .994 -.51 .47 

  
  

Managerial 

& Survivor 
-.140 .271 .863 -.79 .51 

  Managerial 

& Survivor 

Project 

manager 
.119 .241 .874 -.46 .70 

    Engineer .140 .271 .863 -.51 .79 

OC2 Project 

manager 

Engineer 
-.187 .206 .638 -.68 .31 

  
  

Managerial 

& Survivor 
-.643* .244 .027 -1.23 -.06 
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Engineer 

Project 

manager 
.187 .206 .638 -.31 .68 

  
  

Managerial 

& Survivor 
-.456 .275 .227 -1.11 .20 

  Managerial 

& Survivor 

Project 

manager 
.643* .244 .027 .06 1.23 

    Engineer .456 .275 .227 -.20 1.11 

OC3 Project 

manager 

Engineer 
.085 .214 .916 -.43 .60 

  
  

Managerial 

& Survivor 
.024 .253 .995 -.58 0.63 

  
Engineer 

Project 

manager 
-.085 .214 .916 -.60 .43 

  
  

Managerial 

& Survivor 
-.061 .285 .975 -.74 .62 

  Managerial 

& Survivor 

Project 

manager 
-.024 .253 .995 -0.63 .58 

    Engineer .061 .285 .975 -.62 .74 

OC4 Project 

manager 

Engineer 
-.172 .241 .758 -.75 .41 

  
  

Managerial 

& Survivor 
-.119 .286 .909 -.80 .57 

  
Engineer 

Project 

manager 
.172 .241 .758 -.41 .75 

  
  

Managerial 

& Survivor 
.053 .322 .985 -0.72 .82 

  Managerial 

& Survivor 

Project 

manager 
.119 .286 .909 -.57 .80 

    Engineer -.053 .322 .985 -.82 0.72 

OC5 Project 

manager 

Engineer 
.238 .253 .616 -.37 .84 

  
  

Managerial 

& Survivor 
-.262 .300 .658 -.98 .46 
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Engineer 

Project 

manager 
-.238 .253 .616 -.84 .37 

  
  

Managerial 

& Survivor 
-.500 .337 .306 -1.31 .31 

  Managerial 

& Survivor 

Project 

manager 
.262 .300 .658 -.46 .98 

    Engineer .500 .337 .306 -.31 1.31 

OC6 Project 

manager 

Engineer 
.372 .244 .285 -.21 0.96 

  
  

Managerial 

& Survivor 
-.202 .289 .764 -.89 .49 

  
Engineer 

Project 

manager 
-.372 .244 .285 -0.96 .21 

  
  

Managerial 

& Survivor 
-.575 .325 .189 -1.35 .20 

  Managerial 

& Survivor 

Project 

manager 
.202 .289 .764 -.49 .89 

    Engineer .575 .325 .189 -.20 1.35 

OC7 Project 

manager 

Engineer 
-.241 .178 .371 -.67 .19 

  
  

Managerial 

& Survivor 
-.548* .211 .030 -1.05 -.04 

  
Engineer 

Project 

manager 
.241 .178 .371 -.19 .67 

  
  

Managerial 

& Survivor 
-.307 .237 .403 -.88 .26 

  Managerial 

& Survivor 

Project 

manager 
.548* .211 .030 .04 1.05 

    Engineer .307 .237 .403 -.26 .88 

OC8 Project 

manager 

Engineer 
.034 .254 .990 -.58 .64 

  
  

Managerial 

& Survivor 
-.738* .301 .044 -1.46 -.02 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

389 

  
Engineer 

Project 

manager 
-.034 .254 .990 -.64 .58 

  
  

Managerial 

& Survivor 
-.772 .339 .066 -1.58 .04 

  Managerial 

& Survivor 

Project 

manager 
.738* .301 .044 .02 1.46 

    Engineer .772 .339 .066 -.04 1.58 

OC9 Project 

manager 

Engineer 
-.192 .285 .780 -.87 .49 

  
  

Managerial 

& Survivor 
.071 .338 .976 -.74 0.88 

  
Engineer 

Project 

manager 
.192 .285 .780 -.49 .87 

  
  

Managerial 

& Survivor 
.263 .380 .769 -.65 1.17 

  Managerial 

& Survivor 

Project 

manager 
-.071 .338 .976 -0.88 .74 

    Engineer -.263 .380 .769 -1.17 .65 

OC10 Project 

manager 

Engineer 
.323 .220 .312 -.20 .85 

  
  

Managerial 

& Survivor 
.179 .260 .773 -.45 .80 

  
Engineer 

Project 

manager 
-.323 .220 .312 -.85 .20 

  
  

Managerial 

& Survivor 
-.145 .293 .875 -.85 .56 

  Managerial 

& Survivor 

Project 

manager 
-.179 .260 .773 -.80 .45 

    Engineer .145 .293 .875 -.56 .85 

OC11 Project 

manager 

Engineer 
.287 .257 .506 -.33 .90 

  
  

Managerial 

& Survivor 
-.143 .304 .886 -0.87 .58 
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Engineer 

Project 

manager 
-.287 .257 .506 -.90 .33 

  
  

Managerial 

& Survivor 
-.430 .342 .425 -1.25 .39 

  Managerial 

& Survivor 

Project 

manager 
.143 .304 .886 -.58 0.87 

    Engineer .430 .342 .425 -.39 1.25 

OC12 Project 

manager 

Engineer 
.021 .250 .996 -.58 .62 

  
  

Managerial 

& Survivor 
-.202 .296 .774 -.91 0.51 

  
Engineer 

Project 

manager 
-.021 .250 .996 -.62 .58 

  
  

Managerial 

& Survivor 
-.224 .334 .782 -1.02 0.58 

  Managerial 

& Survivor 

Project 

manager 
.202 .296 .774 -0.51 .91 

    Engineer .224 .334 .782 -0.58 1.02 

OC13 Project 

manager 

Engineer 
-.129 .263 .876 -.76 .50 

  
  

Managerial 

& Survivor 
-.357 .312 .489 -1.10 .39 

  
Engineer 

Project 

manager 
.129 .263 .876 -.50 .76 

  
  

Managerial 

& Survivor 
-.228 .351 .793 -1.07 0.61 

  Managerial 

& Survivor 

Project 

manager 
.357 .312 .489 -.39 1.10 

    Engineer .228 .351 .793 -0.61 1.07 

OC14 Project 

manager 

Engineer 
.023 .276 .996 -.64 .68 

  
  

Managerial 

& Survivor 
.119 .327 .930 -.66 0.90 
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Engineer 

Project 

manager 
-.023 .276 .996 -.68 .64 

  
  

Managerial 

& Survivor 
.096 .369 .963 -.79 0.98 

  Managerial 

& Survivor 

Project 

manager 
-.119 .327 .930 -0.90 .66 

    Engineer -.096 .369 .963 -0.98 .79 

OC15 Project 

manager 

Engineer 
.138 .262 .859 -.49 .77 

  
  

Managerial 

& Survivor 
.024 .311 .997 -.72 .77 

  
Engineer 

Project 

manager 
-.138 .262 .859 -.77 .49 

  
  

Managerial 

& Survivor 
-.114 .350 .943 -0.95 .72 

  Managerial 

& Survivor 

Project 

manager 
-.024 .311 .997 -.77 .72 

    Engineer .114 .350 .943 -.72 0.95 

OC16 Project 

manager 

Engineer 
-.058 .246 .970 -.65 .53 

  
  

Managerial 

& Survivor 
-.786* .291 .023 -1.48 -.09 

  
Engineer 

Project 

manager 
.058 .246 .970 -.53 .65 

  
  

Managerial 

& Survivor 
-.728 .328 .075 -1.51 .06 

  Managerial 

& Survivor 

Project 

manager 
.786* .291 .023 .09 1.48 

    Engineer .728 .328 .075 -.06 1.51 

OC17 Project 

manager 

Engineer 
-.167 .277 .819 -.83 .50 

  
  

Managerial 

& Survivor 
-.417 .328 .416 -1.20 .37 
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Engineer 

Project 

manager 
.167 .277 .819 -.50 .83 

  
  

Managerial 

& Survivor 
-.250 .369 .777 -1.13 .63 

  Managerial 

& Survivor 

Project 

manager 
.417 .328 .416 -.37 1.20 

    Engineer .250 .369 .777 -.63 1.13 

OC18 Project 

manager 

Engineer 
.117 .304 .922 -.61 0.84 

  
  

Managerial 

& Survivor 
-.107 .360 .952 -.97 .75 

  
Engineer 

Project 

manager 
-.117 .304 .922 -0.84 .61 

  
  

Managerial 

& Survivor 
-.224 .405 .846 -1.19 .75 

  Managerial 

& Survivor 

Project 

manager 
.107 .360 .952 -.75 .97 

    Engineer .224 .405 .846 -.75 1.19 

CC1 Project 

manager 

Engineer 
-.242 .196 .438 -.71 .23 

  
  

Managerial 

& Survivor 
-.286 .232 .439 -.84 .27 

  
Engineer 

Project 

manager 
.242 .196 .438 -.23 .71 

  
  

Managerial 

& Survivor 
-.044 .262 .985 -.67 .58 

  Managerial 

& Survivor 

Project 

manager 
.286 .232 .439 -.27 .84 

    Engineer .044 .262 .985 -.58 .67 

CC2 Project 

manager 

Engineer 
.089 .236 .925 -.48 .65 

  
  

Managerial 

& Survivor 
-.262 .279 .618 -.93 .41 
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Engineer 

Project 

manager 
-.089 .236 .925 -.65 .48 

  
  

Managerial 

& Survivor 
-.351 .314 .507 -1.10 .40 

  Managerial 

& Survivor 

Project 

manager 
.262 .279 .618 -.41 .93 

    Engineer .351 .314 .507 -.40 1.10 

CC3 Project 

manager 

Engineer 
.038 .256 .988 -.57 .65 

  
  

Managerial 

& Survivor 
-0.44 .303 .319 -1.17 .28 

  
Engineer 

Project 

manager 
-.038 .256 .988 -.65 .57 

  
  

Managerial 

& Survivor 
-.478 .341 .345 -1.29 .34 

  Managerial 

& Survivor 

Project 

manager 
0.44 .303 .319 -.28 1.17 

    Engineer .478 .341 .345 -.34 1.29 

CC4 Project 

manager 

Engineer 
-.237 .212 .506 -.74 .27 

  
  

Managerial 

& Survivor 
-.417 .251 .227 -1.02 .18 

  
Engineer 

Project 

manager 
.237 .212 .506 -.27 .74 

  
  

Managerial 

& Survivor 
-.180 .283 .801 -.86 .50 

  Managerial 

& Survivor 

Project 

manager 
.417 .251 .227 -.18 1.02 

    Engineer .180 .283 .801 -.50 .86 

CC5 Project 

manager 

Engineer 
.340 .256 .385 -.27 .95 

  
  

Managerial 

& Survivor 
-.060 .303 .979 -.79 .67 
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Engineer 

Project 

manager 
-.340 .256 .385 -.95 .27 

  
  

Managerial 

& Survivor 
-.399 .341 .475 -1.22 .42 

  Managerial 

& Survivor 

Project 

manager 
.060 .303 .979 -.67 .79 

    Engineer .399 .341 .475 -.42 1.22 

CC6 Project 

manager 

Engineer 
-.173 .249 .768 -.77 .42 

  
  

Managerial 

& Survivor 
-.024 .295 .996 -0.73 .68 

  
Engineer 

Project 

manager 
.173 .249 .768 -.42 .77 

  
  

Managerial 

& Survivor 
.149 .332 .895 -.65 .95 

  Managerial 

& Survivor 

Project 

manager 
.024 .295 .996 -.68 0.73 

    Engineer -.149 .332 .895 -.95 .65 

CC7 Project 

manager 

Engineer 
-.034 .242 .989 -.61 .54 

  
  

Managerial 

& Survivor 
-0.512 .286 .181 -1.20 .17 

  
Engineer 

Project 

manager 
.034 .242 .989 -.54 .61 

  
  

Managerial 

& Survivor 
-.478 .322 .305 -1.25 .29 

  Managerial 

& Survivor 

Project 

manager 
0.512 .286 .181 -.17 1.20 

    Engineer .478 .322 .305 -.29 1.25 

CC8 Project 

manager 

Engineer 
-.388 .242 .251 -.97 .19 

  
  

Managerial 

& Survivor 
-.476 .287 .228 -1.16 .21 
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Engineer 

Project 

manager 
.388 .242 .251 -.19 .97 

  
  

Managerial 

& Survivor 
-.088 .323 .960 -.86 .69 

  Managerial 

& Survivor 

Project 

manager 
.476 .287 .228 -.21 1.16 

    Engineer .088 .323 .960 -.69 .86 

CC9 Project 

manager 

Engineer 
-.001 .221 1.000 -.53 .53 

  
  

Managerial 

& Survivor 
-.321 .262 .440 -.95 .31 

  
Engineer 

Project 

manager 
.001 .221 1.000 -.53 .53 

  
  

Managerial 

& Survivor 
-.320 .295 .526 -1.03 .39 

  Managerial 

& Survivor 

Project 

manager 
.321 .262 .440 -.31 .95 

    Engineer .320 .295 .526 -.39 1.03 

CC10 Project 

manager 

Engineer 
-.059 .220 .961 -.59 .47 

  
  

Managerial 

& Survivor 
-.274 .260 .547 -.90 .35 

  
Engineer 

Project 

manager 
.059 .220 .961 -.47 .59 

  
  

Managerial 

& Survivor 
-.215 .293 .745 -.92 .49 

  Managerial 

& Survivor 

Project 

manager 
.274 .260 .547 -.35 .90 

    Engineer .215 .293 .745 -.49 .92 

CC11 Project 

manager 

Engineer 
-.135 .269 .870 -.78 .51 

  
  

Managerial 

& Survivor 
-.131 .318 .911 -0.89 .63 
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Engineer 

Project 

manager 
.135 .269 .870 -.51 .78 

  
  

Managerial 

& Survivor 
.004 .358 1.000 -.85 .86 

  Managerial 

& Survivor 

Project 

manager 
.131 .318 .911 -.63 0.89 

    Engineer -.004 .358 1.000 -.86 .85 

CC12 Project 

manager 

Engineer 
-.104 .271 .922 -.75 .55 

  
  

Managerial 

& Survivor 
-.595 .321 .160 -1.36 .17 

  
Engineer 

Project 

manager 
.104 .271 .922 -.55 .75 

  
  

Managerial 

& Survivor 
-.491 .362 .368 -1.36 .37 

  Managerial 

& Survivor 

Project 

manager 
.595 .321 .160 -.17 1.36 

    Engineer .491 .362 .368 -.37 1.36 

CC13 Project 

manager 

Engineer 
.355 .243 .317 -.23 .94 

  
  

Managerial 

& Survivor 
-.202 .288 .762 -.89 .49 

  
Engineer 

Project 

manager 
-.355 .243 .317 -.94 .23 

  
  

Managerial 

& Survivor 
-.557 .324 .205 -1.33 .22 

  Managerial 

& Survivor 

Project 

manager 
.202 .288 .762 -.49 .89 

    Engineer .557 .324 .205 -.22 1.33 

CC14 Project 

manager 

Engineer 
.326 .222 .313 -.21 .86 

  
  

Managerial 

& Survivor 
-.179 .263 .776 -.81 .45 
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Engineer 

Project 

manager 
-.326 .222 .313 -.86 .21 

  
  

Managerial 

& Survivor 
-.504 .296 .211 -1.21 .20 

  Managerial 

& Survivor 

Project 

manager 
.179 .263 .776 -.45 .81 

    Engineer .504 .296 .211 -.20 1.21 

CC15 Project 

manager 

Engineer 
.331 .324 .566 -.45 1.11 

  
  

Managerial 

& Survivor 
.107 .384 .958 -.81 1.03 

  
Engineer 

Project 

manager 
-.331 .324 .566 -1.11 .45 

  
  

Managerial 

& Survivor 
-.224 .432 .863 -1.26 .81 

  Managerial 

& Survivor 

Project 

manager 
-.107 .384 .958 -1.03 .81 

    Engineer .224 .432 .863 -.81 1.26 

CC16 Project 

manager 

Engineer 
.540 .250 .085 -.06 1.14 

  
  

Managerial 

& Survivor 
-.131 .296 .898 -0.84 .58 

  
Engineer 

Project 

manager 
-.540 .250 .085 -1.14 .06 

  
  

Managerial 

& Survivor 
-.671 .334 .117 -1.47 .13 

  Managerial 

& Survivor 

Project 

manager 
.131 .296 .898 -.58 0.84 

    Engineer .671 .334 .117 -.13 1.47 

CC17 Project 

manager 

Engineer 
-.137 .255 .854 -.75 .47 

  
  

Managerial 

& Survivor 
.048 .302 .986 -.68 .77 
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Engineer 

Project 

manager 
.137 .255 .854 -.47 .75 

  
  

Managerial 

& Survivor 
.184 .340 .851 -.63 1.00 

  Managerial 

& Survivor 

Project 

manager 
-.048 .302 .986 -.77 .68 

    Engineer -.184 .340 .851 -1.00 .63 

CNC1 Project 

manager 

Engineer 
-.103 .192 .854 -.56 .36 

  
  

Managerial 

& Survivor 
-.190 .227 .681 -.73 .35 

  
Engineer 

Project 

manager 
.103 .192 .854 -.36 .56 

  
  

Managerial 

& Survivor 
-.088 .256 .937 -.70 .53 

  Managerial 

& Survivor 

Project 

manager 
.190 .227 .681 -.35 .73 

    Engineer .088 .256 .937 -.53 .70 

CNC2 Project 

manager 

Engineer 
-.332 .200 .228 -.81 .15 

  
  

Managerial 

& Survivor 
-.512 .237 .086 -1.08 .06 

  
Engineer 

Project 

manager 
.332 .200 .228 -.15 .81 

  
  

Managerial 

& Survivor 
-.180 .267 .780 -.82 .46 

  Managerial 

& Survivor 

Project 

manager 
.512 .237 .086 -.06 1.08 

    Engineer .180 .267 .780 -.46 .82 

CNC3 Project 

manager 

Engineer 
.098 .192 .867 -.36 .56 

  
  

Managerial 

& Survivor 
-.095 .227 .908 -.64 .45 
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Engineer 

Project 

manager 
-.098 .192 .867 -.56 .36 

  
  

Managerial 

& Survivor 
-.193 .256 .732 -.81 .42 

  Managerial 

& Survivor 

Project 

manager 
.095 .227 .908 -.45 .64 

    Engineer .193 .256 .732 -.42 .81 

CNC4 Project 

manager 

Engineer 
.023 .227 .995 -.52 .57 

  
  

Managerial 

& Survivor 
-.214 .269 .706 -.86 .43 

  
Engineer 

Project 

manager 
-.023 .227 .995 -.57 .52 

  
  

Managerial 

& Survivor 
-.237 .303 .715 -.96 .49 

  Managerial 

& Survivor 

Project 

manager 
.214 .269 .706 -.43 .86 

    Engineer .237 .303 .715 -.49 .96 

CNC5 Project 

manager 

Engineer 
-.021 .238 .996 -.59 0.55 

  
  

Managerial 

& Survivor 
-.131 .282 .888 -.81 .54 

  
Engineer 

Project 

manager 
.021 .238 .996 -0.55 .59 

  
  

Managerial 

& Survivor 
-.110 .318 .937 -0.87 .65 

  Managerial 

& Survivor 

Project 

manager 
.131 .282 .888 -.54 .81 

    Engineer .110 .318 .937 -.65 0.87 

CNC6 Project 

manager 

Engineer 
.505 .218 .060 -.02 1.03 

  
  

Managerial 

& Survivor 
-.298 .258 .486 -.92 .32 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

400 

  
Engineer 

Project 

manager 
-.505 .218 .060 -1.03 .02 

  
  

Managerial 

& Survivor 
-.803* .291 .020 -1.50 -.11 

  Managerial 

& Survivor 

Project 

manager 
.298 .258 .486 -.32 .92 

    Engineer .803* .291 .020 .11 1.50 

CNC7 Project 

manager 

Engineer 
.276 .230 .457 -.27 .83 

  
  

Managerial 

& Survivor 
-.286 .272 .548 -.94 .37 

  
Engineer 

Project 

manager 
-.276 .230 .457 -.83 .27 

  
  

Managerial 

& Survivor 
-.561 .306 .167 -1.30 .17 

  Managerial 

& Survivor 

Project 

manager 
.286 .272 .548 -.37 .94 

    Engineer .561 .306 .167 -.17 1.30 

CNC8 Project 

manager 

Engineer 
.291 .246 .469 -.30 .88 

  
  

Managerial 

& Survivor 
-.262 .292 .643 -.96 .44 

  
Engineer 

Project 

manager 
-.291 .246 .469 -.88 .30 

  
  

Managerial 

& Survivor 
-.553 .329 .219 -1.34 .23 

  Managerial 

& Survivor 

Project 

manager 
.262 .292 .643 -.44 .96 

    Engineer .553 .329 .219 -.23 1.34 

CNC9 Project 

manager 

Engineer 
-.024 .260 .995 -.65 .60 

  
  

Managerial 

& Survivor 
-.440 .308 .331 -1.18 .30 
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Engineer 

Project 

manager 
.024 .260 .995 -.60 .65 

  
  

Managerial 

& Survivor 
-.417 .347 .456 -1.25 .41 

  Managerial 

& Survivor 

Project 

manager 
.440 .308 .331 -.30 1.18 

    Engineer .417 .347 .456 -.41 1.25 

CNC10 Project 

manager 

Engineer 
.266 .235 .499 -.30 .83 

  
  

Managerial 

& Survivor 
-.107 .278 .922 -.77 .56 

  
Engineer 

Project 

manager 
-.266 .235 .499 -.83 .30 

  
  

Managerial 

& Survivor 
-.373 .313 .463 -1.12 .38 

  Managerial 

& Survivor 

Project 

manager 
.107 .278 .922 -.56 .77 

    Engineer .373 .313 .463 -.38 1.12 

CNC11 Project 

manager 

Engineer 
-.050 .232 .975 -.61 .51 

  
  

Managerial 

& Survivor 
-.274 .275 .582 -.93 .39 

  
Engineer 

Project 

manager 
.050 .232 .975 -.51 .61 

  
  

Managerial 

& Survivor 
-.224 .310 .752 -0.97 .52 

  Managerial 

& Survivor 

Project 

manager 
.274 .275 .582 -.39 .93 

    Engineer .224 .310 .752 -.52 0.97 

CNC12 Project 

manager 

Engineer 
-.139 .234 .824 -.70 .42 

  
  

Managerial 

& Survivor 
-.179 .277 .796 -.84 .49 
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Engineer 

Project 

manager 
.139 .234 .824 -.42 .70 

  
  

Managerial 

& Survivor 
-.039 .312 .991 -.79 .71 

  Managerial 

& Survivor 

Project 

manager 
.179 .277 .796 -.49 .84 

    Engineer .039 .312 .991 -.71 .79 

CNC13 Project 

manager 

Engineer 
-.402 .254 .260 -1.01 .21 

  
  

Managerial 

& Survivor 
-.095 .301 .946 -0.82 .63 

  
Engineer 

Project 

manager 
.402 .254 .260 -.21 1.01 

  
  

Managerial 

& Survivor 
.307 .339 .639 -0.50 1.12 

  Managerial 

& Survivor 

Project 

manager 
.095 .301 .946 -.63 0.82 

    Engineer -.307 .339 .639 -1.12 0.50 

CNC14 Project 

manager 

Engineer 
-0.368 .254 .321 -0.98 .24 

  
  

Managerial 

& Survivor 
-0.667 .301 .075 -1.39 .05 

  
Engineer 

Project 

manager 
0.368 .254 .321 -.24 0.98 

  
  

Managerial 

& Survivor 
-.298 .339 .654 -1.11 .51 

  Managerial 

& Survivor 

Project 

manager 
0.667 .301 .075 -.05 1.39 

    Engineer .298 .339 .654 -.51 1.11 

CNC15 Project 

manager 

Engineer 
-.115 .264 .900 -.75 .52 

  
  

Managerial 

& Survivor 
.179 .312 .835 -.57 0.93 
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Engineer 

Project 

manager 
.115 .264 .900 -.52 .75 

  
  

Managerial 

& Survivor 
.294 .352 .682 -.55 1.14 

  Managerial 

& Survivor 

Project 

manager 
-.179 .312 .835 -0.93 .57 

    Engineer -.294 .352 .682 -1.14 .55 

CNC16 Project 

manager 

Engineer 
-.056 .268 .976 -.70 .59 

  
  

Managerial 

& Survivor 
-.464 .317 .315 -1.22 .30 

  
Engineer 

Project 

manager 
.056 .268 .976 -.59 .70 

  
  

Managerial 

& Survivor 
-.408 .358 .493 -1.26 .45 

  Managerial 

& Survivor 

Project 

manager 
.464 .317 .315 -.30 1.22 

    Engineer .408 .358 .493 -.45 1.26 

CNC17 Project 

manager 

Engineer 
.155 .260 .822 -.47 .78 

  
  

Managerial 

& Survivor 
-.560 .308 .171 -1.30 .18 

  
Engineer 

Project 

manager 
-.155 .260 .822 -.78 .47 

  
  

Managerial 

& Survivor 
-.715 .347 .105 -1.54 .11 

  Managerial 

& Survivor 

Project 

manager 
.560 .308 .171 -.18 1.30 

    Engineer .715 .347 .105 -.11 1.54 

EC1 Project 

manager 

Engineer 
-.283 .262 .529 -.91 .34 

  
  

Managerial 

& Survivor 
.357 .310 .486 -.39 1.10 
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Engineer 

Project 

manager 
.283 .262 .529 -.34 .91 

  
  

Managerial 

& Survivor 
.640 .349 .167 -.20 1.48 

  Managerial 

& Survivor 

Project 

manager 
-.357 .310 .486 -1.10 .39 

    Engineer -.640 .349 .167 -1.48 .20 

EC2 Project 

manager 

Engineer 
-.050 .273 .982 -.70 .60 

  
  

Managerial 

& Survivor 
.060 .323 .981 -.71 .83 

  
Engineer 

Project 

manager 
.050 .273 .982 -.60 .70 

  
  

Managerial 

& Survivor 
.110 .364 .951 -.76 0.98 

  Managerial 

& Survivor 

Project 

manager 
-.060 .323 .981 -.83 .71 

    Engineer -.110 .364 .951 -0.98 .76 

EC3 Project 

manager 

Engineer 
-.248 .272 .634 -.90 .40 

  
  

Managerial 

& Survivor 
-.476 .322 .306 -1.25 .29 

  
Engineer 

Project 

manager 
.248 .272 .634 -.40 .90 

  
  

Managerial 

& Survivor 
-.228 .362 .804 -1.10 .64 

  Managerial 

& Survivor 

Project 

manager 
.476 .322 .306 -.29 1.25 

    Engineer .228 .362 .804 -.64 1.10 

EC4 Project 

manager 

Engineer 
.018 .230 .997 -.53 .57 

  
  

Managerial 

& Survivor 
-.250 .272 .630 -.90 .40 
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Engineer 

Project 

manager 
-.018 .230 .997 -.57 .53 

  
  

Managerial 

& Survivor 
-.268 .306 .659 -1.00 .47 

  Managerial 

& Survivor 

Project 

manager 
.250 .272 .630 -.40 .90 

    Engineer .268 .306 .659 -.47 1.00 

EC5 Project 

manager 

Engineer 
-.373 .232 .249 -.93 .18 

  
  

Managerial 

& Survivor 
-0.369 .275 .377 -1.03 .29 

  
Engineer 

Project 

manager 
.373 .232 .249 -.18 .93 

  
  

Managerial 

& Survivor 
0.004 .310 1.000 -0.74 .75 

  Managerial 

& Survivor 

Project 

manager 
0.369 .275 .377 -.29 1.03 

    Engineer -0.004 .310 1.000 -.75 0.74 

EC6 Project 

manager 

Engineer 
-.541* .220 .042 -1.07 -.01 

  
  

Managerial 

& Survivor 
-0.357 .260 .361 -0.98 .27 

  
Engineer 

Project 

manager 
.541* .220 .042 .01 1.07 

  
  

Managerial 

& Survivor 
0.184 .293 .805 -0.52 .89 

  Managerial 

& Survivor 

Project 

manager 
0.357 .260 .361 -.27 0.98 

    Engineer -0.184 .293 .805 -.89 0.52 

EC7 Project 

manager 

Engineer 
-.307 .237 .403 -.87 .26 

  
  

Managerial 

& Survivor 
-.417 .281 .305 -1.09 .26 
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Engineer 

Project 

manager 
.307 .237 .403 -.26 .87 

  
  

Managerial 

& Survivor 
-.110 .316 .936 -.87 .65 

  Managerial 

& Survivor 

Project 

manager 
.417 .281 .305 -.26 1.09 

    Engineer .110 .316 .936 -.65 .87 

EC8 Project 

manager 

Engineer 
-.075 .235 .945 -.64 .49 

  
  

Managerial 

& Survivor 
.214 .279 .723 -.45 .88 

  
Engineer 

Project 

manager 
.075 .235 .945 -.49 .64 

  
  

Managerial 

& Survivor 
.289 .314 .628 -.46 1.04 

  Managerial 

& Survivor 

Project 

manager 
-.214 .279 .723 -.88 .45 

    Engineer -.289 .314 .628 -1.04 .46 

EC9 Project 

manager 

Engineer 
.068 .274 .967 -.59 .72 

  
  

Managerial 

& Survivor 
-.476 .325 .314 -1.25 .30 

  
Engineer 

Project 

manager 
-.068 .274 .967 -.72 .59 

  
  

Managerial 

& Survivor 
-.544 .366 .304 -1.42 .33 

  Managerial 

& Survivor 

Project 

manager 
.476 .325 .314 -.30 1.25 

    Engineer .544 .366 .304 -.33 1.42 

EC10 Project 

manager 

Engineer 
-.387 .232 .223 -.94 .17 

  
  

Managerial 

& Survivor 
-.321 .274 .474 -0.98 .34 
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Engineer 

Project 

manager 
.387 .232 .223 -.17 .94 

  
  

Managerial 

& Survivor 
.066 .309 .975 -.67 .81 

  Managerial 

& Survivor 

Project 

manager 
.321 .274 .474 -.34 0.98 

    Engineer -.066 .309 .975 -.81 .67 

EC11 Project 

manager 

Engineer 
-.152 .212 .755 -.66 .36 

  
  

Managerial 

& Survivor 
-.143 .251 .837 -.74 .46 

  
Engineer 

Project 

manager 
.152 .212 .755 -.36 .66 

  
  

Managerial 

& Survivor 
.009 .283 .999 -.67 .69 

  Managerial 

& Survivor 

Project 

manager 
.143 .251 .837 -.46 .74 

    Engineer -.009 .283 .999 -.69 .67 

EC12 Project 

manager 

Engineer 
.104 .273 .923 -.55 .76 

  
  

Managerial 

& Survivor 
-.571 .323 .188 -1.35 .20 

  
Engineer 

Project 

manager 
-.104 .273 .923 -.76 .55 

  
  

Managerial 

& Survivor 
-.675 .364 .160 -1.55 .20 

  Managerial 

& Survivor 

Project 

manager 
.571 .323 .188 -.20 1.35 

    Engineer .675 .364 .160 -.20 1.55 

* The mean difference is significant at the 0.05 level.   
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ANOVA test results for questionnaire factors based on quality impact 

Dependent 

Variable   

Sum of 

Squares df 

Mean 

Square F Sig. 

OC1 Between 

Groups 
.537 2 .268 .365 .695 

  Within 

Groups 
51.409 70 .734     

  Total 51.945 72       

OC2 Between 

Groups 
.709 2 .355 0.545 .582 

  Within 

Groups 
45.510 70 .650     

  Total 46.219 72       

OC3 Between 

Groups 
0.046 2 0.023 0.029 .972 

  Within 

Groups 
56.064 70 .801     

  Total 56.110 72       

OC4 Between 

Groups 
3.348 2 1.674 1.857 .164 

  Within 

Groups 
63.090 70 .901     

  Total 66.438 72       

OC5 Between 

Groups 
2.513 2 1.257 1.557 .218 

  Within 

Groups 
56.501 70 .807     

  Total 59.014 72       

OC6 Between 

Groups 
0.702 2 0.351 0.774 .465 

  Within 

Groups 
31.737 70 .453     
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  Total 32.438 72       

OC7 Between 

Groups 
1.271 2 .636 .638 .531 

  Within 

Groups 
69.742 70 .996     

  Total 71.014 72       

OC8 Between 

Groups 
1.910 2 .955 .923 .402 

  Within 

Groups 
72.419 70 1.035     

  Total 74.329 72       

OC9 Between 

Groups 
0.351 2 0.176 0.195 .823 

  Within 

Groups 
62.991 70 0.900     

  Total 63.342 72       

OC10 Between 

Groups 
3.616 2 1.808 2.423 .096 

  Within 

Groups 
52.220 70 .746     

  Total 55.836 72       

OC11 Between 

Groups 
0.466 2 0.233 0.226 .798 

  Within 

Groups 
72.028 70 1.029     

  Total 72.493 72       

OC12 Between 

Groups 
0.546 2 .273 .421 .658 

  Within 

Groups 
45.427 70 0.649     

  Total 45.973 72       
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OC13 Between 

Groups 
1.839 2 .920 .955 .390 

  Within 

Groups 
67.421 70 .963     

  Total 69.260 72       

OC14 Between 

Groups 
3.184 2 1.592 1.881 .160 

  Within 

Groups 
59.254 70 0.846     

  Total 62.438 72       

OC15 Between 

Groups 
1.351 2 .676 0.719 .491 

  Within 

Groups 
65.772 70 .940     

  Total 67.123 72       

OC16 Between 

Groups 
1.467 2 0.734 1.187 .311 

  Within 

Groups 
43.273 70 .618     

  Total 44.740 72       

OC17 Between 

Groups 
0.572 2 0.286 0.271 .764 

  Within 

Groups 
73.921 70 1.056     

  Total 74.493 72       

OC18 Between 

Groups 
0.982 2 0.491 0.514 .601 

  Within 

Groups 
66.935 70 0.956     

  Total 67.918 72       

CC1 Between 

Groups 
2.607 2 1.304 2.222 .116 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

411 

  Within 

Groups 
41.064 70 .587     

  Total 43.671 72       

CC2 Between 

Groups 
1.116 2 .558 .711 .495 

  Within 

Groups 
54.939 70 .785     

  Total 56.055 72       

CC3 Between 

Groups 
5.469 2 2.734 3.935 .024 

  Within 

Groups 
48.641 70 .695     

  Total 54.110 72       

CC4 Between 

Groups 
.831 2 .415 .433 .650 

  Within 

Groups 
67.169 70 .960     

  Total 68.000 72       

CC5 Between 

Groups 
1.783 2 .892 .946 .393 

  Within 

Groups 
65.970 70 .942     

  Total 67.753 72       

CC6 Between 

Groups 
3.116 2 1.558 2.005 .142 

  Within 

Groups 
54.391 70 .777     

  Total 57.507 72       

CC7 Between 

Groups 
6.567 2 3.283 4.008 .022 

  Within 

Groups 
57.351 70 .819     
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  Total 63.918 72       

CC8 Between 

Groups 
.227 2 .114 .140 .869 

  Within 

Groups 
56.786 70 .811     

  Total 57.014 72       

CC9 Between 

Groups 
.768 2 .384 .779 .463 

  Within 

Groups 
34.492 70 .493     

  Total 35.260 72       

CC10 Between 

Groups 
2.337 2 1.169 1.331 .271 

  Within 

Groups 
61.444 70 .878     

  Total 63.781 72       

CC11 Between 

Groups 
0.495 2 .248 0.223 .801 

  Within 

Groups 
77.833 70 1.112     

  Total 78.329 72       

CC12 Between 

Groups 
0.063 2 .032 0.034 .966 

  Within 

Groups 
64.677 70 .924     

  Total 64.740 72       

CC13 Between 

Groups 
.572 2 .286 .387 .681 

  Within 

Groups 
51.757 70 .739     

  Total 52.329 72       
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CC14 Between 

Groups 
0.350 2 0.175 0.186 .830 

  Within 

Groups 
65.814 70 .940     

  Total 66.164 72       

CC15 Between 

Groups 
4.602 2 2.301 1.883 .160 

  Within 

Groups 
85.562 70 1.222     

  Total 90.164 72       

CC16 Between 

Groups 
7.629 2 3.814 4.013 .022 

  Within 

Groups 
66.536 70 .951     

  Total 74.164 72       

CC17 Between 

Groups 
4.560 2 2.280 2.513 .088 

  Within 

Groups 
63.522 70 .907     

  Total 68.082 72       

CNC1 Between 

Groups 
.598 2 .299 .232 .793 

  Within 

Groups 
90.060 70 1.287     

  Total 90.658 72       

CNC2 Between 

Groups 
2.455 2 1.227 1.367 .262 

  Within 

Groups 
62.860 70 .898     

  Total 65.315 72       

CNC3 Between 

Groups 
6.546 2 3.273 3.269 .044 
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  Within 

Groups 
70.084 70 1.001     

  Total 76.630 72       

CNC4 Between 

Groups 
1.141 2 .570 0.926 .401 

  Within 

Groups 
43.106 70 .616     

  Total 44.247 72       

CNC5 Between 

Groups 
1.600 2 0.800 1.257 .291 

  Within 

Groups 
44.564 70 .637     

  Total 46.164 72       

CNC6 Between 

Groups 
.360 2 .180 .444 .643 

  Within 

Groups 
28.380 70 .405     

  Total 28.740 72       

CNC7 Between 

Groups 
0.123 2 .061 0.110 .896 

  Within 

Groups 
38.891 70 .556     

  Total 39.014 72       

CNC8 Between 

Groups 
1.236 2 .618 .790 .458 

  Within 

Groups 
54.737 70 .782     

  Total 55.973 72       

CNC9 Between 

Groups 
3.256 2 1.628 1.847 .165 

  Within 

Groups 
61.703 70 .881     
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  Total 64.959 72       

CNC10 Between 

Groups 
2.693 2 1.346 1.414 .250 

  Within 

Groups 
66.650 70 .952     

  Total 69.342 72       

CNC11 Between 

Groups 
2.225 2 1.113 1.560 .217 

  Within 

Groups 
49.939 70 .713     

  Total 52.164 72       

CNC12 Between 

Groups 
1.179 2 .589 .599 .552 

  Within 

Groups 
68.904 70 .984     

  Total 70.082 72       

CNC13 Between 

Groups 
3.452 2 1.726 1.993 .144 

  Within 

Groups 
60.630 70 .866     

  Total 64.082 72       

CNC14 Between 

Groups 
8.153 2 4.076 4.891 .010 

  Within 

Groups 
58.340 70 .833     

  Total 66.493 72       

CNC15 Between 

Groups 
1.282 2 0.641 0.783 .461 

  Within 

Groups 
57.348 70 0.819     

  Total 58.630 72       
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CNC16 Between 

Groups 
2.979 2 1.489 1.904 .157 

  Within 

Groups 
54.774 70 .782     

  Total 57.753 72       

CNC17 Between 

Groups 
0.945 2 0.472 0.419 .659 

  Within 

Groups 
78.891 70 1.127     

  Total 79.836 72       

EC1 Between 

Groups 
2.173 2 1.087 .942 .395 

  Within 

Groups 
80.786 70 1.154     

  Total 82.959 72       

EC2 Between 

Groups 
.046 2 .023 .022 .979 

  Within 

Groups 
74.036 70 1.058     

  Total 74.082 72       

EC3 Between 

Groups 
4.392 2 2.196 1.927 .153 

  Within 

Groups 
79.773 70 1.140     

  Total 84.164 72       

EC4 Between 

Groups 
0.880 2 .440 0.373 .690 

  Within 

Groups 
82.435 70 1.178     

  Total 83.315 72       

EC5 Between 

Groups 
2.248 2 1.124 1.315 .275 
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  Within 

Groups 
59.834 70 .855     

  Total 62.082 72       

EC6 Between 

Groups 
0.969 2 0.484 0.537 .587 

  Within 

Groups 
63.141 70 .902     

  Total 64.110 72       

EC7 Between 

Groups 
3.058 2 1.529 1.673 .195 

  Within 

Groups 
63.983 70 .914     

  Total 67.041 72       

EC8 Between 

Groups 
6.041 2 3.021 3.496 .036 

  Within 

Groups 
60.479 70 .864     

  Total 66.521 72       

EC9 Between 

Groups 
1.949 2 0.975 0.872 .422 

  Within 

Groups 
78.215 70 1.117     

  Total 80.164 72       

EC10 Between 

Groups 
2.578 2 1.289 1.393 .255 

  Within 

Groups 
64.764 70 .925     

  Total 67.342 72       

EC11 Between 

Groups 
.142 2 .071 .075 .928 

  Within 

Groups 
66.023 70 .943     



N. Alsohiman                                          2017                               University of Liverpool  

 

 

418 

  Total 66.164 72       

EC12 Between 

Groups 
0.433 2 0.217 0.225 .799 

  Within 

Groups 
67.348 70 0.962     

  Total 67.781 72       

 

    

    

    

CC3     

Tukey HSD 

a,b 
   

 

Job title  
N 

Subset for alpha = 

0.05  

  1 2  

Project 

manager 
42 3.10   

 

Managerial & 

Survivor 
12 3.58   

 

Engineer 19 3.68    

Sig.   .084    

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the 

group sizes is used. Type I error levels are not guaranteed. 

 

CC7    
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Tukey HSD 

a,b 
   

Job title  
N 

Subset for alpha = 

0.05 

  1 2 

Project 

manager 
42 3.00   

Engineer 19 3.26 3.26 

Managerial & 

Survivor 
12   3.83 

Sig.   .648 0.138 

 

 

CC16   

Tukey HSD 

a,b 
  

Job title  N 

Subset 

for alpha 

= 0.05 

  1 

Engineer 19 2.00 

Managerial & 

Survivor 
12 2.58 

Project 

manager 
42 2.76 

Sig.   .050 
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CNC3    

Tukey 

HSD a,b 
    

Job title  

N 

Subset for alpha = 0.05 

  1 2 

Engineer 19 2.42   

Project 

manager 
42 2.93 2.93 

Managerial 

& Survivor 
12   3.33 

Sig.   0.272 0.43 

 

 

CNC14    

Tukey HSD a,b   

Job title  

N 

Subset for alpha = 0.05 

  1 2 

Project manager 42 2.52   

Engineer 19 2.95 2.95 

Managerial & 

Survivor 
12   3.42 

Sig.   0.335 0.263 
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   Post Hoc Tests    

Multiple Comparisons      

Tukey HSD              

Dependent 

Variable 

(I) Job 

title  

(J) Job 

title  

Mean 

Difference 

(I-J) 

Std. Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

OC1 Project 

manager 

Engineer 
-.201 .237 .676 -.77 .37 

    Managerial 

& Survivor 
-.095 .281 .938 -.77 .58 

  Engineer Project 

manager 
.201 .237 .676 -.37 .77 

    Managerial 

& Survivor 
.105 .316 .941 -.65 .86 

  Managerial 

& Survivor 

Project 

manager 
.095 .281 .938 -.58 .77 

    Engineer -.105 .316 .941 -.86 .65 

OC2 Project 

manager 

Engineer 
-.232 .223 .554 -.77 .30 

    Managerial 

& Survivor 
-.048 .264 .982 -.68 .58 

  Engineer Project 

manager 
.232 .223 .554 -.30 .77 

    Managerial 

& Survivor 
.184 .297 .810 -.53 .90 

  Managerial 

& Survivor 

Project 

manager 
.048 .264 .982 -.58 .68 

    Engineer -.184 .297 .810 -.90 .53 

OC3 Project Engineer .059 .247 .969 -.53 .65 
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manager 

    Managerial 

& Survivor 
.024 .293 .996 -.68 0.73 

  Engineer Project 

manager 
-.059 .247 .969 -.65 .53 

    Managerial 

& Survivor 
-.035 .330 .994 -.83 .76 

  Managerial 

& Survivor 

Project 

manager 
-.024 .293 .996 -0.73 .68 

    Engineer .035 .330 .994 -.76 .83 

OC4 Project 

manager 

Engineer 
-.471 .262 .179 -1.10 .16 

    Managerial 

& Survivor 
-.357 .311 .487 -1.10 .39 

  Engineer Project 

manager 
.471 .262 .179 -.16 1.10 

    Managerial 

& Survivor 
.114 .350 .943 -0.72 .95 

  Managerial 

& Survivor 

Project 

manager 
.357 .311 .487 -.39 1.10 

    Engineer -.114 .350 .943 -.95 0.72 

OC5 Project 

manager 

Engineer 
-.183 .248 .743 -.78 .41 

    Managerial 

& Survivor 
-.512 .294 .197 -1.22 .19 

  Engineer Project 

manager 
.183 .248 .743 -.41 .78 

    Managerial 

& Survivor 
-.329 .331 .584 -1.12 .46 

  Managerial 

& Survivor 

Project 

manager 
.512 .294 .197 -.19 1.22 

    Engineer .329 .331 .584 -.46 1.12 
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OC6 Project 

manager 

Engineer 
.140 .186 .732 -.31 0.59 

    Managerial 

& Survivor 
-.167 .220 .731 -.69 .36 

  Engineer Project 

manager 
-.140 .186 .732 -0.59 .31 

    Managerial 

& Survivor 
-.307 .248 .436 -0.90 .29 

  Managerial 

& Survivor 

Project 

manager 
.167 .220 .731 -.36 .69 

    Engineer .307 .248 .436 -.29 0.90 

OC7 Project 

manager 

Engineer 
-.084 .276 .950 -.74 .58 

    Managerial 

& Survivor 
-.369 .327 .499 -1.15 .41 

  Engineer Project 

manager 
.084 .276 .950 -.58 .74 

    Managerial 

& Survivor 
-.285 .368 .720 -1.17 .60 

  Managerial 

& Survivor 

Project 

manager 
.369 .327 .499 -.41 1.15 

    Engineer .285 .368 .720 -.60 1.17 

OC8 Project 

manager 

Engineer 
.182 .281 .795 -.49 .86 

    Managerial 

& Survivor 
.440 .333 .387 -.36 1.24 

  Engineer Project 

manager 
-.182 .281 .795 -.86 .49 

    Managerial 

& Survivor 
.259 .375 .770 -.64 1.16 

  Managerial 

& Survivor 

Project 

manager 
-.440 .333 .387 -1.24 .36 

    Engineer -.259 .375 .770 -1.16 .64 
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OC9 Project 

manager 

Engineer 
-.044 .262 .985 -.67 .58 

    Managerial 

& Survivor 
.167 .311 .854 -.58 0.91 

  Engineer Project 

manager 
.044 .262 .985 -.58 .67 

    Managerial 

& Survivor 
.211 .350 .820 -.63 1.05 

  Managerial 

& Survivor 

Project 

manager 
-.167 .311 .854 -0.91 .58 

    Engineer -.211 .350 .820 -1.05 .63 

OC10 Project 

manager 

Engineer 
.499 .239 .100 -.07 1.07 

    Managerial 

& Survivor 
.345 .283 .445 -.33 1.02 

  Engineer Project 

manager 
-.499 .239 .100 -1.07 .07 

    Managerial 

& Survivor 
-.154 .318 .880 -.92 .61 

  Managerial 

& Survivor 

Project 

manager 
-.345 .283 .445 -1.02 .33 

    Engineer .154 .318 .880 -.61 .92 

OC11 Project 

manager 

Engineer 
.180 .280 .797 -.49 .85 

    Managerial 

& Survivor 
.119 .332 .932 -0.68 .91 

  Engineer Project 

manager 
-.180 .280 .797 -.85 .49 

    Managerial 

& Survivor 
-.061 .374 .985 -0.96 .83 

  Managerial 

& Survivor 

Project 

manager 
-.119 .332 .932 -.91 0.68 

    Engineer .061 .374 .985 -.83 0.96 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

425 

OC12 Project 

manager 

Engineer 
-.137 .223 .813 -.67 .40 

    Managerial 

& Survivor 
.131 .264 .873 -.50 0.76 

  Engineer Project 

manager 
.137 .223 .813 -.40 .67 

    Managerial 

& Survivor 
.268 .297 .642 -.44 0.98 

  Managerial 

& Survivor 

Project 

manager 
-.131 .264 .873 -0.76 .50 

    Engineer -.268 .297 .642 -0.98 .44 

OC13 Project 

manager 

Engineer 
.298 .271 .518 -.35 .95 

    Managerial 

& Survivor 
-.167 .321 .862 -.94 .60 

  Engineer Project 

manager 
-.298 .271 .518 -.95 .35 

    Managerial 

& Survivor 
-.465 .362 .408 -1.33 0.40 

  Managerial 

& Survivor 

Project 

manager 
.167 .321 .862 -.60 .94 

    Engineer .465 .362 .408 -0.40 1.33 

OC14 Project 

manager 

Engineer 
-.465 .254 .168 -1.07 .14 

    Managerial 

& Survivor 
-.333 .301 .513 -1.05 0.39 

  Engineer Project 

manager 
.465 .254 .168 -.14 1.07 

    Managerial 

& Survivor 
.132 .339 .921 -.68 0.94 

  Managerial 

& Survivor 

Project 

manager 
.333 .301 .513 -0.39 1.05 

    Engineer -.132 .339 .921 -0.94 .68 
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OC15 Project 

manager 

Engineer 
.316 .268 .470 -.33 .96 

    Managerial 

& Survivor 
.167 .317 .859 -.59 .93 

  Engineer Project 

manager 
-.316 .268 .470 -.96 .33 

    Managerial 

& Survivor 
-.149 .357 .909 -1.00 .71 

  Managerial 

& Survivor 

Project 

manager 
-.167 .317 .859 -.93 .59 

    Engineer .149 .357 .909 -.71 1.00 

OC16 Project 

manager 

Engineer 
-.236 .217 .527 -.76 .28 

    Managerial 

& Survivor 
-.345 .257 .377 -0.96 .27 

  Engineer Project 

manager 
.236 .217 .527 -.28 .76 

    Managerial 

& Survivor 
-.110 .290 .924 -0.80 .58 

  Managerial 

& Survivor 

Project 

manager 
.345 .257 .377 -.27 0.96 

    Engineer .110 .290 .924 -.58 0.80 

OC17 Project 

manager 

Engineer 
.202 .284 .758 -.48 .88 

    Managerial 

& Survivor 
.000 .336 1.000 -0.81 .81 

  Engineer Project 

manager 
-.202 .284 .758 -.88 .48 

    Managerial 

& Survivor 
-.202 .379 .856 -1.11 .71 

  Managerial 

& Survivor 

Project 

manager 
.000 .336 1.000 -.81 0.81 

    Engineer .202 .379 .856 -.71 1.11 
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OC18 Project 

manager 

Engineer 
.162 .270 .822 -.49 0.81 

    Managerial 

& Survivor 
-.202 .320 .803 -.97 .56 

  Engineer Project 

manager 
-.162 .270 .822 -0.81 .49 

    Managerial 

& Survivor 
-.364 .361 .573 -1.23 .50 

  Managerial 

& Survivor 

Project 

manager 
.202 .320 .803 -.56 .97 

    Engineer .364 .361 .573 -.50 1.23 

CC1 Project 

manager 

Engineer 
-.059 .212 .958 -.57 .45 

    Managerial 

& Survivor 
-.524 .251 .099 -1.12 .08 

  Engineer Project 

manager 
.059 .212 .958 -.45 .57 

    Managerial 

& Survivor 
-.465 .282 .233 -1.14 .21 

  Managerial 

& Survivor 

Project 

manager 
.524 .251 .099 -.08 1.12 

    Engineer .465 .282 .233 -.21 1.14 

CC2 Project 

manager 

Engineer 
-.149 .245 .816 -.74 .44 

    Managerial 

& Survivor 
-.333 .290 .487 -1.03 .36 

  Engineer Project 

manager 
.149 .245 .816 -.44 .74 

    Managerial 

& Survivor 
-.184 .327 .840 -.97 .60 

  Managerial 

& Survivor 

Project 

manager 
.333 .290 .487 -.36 1.03 

    Engineer .184 .327 .840 -.60 .97 
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CC3 Project 

manager 

Engineer 
-.589* .230 .034 -1.14 -.04 

    Managerial 

& Survivor 
-0.488 .273 .181 -1.14 .17 

  Engineer Project 

manager 
.589* .230 .034 .04 1.14 

    Managerial 

& Survivor 
.101 .307 .942 -0.64 .84 

  Managerial 

& Survivor 

Project 

manager 
0.488 .273 .181 -.17 1.14 

    Engineer -.101 .307 .942 -.84 0.64 

CC4 Project 

manager 

Engineer 
-.182 .271 .781 -.83 .47 

    Managerial 

& Survivor 
.143 .321 .897 -.62 .91 

  Engineer Project 

manager 
.182 .271 .781 -.47 .83 

    Managerial 

& Survivor 
.325 .361 .643 -.54 1.19 

  Managerial 

& Survivor 

Project 

manager 
-.143 .321 .897 -.91 .62 

    Engineer -.325 .361 .643 -1.19 .54 

CC5 Project 

manager 

Engineer 
.025 .268 .995 -.62 .67 

    Managerial 

& Survivor 
.429 .318 .373 -.33 1.19 

  Engineer Project 

manager 
-.025 .268 .995 -.67 .62 

    Managerial 

& Survivor 
.404 .358 .501 -0.45 1.26 

  Managerial 

& Survivor 

Project 

manager 
-.429 .318 .373 -1.19 .33 

    Engineer -.404 .358 .501 -1.26 0.45 
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CC6 Project 

manager 

Engineer 
-.411 .244 .218 -.99 .17 

    Managerial 

& Survivor 
-.429 .289 .304 -1.12 .26 

  Engineer Project 

manager 
.411 .244 .218 -.17 .99 

    Managerial 

& Survivor 
-.018 .325 .998 -.80 .76 

  Managerial 

& Survivor 

Project 

manager 
.429 .289 .304 -.26 1.12 

    Engineer .018 .325 .998 -.76 .80 

CC7 Project 

manager 

Engineer 
-.263 .250 .547 -.86 .34 

    Managerial 

& Survivor 
-.833* .296 .017 -1.54 -.12 

  Engineer Project 

manager 
.263 .250 .547 -.34 .86 

    Managerial 

& Survivor 
-.570 .334 .209 -1.37 .23 

  Managerial 

& Survivor 

Project 

manager 
.833* .296 .017 .12 1.54 

    Engineer .570 .334 .209 -.23 1.37 

CC8 Project 

manager 

Engineer 
-.040 .249 .986 -.64 .56 

    Managerial 

& Survivor 
.131 .295 .897 -.58 .84 

  Engineer Project 

manager 
.040 .249 .986 -.56 .64 

    Managerial 

& Survivor 
.171 .332 .864 -.62 .97 

  Managerial 

& Survivor 

Project 

manager 
-.131 .295 .897 -.84 .58 

    Engineer -.171 .332 .864 -.97 .62 
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CC9 Project 

manager 

Engineer 
-.084 .194 .902 -.55 .38 

    Managerial 

& Survivor 
-.286 .230 .432 -.84 .26 

  Engineer Project 

manager 
.084 .194 .902 -.38 .55 

    Managerial 

& Survivor 
-.202 .259 .717 -.82 .42 

  Managerial 

& Survivor 

Project 

manager 
.286 .230 .432 -.26 .84 

    Engineer .202 .259 .717 -.42 .82 

CC10 Project 

manager 

Engineer 
.306 .259 .469 -.31 .93 

    Managerial 

& Survivor 
-.238 .307 .719 -.97 .50 

  Engineer Project 

manager 
-.306 .259 .469 -.93 .31 

    Managerial 

& Survivor 
-.544 .345 .263 -1.37 .28 

  Managerial 

& Survivor 

Project 

manager 
.238 .307 .719 -.50 .97 

    Engineer .544 .345 .263 -.28 1.37 

CC11 Project 

manager 

Engineer 
-.167 .292 .836 -.86 .53 

    Managerial 

& Survivor 
-.167 .345 .880 -0.99 .66 

  Engineer Project 

manager 
.167 .292 .836 -.53 .86 

    Managerial 

& Survivor 
.000 .389 1.000 -.93 .93 

  Managerial 

& Survivor 

Project 

manager 
.167 .345 .880 -.66 0.99 

    Engineer .000 .389 1.000 -.93 .93 
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CC12 Project 

manager 

Engineer 
-.065 .266 .967 -.70 .57 

    Managerial 

& Survivor 
-.048 .315 .987 -0.80 .71 

  Engineer Project 

manager 
.065 .266 .967 -.57 .70 

    Managerial 

& Survivor 
.018 .354 .999 -.83 .87 

  Managerial 

& Survivor 

Project 

manager 
.048 .315 .987 -.71 0.80 

    Engineer -.018 .354 .999 -.87 .83 

CC13 Project 

manager 

Engineer 
.195 .238 .691 -.37 .76 

    Managerial 

& Survivor 
-.024 .281 .996 -.70 .65 

  Engineer Project 

manager 
-.195 .238 .691 -.76 .37 

    Managerial 

& Survivor 
-.219 .317 .769 -.98 .54 

  Managerial 

& Survivor 

Project 

manager 
.024 .281 .996 -.65 .70 

    Engineer .219 .317 .769 -.54 .98 

CC14 Project 

manager 

Engineer 
.108 .268 .915 -.53 .75 

    Managerial 

& Survivor 
-.107 .317 .939 -.87 .65 

  Engineer Project 

manager 
-.108 .268 .915 -.75 .53 

    Managerial 

& Survivor 
-.215 .358 .820 -1.07 .64 

  Managerial 

& Survivor 

Project 

manager 
.107 .317 .939 -.65 .87 

    Engineer .215 .358 .820 -.64 1.07 
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CC15 Project 

manager 

Engineer 
.580 .306 .147 -.15 1.31 

    Managerial 

& Survivor 
.321 .362 .650 -.55 1.19 

  Engineer Project 

manager 
-.580 .306 .147 -1.31 .15 

    Managerial 

& Survivor 
-.259 .408 .802 -1.23 .72 

  Managerial 

& Survivor 

Project 

manager 
-.321 .362 .650 -1.19 .55 

    Engineer .259 .408 .802 -.72 1.23 

CC16 Project 

manager 

Engineer 
.762* .270 .017 .12 1.41 

    Managerial 

& Survivor 
.179 .319 .842 -0.59 .94 

  Engineer Project 

manager 
-.762* .270 .017 -1.41 -.12 

    Managerial 

& Survivor 
-.583 .359 .243 -1.44 .28 

  Managerial 

& Survivor 

Project 

manager 
-.179 .319 .842 -.94 0.59 

    Engineer .583 .359 .243 -.28 1.44 

CC17 Project 

manager 

Engineer 
.184 .263 .765 -.45 .81 

    Managerial 

& Survivor 
-.583 .312 .155 -1.33 .16 

  Engineer Project 

manager 
-.184 .263 .765 -.81 .45 

    Managerial 

& Survivor 
-.768 .351 .081 -1.61 .07 

  Managerial 

& Survivor 

Project 

manager 
.583 .312 .155 -.16 1.33 

    Engineer .768 .351 .081 -.07 1.61 
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CNC1 Project 

manager 

Engineer 
-.143 .314 .892 -.89 .61 

    Managerial 

& Survivor 
-.226 .371 .816 -1.12 .66 

  Engineer Project 

manager 
.143 .314 .892 -.61 .89 

    Managerial 

& Survivor 
-.083 .418 .978 -1.08 .92 

  Managerial 

& Survivor 

Project 

manager 
.226 .371 .816 -.66 1.12 

    Engineer .083 .418 .978 -.92 1.08 

CNC2 Project 

manager 

Engineer 
-.139 .262 .856 -.77 .49 

    Managerial 

& Survivor 
-.512 .310 .232 -1.25 .23 

  Engineer Project 

manager 
.139 .262 .856 -.49 .77 

    Managerial 

& Survivor 
-.373 .349 .538 -1.21 .46 

  Managerial 

& Survivor 

Project 

manager 
.512 .310 .232 -.23 1.25 

    Engineer .373 .349 .538 -.46 1.21 

CNC3 Project 

manager 

Engineer 
.508 .277 .166 -.15 1.17 

    Managerial 

& Survivor 
-.405 .328 .436 -1.19 .38 

  Engineer Project 

manager 
-.508 .277 .166 -1.17 .15 

    Managerial 

& Survivor 
-.912* .369 .041 -1.80 -.03 

  Managerial 

& Survivor 

Project 

manager 
.405 .328 .436 -.38 1.19 

    Engineer .912* .369 .041 .03 1.80 
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CNC4 Project 

manager 

Engineer 
-.122 .217 .842 -.64 .40 

    Managerial 

& Survivor 
-.345 .257 .376 -.96 .27 

  Engineer Project 

manager 
.122 .217 .842 -.40 .64 

    Managerial 

& Survivor 
-.224 .289 .721 -.92 .47 

  Managerial 

& Survivor 

Project 

manager 
.345 .257 .376 -.27 .96 

    Engineer .224 .289 .721 -.47 .92 

CNC5 Project 

manager 

Engineer 
.155 .221 .762 -.37 0.68 

    Managerial 

& Survivor 
-.310 .261 .466 -.93 .32 

  Engineer Project 

manager 
-.155 .221 .762 -0.68 .37 

    Managerial 

& Survivor 
-.465 .294 .261 -1.17 .24 

  Managerial 

& Survivor 

Project 

manager 
.310 .261 .466 -.32 .93 

    Engineer .465 .294 .261 -.24 1.17 

CNC6 Project 

manager 

Engineer 
.164 .176 .622 -.26 .59 

    Managerial 

& Survivor 
.024 .208 .993 -.48 .52 

  Engineer Project 

manager 
-.164 .176 .622 -.59 .26 

    Managerial 

& Survivor 
-.140 .235 .822 -.70 .42 

  Managerial 

& Survivor 

Project 

manager 
-.024 .208 .993 -.52 .48 

    Engineer .140 .235 .822 -.42 .70 
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CNC7 Project 

manager 

Engineer 
-.089 .206 .903 -.58 .40 

    Managerial 

& Survivor 
-.071 .244 .954 -.66 .51 

  Engineer Project 

manager 
.089 .206 .903 -.40 .58 

    Managerial 

& Survivor 
.018 .275 .998 -0.64 .68 

  Managerial 

& Survivor 

Project 

manager 
.071 .244 .954 -.51 .66 

    Engineer -.018 .275 .998 -.68 0.64 

CNC8 Project 

manager 

Engineer 
-.193 .244 .711 -.78 .39 

    Managerial 

& Survivor 
-.333 .289 .486 -1.03 .36 

  Engineer Project 

manager 
.193 .244 .711 -.39 .78 

    Managerial 

& Survivor 
-.140 .326 .903 -.92 .64 

  Managerial 

& Survivor 

Project 

manager 
.333 .289 .486 -.36 1.03 

    Engineer .140 .326 .903 -.64 .92 

CNC9 Project 

manager 

Engineer 
-.302 .260 .479 -.92 .32 

    Managerial 

& Survivor 
-.548 .307 .183 -1.28 .19 

  Engineer Project 

manager 
.302 .260 .479 -.32 .92 

    Managerial 

& Survivor 
-.246 .346 .759 -1.07 .58 

  Managerial 

& Survivor 

Project 

manager 
.548 .307 .183 -.19 1.28 

    Engineer .246 .346 .759 -.58 1.07 
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CNC10 Project 

manager 

Engineer 
.019 .270 .997 -.63 .66 

    Managerial 

& Survivor 
-.512 .319 .251 -1.28 .25 

  Engineer Project 

manager 
-.019 .270 .997 -.66 .63 

    Managerial 

& Survivor 
-.531 .360 .309 -1.39 .33 

  Managerial 

& Survivor 

Project 

manager 
.512 .319 .251 -.25 1.28 

    Engineer .531 .360 .309 -.33 1.39 

CNC11 Project 

manager 

Engineer 
-.098 .234 .908 -.66 .46 

    Managerial 

& Survivor 
-.488 .276 .189 -1.15 .17 

  Engineer Project 

manager 
.098 .234 .908 -.46 .66 

    Managerial 

& Survivor 
-.390 .311 .426 -1.14 .36 

  Managerial 

& Survivor 

Project 

manager 
.488 .276 .189 -.17 1.15 

    Engineer .390 .311 .426 -.36 1.14 

CNC12 Project 

manager 

Engineer 
.026 .274 .995 -.63 .68 

    Managerial 

& Survivor 
-.333 .325 .563 -1.11 .44 

  Engineer Project 

manager 
-.026 .274 .995 -.68 .63 

    Managerial 

& Survivor 
-.360 .366 .590 -1.24 .52 

  Managerial 

& Survivor 

Project 

manager 
.333 .325 .563 -.44 1.11 

    Engineer .360 .366 .590 -.52 1.24 
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CNC13 Project 

manager 

Engineer 
-.164 .257 .800 -.78 .45 

    Managerial 

& Survivor 
-.607 .305 .121 -1.34 .12 

  Engineer Project 

manager 
.164 .257 .800 -.45 .78 

    Managerial 

& Survivor 
-.443 .343 .405 -1.26 .38 

  Managerial 

& Survivor 

Project 

manager 
.607 .305 .121 -.12 1.34 

    Engineer .443 .343 .405 -.38 1.26 

CNC14 Project 

manager 

Engineer 
-0.424 .252 .221 -1.03 .18 

    Managerial 

& Survivor 
-.893* .299 .011 -1.61 -.18 

  Engineer Project 

manager 
0.424 .252 .221 -.18 1.03 

    Managerial 

& Survivor 
-.469 .337 .349 -1.28 .34 

  Managerial 

& Survivor 

Project 

manager 
.893* .299 .011 .18 1.61 

    Engineer .469 .337 .349 -.34 1.28 

CNC15 Project 

manager 

Engineer 
-.110 .250 .899 -.71 .49 

    Managerial 

& Survivor 
-.369 .296 .431 -1.08 0.34 

  Engineer Project 

manager 
.110 .250 .899 -.49 .71 

    Managerial 

& Survivor 
-.259 .334 .719 -1.06 0.54 

  Managerial 

& Survivor 

Project 

manager 
.369 .296 .431 -0.34 1.08 

    Engineer .259 .334 .719 -0.54 1.06 
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CNC16 Project 

manager 

Engineer 
-.436 .245 .183 -1.02 .15 

    Managerial 

& Survivor 
-.357 .290 .438 -1.05 .34 

  Engineer Project 

manager 
.436 .245 .183 -.15 1.02 

    Managerial 

& Survivor 
.079 .326 .968 -.70 .86 

  Managerial 

& Survivor 

Project 

manager 
.357 .290 .438 -.34 1.05 

    Engineer -.079 .326 .968 -.86 .70 

CNC17 Project 

manager 

Engineer 
.089 .294 .951 -.61 .79 

    Managerial 

& Survivor 
-.262 .347 .732 -1.09 .57 

  Engineer Project 

manager 
-.089 .294 .951 -.79 .61 

    Managerial 

& Survivor 
-.351 .391 .644 -1.29 .59 

  Managerial 

& Survivor 

Project 

manager 
.262 .347 .732 -.57 1.09 

    Engineer .351 .391 .644 -.59 1.29 

EC1 Project 

manager 

Engineer 
-.405 .297 .366 -1.12 .31 

    Managerial 

& Survivor 
-.071 .352 .978 -.91 .77 

  Engineer Project 

manager 
.405 .297 .366 -.31 1.12 

    Managerial 

& Survivor 
.333 .396 .679 -.62 1.28 

  Managerial 

& Survivor 

Project 

manager 
.071 .352 .978 -.77 .91 

    Engineer -.333 .396 .679 -1.28 .62 
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EC2 Project 

manager 

Engineer 
.031 .284 .993 -.65 .71 

    Managerial 

& Survivor 
-.048 .337 .989 -.85 .76 

  Engineer Project 

manager 
-.031 .284 .993 -.71 .65 

    Managerial 

& Survivor 
-.079 .379 .976 -.99 0.83 

  Managerial 

& Survivor 

Project 

manager 
.048 .337 .989 -.76 .85 

    Engineer .079 .379 .976 -0.83 .99 

EC3 Project 

manager 

Engineer 
-.069 .295 .970 -.78 .64 

    Managerial 

& Survivor 
-.679 .349 .135 -1.52 .16 

  Engineer Project 

manager 
.069 .295 .970 -.64 .78 

    Managerial 

& Survivor 
-.610 .394 .275 -1.55 .33 

  Managerial 

& Survivor 

Project 

manager 
.679 .349 .135 -.16 1.52 

    Engineer .610 .394 .275 -.33 1.55 

EC4 Project 

manager 

Engineer 
-.233 .300 .718 -.95 .49 

    Managerial 

& Survivor 
-.202 .355 .837 -1.05 .65 

  Engineer Project 

manager 
.233 .300 .718 -.49 .95 

    Managerial 

& Survivor 
.031 .400 .997 -0.93 .99 

  Managerial 

& Survivor 

Project 

manager 
.202 .355 .837 -.65 1.05 

    Engineer -.031 .400 .997 -.99 0.93 
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EC5 Project 

manager 

Engineer 
-.150 .256 .827 -.76 .46 

    Managerial 

& Survivor 
-0.488 .303 .247 -1.21 .24 

  Engineer Project 

manager 
.150 .256 .827 -.46 .76 

    Managerial 

& Survivor 
-0.338 .341 .585 -1.15 .48 

  Managerial 

& Survivor 

Project 

manager 
0.488 .303 .247 -.24 1.21 

    Engineer 0.338 .341 .585 -.48 1.15 

EC6 Project 

manager 

Engineer 
-.089 .263 .939 -.72 .54 

    Managerial 

& Survivor 
-0.321 .311 .558 -1.07 .42 

  Engineer Project 

manager 
.089 .263 .939 -.54 .72 

    Managerial 

& Survivor 
-0.232 .350 .785 -1.07 .61 

  Managerial 

& Survivor 

Project 

manager 
0.321 .311 .558 -.42 1.07 

    Engineer 0.232 .350 .785 -.61 1.07 

EC7 Project 

manager 

Engineer 
-.352 .264 .382 -.99 .28 

    Managerial 

& Survivor 
-.488 .313 .270 -1.24 .26 

  Engineer Project 

manager 
.352 .264 .382 -.28 .99 

    Managerial 

& Survivor 
-.136 .353 .921 -.98 .71 

  Managerial 

& Survivor 

Project 

manager 
.488 .313 .270 -.26 1.24 

    Engineer .136 .353 .921 -.71 .98 
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EC8 Project 

manager 

Engineer 
-.663* .257 .032 -1.28 -.05 

    Managerial 

& Survivor 
-.036 .304 .992 -.76 .69 

  Engineer Project 

manager 
.663* .257 .032 .05 1.28 

    Managerial 

& Survivor 
.627 .343 .167 -.19 1.45 

  Managerial 

& Survivor 

Project 

manager 
.036 .304 .992 -.69 .76 

    Engineer -.627 .343 .167 -1.45 .19 

EC9 Project 

manager 

Engineer 
-.246 .292 .679 -.95 .45 

    Managerial 

& Survivor 
-.417 .346 .455 -1.25 .41 

  Engineer Project 

manager 
.246 .292 .679 -.45 .95 

    Managerial 

& Survivor 
-.171 .390 .899 -1.10 .76 

  Managerial 

& Survivor 

Project 

manager 
.417 .346 .455 -.41 1.25 

    Engineer .171 .390 .899 -.76 1.10 

EC10 Project 

manager 

Engineer 
-.444 .266 .225 -1.08 .19 

    Managerial 

& Survivor 
-.119 .315 .924 -0.87 .63 

  Engineer Project 

manager 
.444 .266 .225 -.19 1.08 

    Managerial 

& Survivor 
.325 .355 .633 -.52 1.17 

  Managerial 

& Survivor 

Project 

manager 
.119 .315 .924 -.63 0.87 

    Engineer -.325 .355 .633 -1.17 .52 
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EC11 Project 

manager 

Engineer 
-.098 .269 .930 -.74 .55 

    Managerial 

& Survivor 
-.071 .318 .973 -.83 .69 

  Engineer Project 

manager 
.098 .269 .930 -.55 .74 

    Managerial 

& Survivor 
.026 .358 .997 -.83 .88 

  Managerial 

& Survivor 

Project 

manager 
.071 .318 .973 -.69 .83 

    Engineer -.026 .358 .997 -.88 .83 

EC12 Project 

manager 

Engineer 
.110 .271 .913 -.54 .76 

    Managerial 

& Survivor 
-.131 .321 .913 -0.90 .64 

  Engineer Project 

manager 
-.110 .271 .913 -.76 .54 

    Managerial 

& Survivor 
-.241 .362 .783 -1.11 .62 

  Managerial 

& Survivor 

Project 

manager 
.131 .321 .913 -.64 0.90 

    Engineer .241 .362 .783 -.62 1.11 

* The mean difference is significant at the 0.05 level.     
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ANOVA test results for questionnaire factors based on scope impact 

Dependent Variable 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

OC1 Between 

Groups 
1.385 2 .692 1.251 .292 

  Within 

Groups 
38.725 70 .553     

  Total 40.110 72       

OC2 Between 

Groups 
.433 2 .216 0.221 .802 

  Within 

Groups 
68.526 70 .979     

  Total 68.959 72       

OC3 Between 

Groups 
0.348 2 0.174 0.204 .816 

  Within 

Groups 
59.707 70 .853     

  Total 60.055 72       

OC4 Between 

Groups 
1.609 2 .804 .888 .416 

  Within 

Groups 
63.432 70 .906     

  Total 65.041 72       

OC5 Between 

Groups 
1.189 2 .595 .801 .453 

  Within 

Groups 
51.934 70 .742     

  Total 53.123 72       

OC6 Between 

Groups 
1.293 2 0.646 0.949 .392 

  Within 

Groups 
47.694 70 .681     
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  Total 48.986 72       

OC7 Between 

Groups 
1.907 2 .953 1.171 .316 

  Within 

Groups 
56.970 70 .814     

  Total 58.877 72       

OC8 Between 

Groups 
2.891 2 1.445 1.257 .291 

  Within 

Groups 
80.479 70 1.150     

  Total 83.370 72       

OC9 Between 

Groups 
2.513 2 1.257 1.454 .241 

  Within 

Groups 
60.501 70 0.864     

  Total 63.014 72       

OC10 Between 

Groups 
.896 2 .448 .495 .612 

  Within 

Groups 
63.432 70 .906     

  Total 64.329 72       

OC11 Between 

Groups 
0.277 2 0.138 0.150 .861 

  Within 

Groups 
64.737 70 .925     

  Total 65.014 72       

OC12 Between 

Groups 
0.277 2 .138 .133 .876 

  Within 

Groups 
72.764 70 1.039     

  Total 73.041 72       
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OC13 Between 

Groups 
0.212 2 .106 .094 .911 

  Within 

Groups 
79.158 70 1.131     

  Total 79.370 72       

OC14 Between 

Groups 
1.129 2 0.564 0.558 .575 

  Within 

Groups 
70.816 70 1.012     

  Total 71.945 72       

OC15 Between 

Groups 
2.342 2 1.171 1.424 .248 

  Within 

Groups 
57.548 70 .822     

  Total 59.890 72       

OC16 Between 

Groups 
1.441 2 0.720 1.015 .368 

  Within 

Groups 
49.682 70 .710     

  Total 51.123 72       

OC17 Between 

Groups 
1.007 2 0.504 0.556 .576 

  Within 

Groups 
63.431 70 .906     

  Total 64.438 72       

OC18 Between 

Groups 
2.413 2 1.207 1.286 .283 

  Within 

Groups 
65.669 70 0.938     

  Total 68.082 72       

CC1 Between 

Groups 
1.079 2 .540 .653 .524 
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  Within 

Groups 
57.880 70 .827     

  Total 58.959 72       

CC2 Between 

Groups 
1.066 2 .533 .571 .568 

  Within 

Groups 
65.427 70 .935     

  Total 66.493 72       

CC3 Between 

Groups 
1.657 2 0.829 0.803 .452 

  Within 

Groups 
72.233 70 1.032     

  Total 73.890 72       

CC4 Between 

Groups 
.040 2 .020 .021 .979 

  Within 

Groups 
67.905 70 .970     

  Total 67.945 72       

CC5 Between 

Groups 
.845 2 .422 .438 .647 

  Within 

Groups 
67.593 70 .966     

  Total 68.438 72       

CC6 Between 

Groups 
0.635 2 .318 0.385 .682 

  Within 

Groups 
57.694 70 .824     

  Total 58.329 72       

CC7 Between 

Groups 
2.974 2 1.487 1.651 .199 

  Within 

Groups 
63.026 70 .900     



N. Alsohiman                                          2017                               University of Liverpool  

 

 

447 

  Total 66.000 72       

CC8 Between 

Groups 
4.501 2 2.250 2.743 .071 

  Within 

Groups 
57.417 70 .820     

  Total 61.918 72       

CC9 Between 

Groups 
.253 2 .127 .155 .857 

  Within 

Groups 
57.062 70 .815     

  Total 57.315 72       

CC10 Between 

Groups 
.087 2 .043 .046 .955 

  Within 

Groups 
66.242 70 .946     

  Total 66.329 72       

CC11 Between 

Groups 
0.475 2 .238 0.320 .727 

  Within 

Groups 
51.963 70 .742     

  Total 52.438 72       

CC12 Between 

Groups 
0.265 2 .132 0.147 .864 

  Within 

Groups 
63.105 70 .902     

  Total 63.370 72       

CC13 Between 

Groups 
.163 2 .082 .082 .921 

  Within 

Groups 
69.207 70 .989     

  Total 69.370 72       
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CC14 Between 

Groups 
3.629 2 1.814 1.838 .167 

  Within 

Groups 
69.111 70 .987     

  Total 72.740 72       

CC15 Between 

Groups 
4.317 2 2.158 1.853 .164 

  Within 

Groups 
81.519 70 1.165     

  Total 85.836 72       

CC16 Between 

Groups 
2.009 2 1.004 .928 .400 

  Within 

Groups 
75.772 70 1.082     

  Total 77.781 72       

CC17 Between 

Groups 
.214 2 .107 .127 .881 

  Within 

Groups 
58.827 70 .840     

  Total 59.041 72       

CNC1 Between 

Groups 
1.531 2 .766 .844 .434 

  Within 

Groups 
63.510 70 .907     

  Total 65.041 72       

CNC2 Between 

Groups 
.823 2 .411 .510 .603 

  Within 

Groups 
56.492 70 .807     

  Total 57.315 72       

CNC3 Between 

Groups 
.078 2 .039 .043 .958 
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  Within 

Groups 
63.812 70 .912     

  Total 63.890 72       

CNC4 Between 

Groups 
1.288 2 .644 0.596 .554 

  Within 

Groups 
75.589 70 1.080     

  Total 76.877 72       

CNC5 Between 

Groups 
5.289 2 2.644 2.818 .067 

  Within 

Groups 
65.697 70 .939     

  Total 70.986 72       

CNC6 Between 

Groups 
3.854 2 1.927 2.556 .085 

  Within 

Groups 
52.776 70 .754     

  Total 56.630 72       

CNC7 Between 

Groups 
1.489 2 .745 0.682 .509 

  Within 

Groups 
76.456 70 1.092     

  Total 77.945 72       

CNC8 Between 

Groups 
2.428 2 1.214 1.086 .343 

  Within 

Groups 
78.229 70 1.118     

  Total 80.658 72       

CNC9 Between 

Groups 
1.934 2 .967 .908 .408 

  Within 

Groups 
74.560 70 1.065     
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  Total 76.493 72       

CNC10 Between 

Groups 
0.644 2 .322 0.311 .734 

  Within 

Groups 
72.479 70 1.035     

  Total 73.123 72       

CNC11 Between 

Groups 
1.363 2 0.682 0.723 .489 

  Within 

Groups 
65.979 70 .943     

  Total 67.342 72       

CNC12 Between 

Groups 
1.665 2 .833 .899 .412 

  Within 

Groups 
64.855 70 .927     

  Total 66.521 72       

CNC13 Between 

Groups 
1.277 2 0.638 0.633 .534 

  Within 

Groups 
70.641 70 1.009     

  Total 71.918 72       

CNC14 Between 

Groups 
8.296 2 4.148 4.552 .014 

  Within 

Groups 
63.786 70 .911     

  Total 72.082 72       

CNC15 Between 

Groups 
0.790 2 0.395 0.456 .636 

  Within 

Groups 
60.689 70 0.867     

  Total 61.479 72       
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CNC16 Between 

Groups 
1.738 2 .869 .785 .460 

  Within 

Groups 
77.522 70 1.107     

  Total 79.260 72       

CNC17 Between 

Groups 
0.016 2 0.008 0.008 .992 

  Within 

Groups 
70.669 70 1.010     

  Total 70.685 72       

EC1 Between 

Groups 
3.763 2 1.882 1.888 .159 

  Within 

Groups 
69.744 70 .996     

  Total 73.507 72       

EC2 Between 

Groups 
2.214 2 1.107 1.085 .344 

  Within 

Groups 
71.457 70 1.021     

  Total 73.671 72       

EC3 Between 

Groups 
2.300 2 1.150 1.127 .330 

  Within 

Groups 
71.453 70 1.021     

  Total 73.753 72       

EC4 Between 

Groups 
0.091 2 .045 0.051 .950 

  Within 

Groups 
61.827 70 .883     

  Total 61.918 72       

EC5 Between 

Groups 
0.895 2 0.447 0.454 .637 
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  Within 

Groups 
68.941 70 .985     

  Total 69.836 72       

EC6 Between 

Groups 
5.048 2 2.524 2.893 .062 

  Within 

Groups 
61.062 70 .872     

  Total 66.110 72       

EC7 Between 

Groups 
.516 2 .258 .267 .767 

  Within 

Groups 
67.703 70 .967     

  Total 68.219 72       

EC8 Between 

Groups 
2.961 2 1.480 1.609 .207 

  Within 

Groups 
64.409 70 .920     

  Total 67.370 72       

EC9 Between 

Groups 
7.048 2 3.524 3.201 .047 

  Within 

Groups 
77.062 70 1.101     

  Total 84.110 72       

EC10 Between 

Groups 
4.108 2 2.054 2.356 .102 

  Within 

Groups 
61.016 70 .872     

  Total 65.123 72       

EC11 Between 

Groups 
.260 2 .130 .159 .853 

  Within 

Groups 
57.001 70 .814     
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  Total 57.260 72       

EC12 Between 

Groups 
5.451 2 2.725 2.513 .088 

  Within 

Groups 
75.919 70 1.085     

  Total 81.370 72       

 

 

 

CNC14     

Tukey HSD 

a,b     

 Job title N 

Subset for alpha = 

0.05  

1    

Project 

manager 
42 2.26   

 

Managerial & 

Survivor 
12 2.83   

 

Engineer 19 3    

Sig.   .053    

Means for groups in homogeneous subsets are displayed. 

a Uses Harmonic Mean Sample Size = 18.776. 

b The group sizes are unequal. The harmonic mean of the 

group sizes is used. Type I error levels are not guaranteed. 

 

 

EC9    
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Tukey HSD 

a,b    

 Job title N 

Subset for alpha = 

0.05 

1 2 

Project 

manager 
42 2.43   

Engineer 19 2.84 2.84 

Managerial & 

Survivor 
12   3.25 

Sig.   .453 0.462 

 

 

 

   

Post Hoc 

Tests    

Multiple Comparisons      

Tukey HSD              

Dependent Variable (I)  Job title 
(J)  Job 

title 

Mean 

Difference 

(I-J) 

Std. 

Error 
Sig. 

95% 

Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

OC1 Project 

manager 

Engineer 
-.312 .206 .289 -.80 .18 

    Managerial 

& Survivor 
-.202 .243 .685 -.79 .38 

  Engineer Project 

manager 
.312 .206 .289 -.18 .80 

    Managerial .110 .274 .916 -.55 .77 
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& Survivor 

  Managerial 

& Survivor 

Project 

manager 
.202 .243 .685 -.38 .79 

    Engineer -.110 .274 .916 -.77 .55 

OC2 Project 

manager 

Engineer 
-.175 .274 .798 -.83 .48 

    Managerial 

& Survivor 
.000 .324 1.000 -.78 .78 

  Engineer Project 

manager 
.175 .274 .798 -.48 .83 

    Managerial 

& Survivor 
.175 .365 .881 -.70 1.05 

  Managerial 

& Survivor 

Project 

manager 
.000 .324 1.000 -.78 .78 

    Engineer -.175 .365 .881 -1.05 .70 

OC3 Project 

manager 

Engineer 
.130 .255 .867 -.48 .74 

    Managerial 

& Survivor 
-.071 .302 .970 -.80 0.65 

  Engineer Project 

manager 
-.130 .255 .867 -.74 .48 

    Managerial 

& Survivor 
-.202 .341 .825 -1.02 .61 

  Managerial 

& Survivor 

Project 

manager 
.071 .302 .970 -0.65 .80 

    Engineer .202 .341 .825 -.61 1.02 

OC4 Project 

manager 

Engineer 
-.252 .263 .606 -.88 .38 

    Managerial 

& Survivor 
-.357 .312 .489 -1.10 .39 

  Engineer Project 

manager 
.252 .263 .606 -.38 .88 
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    Managerial 

& Survivor 
-.105 .351 .952 -0.95 .74 

  Managerial 

& Survivor 

Project 

manager 
.357 .312 .489 -.39 1.10 

    Engineer .105 .351 .952 -.74 0.95 

OC5 Project 

manager 

Engineer 
-.263 .238 .514 -.83 .31 

    Managerial 

& Survivor 
-.250 .282 .650 -.93 .43 

  Engineer Project 

manager 
.263 .238 .514 -.31 .83 

    Managerial 

& Survivor 
.013 .318 .999 -.75 .77 

  Managerial 

& Survivor 

Project 

manager 
.250 .282 .650 -.43 .93 

    Engineer -.013 .318 .999 -.77 .75 

OC6 Project 

manager 

Engineer 
.306 .228 .378 -.24 0.85 

    Managerial 

& Survivor 
.012 .270 .999 -.64 .66 

  Engineer Project 

manager 
-.306 .228 .378 -0.85 .24 

    Managerial 

& Survivor 
-.294 .304 .601 -1.02 .43 

  Managerial 

& Survivor 

Project 

manager 
-.012 .270 .999 -.66 .64 

    Engineer .294 .304 .601 -.43 1.02 

OC7 Project 

manager 

Engineer 
-.358 .249 .328 -.96 .24 

    Managerial 

& Survivor 
-.262 .295 .650 -.97 .45 

  Engineer Project 

manager 
.358 .249 .328 -.24 .96 
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    Managerial 

& Survivor 
.096 .333 .955 -.70 .89 

  Managerial 

& Survivor 

Project 

manager 
.262 .295 .650 -.45 .97 

    Engineer -.096 .333 .955 -.89 .70 

OC8 Project 

manager 

Engineer 
-.242 .296 .695 -.95 .47 

    Managerial 

& Survivor 
-.536 .351 .285 -1.38 .30 

  Engineer Project 

manager 
.242 .296 .695 -.47 .95 

    Managerial 

& Survivor 
-.294 .395 .739 -1.24 .65 

  Managerial 

& Survivor 

Project 

manager 
.536 .351 .285 -.30 1.38 

    Engineer .294 .395 .739 -.65 1.24 

OC9 Project 

manager 

Engineer 
.183 .257 .757 -.43 .80 

    Managerial 

& Survivor 
.512 .304 .219 -.22 1.24 

  Engineer Project 

manager 
-.183 .257 .757 -.80 .43 

    Managerial 

& Survivor 
.329 .343 .605 -.49 1.15 

  Managerial 

& Survivor 

Project 

manager 
-.512 .304 .219 -1.24 .22 

    Engineer -.329 .343 .605 -1.15 .49 

OC10 Project 

manager 

Engineer 
.081 .263 .949 -.55 .71 

    Managerial 

& Survivor 
.310 .312 .583 -.44 1.06 

  Engineer Project 

manager 
-.081 .263 .949 -.71 .55 
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    Managerial 

& Survivor 
.228 .351 .793 -.61 1.07 

  Managerial 

& Survivor 

Project 

manager 
-.310 .312 .583 -1.06 .44 

    Engineer -.228 .351 .793 -1.07 .61 

OC11 Project 

manager 

Engineer 
.140 .266 .858 -.50 .78 

    Managerial 

& Survivor 
.000 .315 1.000 -0.75 .75 

  Engineer Project 

manager 
-.140 .266 .858 -.78 .50 

    Managerial 

& Survivor 
-.140 .355 .917 -0.99 .71 

  Managerial 

& Survivor 

Project 

manager 
.000 .315 1.000 -.75 0.75 

    Engineer .140 .355 .917 -.71 0.99 

OC12 Project 

manager 

Engineer 
.128 .282 .893 -.55 .80 

    Managerial 

& Survivor 
.119 .334 .932 -.68 0.92 

  Engineer Project 

manager 
-.128 .282 .893 -.80 .55 

    Managerial 

& Survivor 
-.009 .376 1.000 -.91 0.89 

  Managerial 

& Survivor 

Project 

manager 
-.119 .334 .932 -0.92 .68 

    Engineer .009 .376 1.000 -0.89 .91 

OC13 Project 

manager 

Engineer 
-.123 .294 .908 -.83 .58 

    Managerial 

& Survivor 
.000 .348 1.000 -.83 .83 

  Engineer Project 

manager 
.123 .294 .908 -.58 .83 
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    Managerial 

& Survivor 
.123 .392 .947 -.82 1.06 

  Managerial 

& Survivor 

Project 

manager 
.000 .348 1.000 -.83 .83 

    Engineer -.123 .392 .947 -1.06 .82 

OC14 Project 

manager 

Engineer 
-.043 .278 .987 -.71 .62 

    Managerial 

& Survivor 
-.345 .329 .549 -1.13 0.44 

  Engineer Project 

manager 
.043 .278 .987 -.62 .71 

    Managerial 

& Survivor 
-.303 .371 .694 -1.19 0.59 

  Managerial 

& Survivor 

Project 

manager 
.345 .329 .549 -0.44 1.13 

    Engineer .303 .371 .694 -0.59 1.19 

OC15 Project 

manager 

Engineer 
.421 .251 .220 -.18 1.02 

    Managerial 

& Survivor 
.083 .297 .957 -.63 .79 

  Engineer Project 

manager 
-.421 .251 .220 -1.02 .18 

    Managerial 

& Survivor 
-.338 .334 .573 -1.14 .46 

  Managerial 

& Survivor 

Project 

manager 
-.083 .297 .957 -.79 .63 

    Engineer .338 .334 .573 -.46 1.14 

OC16 Project 

manager 

Engineer 
-.081 .233 .935 -.64 .48 

    Managerial 

& Survivor 
-.393 .276 .334 -1.05 .27 

  Engineer Project 

manager 
.081 .233 .935 -.48 .64 
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    Managerial 

& Survivor 
-.311 .311 .578 -1.06 .43 

  Managerial 

& Survivor 

Project 

manager 
.393 .276 .334 -.27 1.05 

    Engineer .311 .311 .578 -.43 1.06 

OC17 Project 

manager 

Engineer 
.223 .263 .675 -.41 .85 

    Managerial 

& Survivor 
-.119 .312 .923 -0.87 .63 

  Engineer Project 

manager 
-.223 .263 .675 -.85 .41 

    Managerial 

& Survivor 
-.342 .351 .595 -1.18 .50 

  Managerial 

& Survivor 

Project 

manager 
.119 .312 .923 -.63 0.87 

    Engineer .342 .351 .595 -.50 1.18 

OC18 Project 

manager 

Engineer 
.366 .268 .364 -.28 1.01 

    Managerial 

& Survivor 
-.143 .317 .894 -.90 .62 

  Engineer Project 

manager 
-.366 .268 .364 -1.01 .28 

    Managerial 

& Survivor 
-.509 .357 .334 -1.36 .35 

  Managerial 

& Survivor 

Project 

manager 
.143 .317 .894 -.62 .90 

    Engineer .509 .357 .334 -.35 1.36 

CC1 Project 

manager 

Engineer 
-.283 .251 .501 -.89 .32 

    Managerial 

& Survivor 
-.143 .298 .881 -.86 .57 

  Engineer Project 

manager 
.283 .251 .501 -.32 .89 
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    Managerial 

& Survivor 
.140 .335 .908 -.66 .94 

  Managerial 

& Survivor 

Project 

manager 
.143 .298 .881 -.57 .86 

    Engineer -.140 .335 .908 -.94 .66 

CC2 Project 

manager 

Engineer 
-.197 .267 .743 -.84 .44 

    Managerial 

& Survivor 
-.298 .316 .617 -1.06 .46 

  Engineer Project 

manager 
.197 .267 .743 -.44 .84 

    Managerial 

& Survivor 
-.101 .356 .957 -.95 .75 

  Managerial 

& Survivor 

Project 

manager 
.298 .316 .617 -.46 1.06 

    Engineer .101 .356 .957 -.75 .95 

CC3 Project 

manager 

Engineer 
-.185 .281 .787 -.86 .49 

    Managerial 

& Survivor 
-0.405 .333 .447 -1.20 .39 

  Engineer Project 

manager 
.185 .281 .787 -.49 .86 

    Managerial 

& Survivor 
-.219 .375 .828 -1.12 .68 

  Managerial 

& Survivor 

Project 

manager 
0.405 .333 .447 -.39 1.20 

    Engineer .219 .375 .828 -.68 1.12 

CC4 Project 

manager 

Engineer 
-.048 .272 .983 -.70 .60 

    Managerial 

& Survivor 
-.048 .322 .988 -.82 .72 

  Engineer Project 

manager 
.048 .272 .983 -.60 .70 
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    Managerial 

& Survivor 
.000 .363 1.000 -.87 .87 

  Managerial 

& Survivor 

Project 

manager 
.048 .322 .988 -.72 .82 

    Engineer .000 .363 1.000 -.87 .87 

CC5 Project 

manager 

Engineer 
.030 .272 .993 -.62 .68 

    Managerial 

& Survivor 
.298 .322 .626 -.47 1.07 

  Engineer Project 

manager 
-.030 .272 .993 -.68 .62 

    Managerial 

& Survivor 
.268 .362 .742 -0.60 1.14 

  Managerial 

& Survivor 

Project 

manager 
-.298 .322 .626 -1.07 .47 

    Engineer -.268 .362 .742 -1.14 0.60 

CC6 Project 

manager 

Engineer 
-.115 .251 .890 -.72 .49 

    Managerial 

& Survivor 
.179 .297 .820 -0.53 .89 

  Engineer Project 

manager 
.115 .251 .890 -.49 .72 

    Managerial 

& Survivor 
.294 .335 .656 -.51 1.10 

  Managerial 

& Survivor 

Project 

manager 
-.179 .297 .820 -.89 0.53 

    Engineer -.294 .335 .656 -1.10 .51 

CC7 Project 

manager 

Engineer 
-.325 .262 .436 -.95 .30 

    Managerial 

& Survivor 
-0.5 .311 .248 -1.24 .24 

  Engineer Project 

manager 
.325 .262 .436 -.30 .95 
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    Managerial 

& Survivor 
-.175 .350 .871 -1.01 .66 

  Managerial 

& Survivor 

Project 

manager 
0.5 .311 .248 -.24 1.24 

    Engineer .175 .350 .871 -.66 1.01 

CC8 Project 

manager 

Engineer 
-.159 .250 .801 -.76 .44 

    Managerial 

& Survivor 
.595 .296 .118 -.11 1.31 

  Engineer Project 

manager 
.159 .250 .801 -.44 .76 

    Managerial 

& Survivor 
.754 .334 .068 -.05 1.55 

  Managerial 

& Survivor 

Project 

manager 
-.595 .296 .118 -1.31 .11 

    Engineer -.754 .334 .068 -1.55 .05 

CC9 Project 

manager 

Engineer 
.080 .250 .945 -.52 .68 

    Managerial 

& Survivor 
.155 .296 .860 -.55 .86 

  Engineer Project 

manager 
-.080 .250 .945 -.68 .52 

    Managerial 

& Survivor 
.075 .333 .973 -.72 .87 

  Managerial 

& Survivor 

Project 

manager 
-.155 .296 .860 -.86 .55 

    Engineer -.075 .333 .973 -.87 .72 

CC10 Project 

manager 

Engineer 
.034 .269 .991 -.61 .68 

    Managerial 

& Survivor 
.095 .318 .952 -.67 .86 

  Engineer Project 

manager 
-.034 .269 .991 -.68 .61 
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    Managerial 

& Survivor 
.061 .359 .984 -.80 .92 

  Managerial 

& Survivor 

Project 

manager 
-.095 .318 .952 -.86 .67 

    Engineer -.061 .359 .984 -.92 .80 

CC11 Project 

manager 

Engineer 
-.164 .238 .771 -.73 .41 

    Managerial 

& Survivor 
.060 .282 .976 -0.62 .73 

  Engineer Project 

manager 
.164 .238 .771 -.41 .73 

    Managerial 

& Survivor 
.224 .318 .762 -.54 .98 

  Managerial 

& Survivor 

Project 

manager 
-.060 .282 .976 -.73 0.62 

    Engineer -.224 .318 .762 -.98 .54 

CC12 Project 

manager 

Engineer 
-.018 .263 .998 -.65 .61 

    Managerial 

& Survivor 
-.167 .311 .854 -0.91 .58 

  Engineer Project 

manager 
.018 .263 .998 -.61 .65 

    Managerial 

& Survivor 
-.149 .350 .905 -.99 .69 

  Managerial 

& Survivor 

Project 

manager 
.167 .311 .854 -.58 0.91 

    Engineer .149 .350 .905 -.69 .99 

CC13 Project 

manager 

Engineer 
.107 .275 .921 -.55 .76 

    Managerial 

& Survivor 
.071 .325 .974 -.71 .85 

  Engineer Project 

manager 
-.107 .275 .921 -.76 .55 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

465 

    Managerial 

& Survivor 
-.035 .367 .995 -.91 .84 

  Managerial 

& Survivor 

Project 

manager 
-.071 .325 .974 -.85 .71 

    Engineer .035 .367 .995 -.84 .91 

CC14 Project 

manager 

Engineer 
.442 .275 .248 -.22 1.10 

    Managerial 

& Survivor 
.464 .325 .332 -.31 1.24 

  Engineer Project 

manager 
-.442 .275 .248 -1.10 .22 

    Managerial 

& Survivor 
.022 .366 .998 -0.86 .90 

  Managerial 

& Survivor 

Project 

manager 
-.464 .325 .332 -1.24 .31 

    Engineer -.022 .366 .998 -.90 0.86 

CC15 Project 

manager 

Engineer 
.566 .298 .147 -.15 1.28 

    Managerial 

& Survivor 
.286 .353 .699 -.56 1.13 

  Engineer Project 

manager 
-.566 .298 .147 -1.28 .15 

    Managerial 

& Survivor 
-.281 .398 .761 -1.23 .67 

  Managerial 

& Survivor 

Project 

manager 
-.286 .353 .699 -1.13 .56 

    Engineer .281 .398 .761 -.67 1.23 

CC16 Project 

manager 

Engineer 
.316 .288 .519 -.37 1.00 

    Managerial 

& Survivor 
-.167 .341 .877 -0.98 .65 

  Engineer Project 

manager 
-.316 .288 .519 -1.00 .37 
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    Managerial 

& Survivor 
-.482 .384 .424 -1.40 .44 

  Managerial 

& Survivor 

Project 

manager 
.167 .341 .877 -.65 0.98 

    Engineer .482 .384 .424 -.44 1.40 

CC17 Project 

manager 

Engineer 
-.073 .253 .956 -.68 .53 

    Managerial 

& Survivor 
-.143 .300 .883 -.86 .58 

  Engineer Project 

manager 
.073 .253 .956 -.53 .68 

    Managerial 

& Survivor 
-.070 .338 .977 -.88 .74 

  Managerial 

& Survivor 

Project 

manager 
.143 .300 .883 -.58 .86 

    Engineer .070 .338 .977 -.74 .88 

CNC1 Project 

manager 

Engineer 
-.197 .263 .736 -.83 .43 

    Managerial 

& Survivor 
-.381 .312 .444 -1.13 .37 

  Engineer Project 

manager 
.197 .263 .736 -.43 .83 

    Managerial 

& Survivor 
-.184 .351 .860 -1.03 .66 

  Managerial 

& Survivor 

Project 

manager 
.381 .312 .444 -.37 1.13 

    Engineer .184 .351 .860 -.66 1.03 

CNC2 Project 

manager 

Engineer 
-.249 .248 .577 -.84 .35 

    Managerial 

& Survivor 
-.048 .294 .986 -.75 .66 

  Engineer Project 

manager 
.249 .248 .577 -.35 .84 
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    Managerial 

& Survivor 
.202 .331 .816 -.59 .99 

  Managerial 

& Survivor 

Project 

manager 
.048 .294 .986 -.66 .75 

    Engineer -.202 .331 .816 -.99 .59 

CNC3 Project 

manager 

Engineer 
-.063 .264 .969 -.69 .57 

    Managerial 

& Survivor 
-.071 .313 .972 -.82 .68 

  Engineer Project 

manager 
.063 .264 .969 -.57 .69 

    Managerial 

& Survivor 
-.009 .352 1.000 -.85 .83 

  Managerial 

& Survivor 

Project 

manager 
.071 .313 .972 -.68 .82 

    Engineer .009 .352 1.000 -.83 .85 

CNC4 Project 

manager 

Engineer 
-.311 .287 .529 -1.00 .38 

    Managerial 

& Survivor 
-.048 .340 .989 -.86 .77 

  Engineer Project 

manager 
.311 .287 .529 -.38 1.00 

    Managerial 

& Survivor 
.263 .383 .772 -.65 1.18 

  Managerial 

& Survivor 

Project 

manager 
.048 .340 .989 -.77 .86 

    Engineer -.263 .383 .772 -1.18 .65 

CNC5 Project 

manager 

Engineer 
.219 .268 .693 -.42 0.86 

    Managerial 

& Survivor 
.750 .317 .054 -.01 1.51 

  Engineer Project 

manager 
-.219 .268 .693 -0.86 .42 
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    Managerial 

& Survivor 
.531 .357 .304 -0.32 1.39 

  Managerial 

& Survivor 

Project 

manager 
-.750 .317 .054 -1.51 .01 

    Engineer -.531 .357 .304 -1.39 0.32 

CNC6 Project 

manager 

Engineer 
.491 .240 .109 -.08 1.07 

    Managerial 

& Survivor 
.417 .284 .313 -.26 1.10 

  Engineer Project 

manager 
-.491 .240 .109 -1.07 .08 

    Managerial 

& Survivor 
-.075 .320 .971 -.84 .69 

  Managerial 

& Survivor 

Project 

manager 
-.417 .284 .313 -1.10 .26 

    Engineer .075 .320 .971 -.69 .84 

CNC7 Project 

manager 

Engineer 
-.105 .289 .930 -.80 .59 

    Managerial 

& Survivor 
.333 .342 .595 -.49 1.15 

  Engineer Project 

manager 
.105 .289 .930 -.59 .80 

    Managerial 

& Survivor 
.439 .385 .494 -0.48 1.36 

  Managerial 

& Survivor 

Project 

manager 
-.333 .342 .595 -1.15 .49 

    Engineer -.439 .385 .494 -1.36 0.48 

CNC8 Project 

manager 

Engineer 
-.330 .292 .500 -1.03 .37 

    Managerial 

& Survivor 
.214 .346 .810 -.61 1.04 

  Engineer Project 

manager 
.330 .292 .500 -.37 1.03 
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    Managerial 

& Survivor 
.544 .390 .349 -.39 1.48 

  Managerial 

& Survivor 

Project 

manager 
-.214 .346 .810 -1.04 .61 

    Engineer -.544 .390 .349 -1.48 .39 

CNC9 Project 

manager 

Engineer 
-.357 .285 .427 -1.04 .33 

    Managerial 

& Survivor 
-.274 .338 .698 -1.08 .54 

  Engineer Project 

manager 
.357 .285 .427 -.33 1.04 

    Managerial 

& Survivor 
.083 .381 .974 -.83 .99 

  Managerial 

& Survivor 

Project 

manager 
.274 .338 .698 -.54 1.08 

    Engineer -.083 .381 .974 -.99 .83 

CNC10 Project 

manager 

Engineer 
.091 .281 .943 -.58 .77 

    Managerial 

& Survivor 
-.202 .333 .816 -1.00 .60 

  Engineer Project 

manager 
-.091 .281 .943 -.77 .58 

    Managerial 

& Survivor 
-.294 .375 .715 -1.19 .60 

  Managerial 

& Survivor 

Project 

manager 
.202 .333 .816 -.60 1.00 

    Engineer .294 .375 .715 -.60 1.19 

CNC11 Project 

manager 

Engineer 
-.163 .268 .817 -.81 .48 

    Managerial 

& Survivor 
-.369 .318 .480 -1.13 .39 

  Engineer Project 

manager 
.163 .268 .817 -.48 .81 



N. Alsohiman                                          2017                               University of Liverpool  

 

 

470 

    Managerial 

& Survivor 
-.206 .358 .833 -1.06 .65 

  Managerial 

& Survivor 

Project 

manager 
.369 .318 .480 -.39 1.13 

    Engineer .206 .358 .833 -.65 1.06 

CNC12 Project 

manager 

Engineer 
-.149 .266 .842 -.79 .49 

    Managerial 

& Survivor 
-.417 .315 .388 -1.17 .34 

  Engineer Project 

manager 
.149 .266 .842 -.49 .79 

    Managerial 

& Survivor 
-.268 .355 .732 -1.12 .58 

  Managerial 

& Survivor 

Project 

manager 
.417 .315 .388 -.34 1.17 

    Engineer .268 .355 .732 -.58 1.12 

CNC13 Project 

manager 

Engineer 
-.221 .278 .708 -.89 .44 

    Managerial 

& Survivor 
-.321 .329 .593 -1.11 .47 

  Engineer Project 

manager 
.221 .278 .708 -.44 .89 

    Managerial 

& Survivor 
-.101 .370 .960 -0.99 .79 

  Managerial 

& Survivor 

Project 

manager 
.321 .329 .593 -.47 1.11 

    Engineer .101 .370 .960 -.79 0.99 

CNC14 Project 

manager 

Engineer 
-.738* .264 .018 -1.37 -.11 

    Managerial 

& Survivor 
-0.571 .312 .168 -1.32 .18 

  Engineer Project 

manager 
.738* .264 .018 .11 1.37 
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    Managerial 

& Survivor 
.167 .352 .884 -0.68 1.01 

  Managerial 

& Survivor 

Project 

manager 
0.571 .312 .168 -.18 1.32 

    Engineer -.167 .352 .884 -1.01 0.68 

CNC15 Project 

manager 

Engineer 
.045 .257 .983 -.57 .66 

    Managerial 

& Survivor 
-.262 .305 .668 -.99 0.47 

  Engineer Project 

manager 
-.045 .257 .983 -.66 .57 

    Managerial 

& Survivor 
-.307 .343 .646 -1.13 0.52 

  Managerial 

& Survivor 

Project 

manager 
.262 .305 .668 -0.47 .99 

    Engineer .307 .343 .646 -0.52 1.13 

CNC16 Project 

manager 

Engineer 
-.184 .291 .802 -.88 .51 

    Managerial 

& Survivor 
-.417 .344 .452 -1.24 .41 

  Engineer Project 

manager 
.184 .291 .802 -.51 .88 

    Managerial 

& Survivor 
-.232 .388 .821 -1.16 .70 

  Managerial 

& Survivor 

Project 

manager 
.417 .344 .452 -.41 1.24 

    Engineer .232 .388 .821 -.70 1.16 

CNC17 Project 

manager 

Engineer 
.033 .278 .992 -.63 .70 

    Managerial 

& Survivor 
.024 .329 .997 -0.76 .81 

  Engineer Project 

manager 
-.033 .278 .992 -.70 .63 
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    Managerial 

& Survivor 
-.009 .370 1.000 -0.90 .88 

  Managerial 

& Survivor 

Project 

manager 
-.024 .329 .997 -.81 0.76 

    Engineer .009 .370 1.000 -.88 0.90 

EC1 Project 

manager 

Engineer 
-.406 .276 .311 -1.07 .25 

    Managerial 

& Survivor 
.274 .327 .681 -.51 1.06 

  Engineer Project 

manager 
.406 .276 .311 -.25 1.07 

    Managerial 

& Survivor 
.680 .368 .162 -.20 1.56 

  Managerial 

& Survivor 

Project 

manager 
-.274 .327 .681 -1.06 .51 

    Engineer -.680 .368 .162 -1.56 .20 

EC2 Project 

manager 

Engineer 
-.227 .279 .697 -.90 .44 

    Managerial 

& Survivor 
.321 .331 .597 -.47 1.11 

  Engineer Project 

manager 
.227 .279 .697 -.44 .90 

    Managerial 

& Survivor 
.548 .373 .311 -.34 1.44 

  Managerial 

& Survivor 

Project 

manager 
-.321 .331 .597 -1.11 .47 

    Engineer -.548 .373 .311 -1.44 .34 

EC3 Project 

manager 

Engineer 
.040 .279 .989 -.63 .71 

    Managerial 

& Survivor 
-.464 .331 .344 -1.26 .33 

  Engineer Project 

manager 
-.040 .279 .989 -.71 .63 
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    Managerial 

& Survivor 
-.504 .373 .371 -1.40 .39 

  Managerial 

& Survivor 

Project 

manager 
.464 .331 .344 -.33 1.26 

    Engineer .504 .373 .371 -.39 1.40 

EC4 Project 

manager 

Engineer 
-.073 .260 .958 -.69 .55 

    Managerial 

& Survivor 
.024 .308 .997 -.71 .76 

  Engineer Project 

manager 
.073 .260 .958 -.55 .69 

    Managerial 

& Survivor 
.096 .347 .958 -0.73 .93 

  Managerial 

& Survivor 

Project 

manager 
-.024 .308 .997 -.76 .71 

    Engineer -.096 .347 .958 -.93 0.73 

EC5 Project 

manager 

Engineer 
-.064 .274 .971 -.72 .59 

    Managerial 

& Survivor 
-0.31 .325 .609 -1.09 .47 

  Engineer Project 

manager 
.064 .274 .971 -.59 .72 

    Managerial 

& Survivor 
-0.246 .366 .781 -1.12 .63 

  Managerial 

& Survivor 

Project 

manager 
0.31 .325 .609 -.47 1.09 

    Engineer 0.246 .366 .781 -.63 1.12 

EC6 Project 

manager 

Engineer 
.080 .258 .948 -.54 .70 

    Managerial 

& Survivor 
-0.679 .306 .075 -1.41 .05 

  Engineer Project 

manager 
-.080 .258 .948 -.70 .54 
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    Managerial 

& Survivor 
-0.759 .344 .078 -1.58 .07 

  Managerial 

& Survivor 

Project 

manager 
0.679 .306 .075 -.05 1.41 

    Engineer 0.759 .344 .078 -.07 1.58 

EC7 Project 

manager 

Engineer 
-.127 .272 .888 -.78 .52 

    Managerial 

& Survivor 
-.214 .322 .784 -.99 .56 

  Engineer Project 

manager 
.127 .272 .888 -.52 .78 

    Managerial 

& Survivor 
-.088 .363 .968 -.96 .78 

  Managerial 

& Survivor 

Project 

manager 
.214 .322 .784 -.56 .99 

    Engineer .088 .363 .968 -.78 .96 

EC8 Project 

manager 

Engineer 
-.417 .265 .264 -1.05 .22 

    Managerial 

& Survivor 
.131 .314 .909 -.62 .88 

  Engineer Project 

manager 
.417 .265 .264 -.22 1.05 

    Managerial 

& Survivor 
.548 .354 .274 -.30 1.40 

  Managerial 

& Survivor 

Project 

manager 
-.131 .314 .909 -.88 .62 

    Engineer -.548 .354 .274 -1.40 .30 

EC9 Project 

manager 

Engineer 
-.414 .290 .333 -1.11 .28 

    Managerial 

& Survivor 
-.821 .343 .050 -1.64 .00 

  Engineer Project 

manager 
.414 .290 .333 -.28 1.11 
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    Managerial 

& Survivor 
-.408 .387 .545 -1.33 .52 

  Managerial 

& Survivor 

Project 

manager 
.821 .343 .050 .00 1.64 

    Engineer .408 .387 .545 -.52 1.33 

EC10 Project 

manager 

Engineer 
-.415 .258 .250 -1.03 .20 

    Managerial 

& Survivor 
-.560 .306 .167 -1.29 .17 

  Engineer Project 

manager 
.415 .258 .250 -.20 1.03 

    Managerial 

& Survivor 
-.145 .344 .907 -.97 .68 

  Managerial 

& Survivor 

Project 

manager 
.560 .306 .167 -.17 1.29 

    Engineer .145 .344 .907 -.68 .97 

EC11 Project 

manager 

Engineer 
.016 .249 .998 -.58 .61 

    Managerial 

& Survivor 
-.155 .295 .860 -.86 .55 

  Engineer Project 

manager 
-.016 .249 .998 -.61 .58 

    Managerial 

& Survivor 
-.171 .333 .865 -.97 .63 

  Managerial 

& Survivor 

Project 

manager 
.155 .295 .860 -.55 .86 

    Engineer .171 .333 .865 -.63 .97 

EC12 Project 

manager 

Engineer 
.033 .288 .993 -.66 .72 

    Managerial 

& Survivor 
-.726 .341 .091 -1.54 .09 

  Engineer Project 

manager 
-.033 .288 .993 -.72 .66 
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    Managerial 

& Survivor 
-.759 .384 .126 -1.68 .16 

  Managerial 

& Survivor 

Project 

manager 
.726 .341 .091 -.09 1.54 

    Engineer .759 .384 .126 -.16 1.68 

* The mean difference is significant at the 0.05 level. 
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Appendix B: The questionnaire survey  
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The Questionnair Validation Form 

Dear Sir/Madam 

I am a PhD student, at the School of Engineering, University of Liverpool (UK). I am currently 

developing a questionnaire as part of my doctoral studies under the supervision of Dr. H. 

Boussabaine. 

The purpose of my survey is to identify the main sources, causes and impacts of variation in 

construction projects in KSA and to investigate the relationship between variation causes and 

their impacts on project success criteria of construction projects in KSA in order to develop a 

model for analysing the influence of variation on construction project outcomes in KSA for 

clients to use. 

Your advices and feedback will be highly appreciated and will support my research. 

I look forward to hearing from you at your convenient time. 

 

Yours Sincerely, 

Nawaf Alsohiman 

PhD Candidate 

School of Engineering 

The University of Liverpool 

Mobile: 07455173466 

E-mail: Nawaf@Liverpool.ac.uk   

The research is directed by: 

Dr. H Boussabaine 

School of Architecture, The University of Liverpool 

Tel: 0151 794 2619 - E-mail: halim@liv.ac.uk 
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The Questionnair Forms 

 

Dear Sir;                 
                                                                        
I am a PhD student at the University of Liverpool - United Kingdom, undertaking a research about “Modelling variation for improving the 

management of Construction Engineering Projects outcomes in the Kingdom of Saudi Arabia". 

 
The objectives of this questionnaire are; to rate the impact of variation causes on construction projects’ success criteria; Cost, Time, Quality and 

Scope. 

  
Strict confidence will be adopted in published results and all information about you and your organization will remain confidential. 
  
Please do not hesitate to get in touch if you have any queries about this research or any point you would like to know about. 

  
Time expected to fill the survey is 15-20 minutes                                 
  

Thank you for your cooperation.    

Contact details: 

Nawaf Alsohiman 

UK mobile +447455137466 

KSA what’s +966506223526     

E- mail : Alsohiman@hotmail.com     
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Participant information: 

Which project party you are belonging to?  

 □ Owner                  □ Consultant		                    □ Contractor                                      

Job title	  

□ Project manager                       □ Engineer/field monitor                  □ Survivor /Managerial                 

 

How many years of experience do you have?        

  □ 0-5 years    □ 6-10 years    □ 11-15 years                        □ More than 15 years 

 

Which sector do you belong to?           

 □ Public Sector   □ Private Sector   

Respondent details (Optional): 

Name: 

 

Organisation name: 

 

Email: 

 

Phone: 

Postal Address: 

 

(1 of 9) 
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First:  Causes of variation instigated by the owner (1 of 2): 
Could you rate the negative impact of variation causes on projects success criteria; Cost, Time, Quality and Scope according to their origin? 

 

(2 of 9) 

 Causes of variation instigated by the   

Owner  

 

 

Impacts    
Negative 

Impact on 

project cost    

 

Negative 

Impact on 

project time     

Negative Impact 

on project 

quality   

Negative Impact 

on project scope   

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

1. Inadequate planning led to change in project purpose and scope. 

 

                

2. Change of implementing schedule by owner   

 

                

3. Bureaucracy in prompt decision making process.                  

4. Obstinate nature of owner                     

5. Inadequate experience of owner's staff                                      

6. Lowest bidding procurement method                                   

7. Additional works added by owner                                            

8. Mode of financing and payment for completed work. 

 

                

9. Shortening in project period                                                                      
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First:  Causes of variation instigated by the owner (2 of 2): 
Could you rate the negative impact of variation causes on projects success criteria; Cost, Time, Quality and Scope according to their origin? 

 

(3 of 9) 

 Causes of variation instigated by the   

Owner  

 

 

Impacts   
Negative Impact 

on project cost    

 

Negative Impact 

on project time     

Negative Impact 

on project 

quality   

Negative Impact 

on project scope   

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

10. Obstacles in project’s site haven't been solved before starting the project                 

11. Long period between design and time of implementation’s start 

 

                

12. Managerial corruption                                                                                              

13. Inadequate penalty in the contractual documents towards contractor’s delay 

 

                

14. Political pressure to speed up construction processes 

 

                

15. Limitation of local construction codes                                                        

16. Rigidity of Public works contract                                                           

17. Absence of continuous supervision from top management     

 

                

18. Restrictions against foreign companies                                                  
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Second:  Causes of variation instigated by the consultant (1 of 2): 
Could you rate the negative impact of variation causes on projects success criteria; Cost, Time, Quality and Scope according to their origin? 

  

(4 of 9) 
 

 Causes of variation instigated by the   

consultant  
 

 

Impacts   
Negative Impact 

on project cost    

 

Negative Impact 

on project time     

Negative Impact 

on project 

quality   

Negative Impact 

on project scope   

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

1. Errors and omission in design                                                            

2. Lack of coordination among project parties 

 

                

3. Lack of consultant's knowledge of available materials and equipment 

          

                

4. Inaccurate estimation of implementation cost 

 

                

5. Absence of contractors’ involvement in design stage 

 

                

6. Conflict between design consultants and implementation consultants 

      

                

7. Insufficient working drawing details                                        

8. Acceleration of design phase’s time                                             
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Second:  Causes of variation instigated by the consultant (2 of 2): 
Could you rate the negative impact of variation causes on projects success criteria; Cost, Time, Quality and Scope according to their origin? 

 

(5 of 9) 

  Causes of variation instigated by the   

consultant  
 

 

Impacts   
Negative Impact 

on project cost    

 

Negative Impact 

on project time     

Negative Impact 

on project 

quality   

Negative Impact 

on project scope   

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate  

H
ig

h
 

9. Consultant’s lack of experience and specialist                  

10. Complexity in design                                                            

11. The objectives of the project are not well defined                  

12. Lack of previous similar projects' data                                      

13. Frequent change of consultant’s staff                                           

14. Safety consideration                  

15. Applying value engineering                                                                           

16. Restriction of local construction codes                                                    

17. Changing in some of the project ideas during design phase  
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Third:  Causes of variation instigated by the contractor (1 of 2): 
Could you rate the negative impact of variation causes on projects success criteria; Cost, Time, Quality and Scope according to their origin? 

(6 of 9) 

 Causes of variation instigated by the   

contractor  
 

 

Impacts   
Negative Impact 

on project cost    

 

Negative Impact 

on project time     

Negative Impact 

on project 

quality   

Negative Impact 

on project scope   

N
/A

  

L
o

w
  

M
o

d
erate

  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate

  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate

  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
erate

  

H
ig

h
 

1. Inadequate site investigation                                                             

2. Misunderstanding of tender documents and poor cost estimation for the table of 

quantities during bidding stage.  

 

                

3. Work suspensions due to conflicts                                                      

4. Lack of coordination between general contractors and subcontractors 

 

                

5. Contractor’s extreme desire of maximizing the profitability            

  

                

6. Lack of specialized construction manager                                  

7. Shortage of skilled manpower and efficient equipment 

 

                

8. Contractor's commitment to several projects at the same time with limited resources and 

potentials 

 

                



N. Alsohiman                                          2017                               University of Liverpool  

 

 

486 
 

Third:  Causes of variation instigated by the contractor (2 of 2): 
Could you rate the negative impact of variation causes on projects success criteria; Cost, Time, Quality and Scope according to their origin? 

 

(7 of 9) 

 Causes of variation instigated by the   

contractor  
 

 

Impacts   
Negative Impact 

on project cost    

 

Negative Impact 

on project time     

Negative Impact 

on project 

quality   

Negative Impact 

on project scope   

N
/A

  

L
o

w
  

M
o

d
e
rate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
e
rate  

H
ig

h
 

N
/A

  

L
o

w
  

M
o

d
e
rate  

H
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h
 

N
/A

  

L
o

w
  

M
o

d
e
rate  

H
ig

h
 

9. Contractor’s financial difficulties                                                                   

10. Neglecting risk management procedure.                                            

11. Fraudulent practices, kickbacks and corruption 

 

                

12. High machineries maintenance costs                                       

13. High interest rates charged by bankers on loans received by contractors 

 

                

14. Stealing and waste on site                                                                     

15. Fast track of construction processes.                                                   

16. Poor relationship between manager and labours                             

17. Difficulties in obtaining accreditation by contractor                         
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Fourth:  Causes of variation instigated by the external factors (1 of 1): 
Could you rate the negative impact of variation causes on projects success criteria; Cost, Time, Quality and Scope according to their origin? 

(8 of 9) 

 Causes of variation instigated by the   

external factors  
 

 

Impacts   
Negative Impact 

on project cost    

 

Negative Impact 

on project time     

Negative Impact 

on project 

quality   

Negative Impact 

on project scope   

N
/A

  

L
o

w
  

M
o

d
erate

  

H
ig

h
 

N
/A

  

L
o

w
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o

d
erate

  

H
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h
 

N
/A

  

L
o
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M
o

d
erate
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h
 

N
/A

  

L
o

w
  

M
o

d
erate

  

H
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h
 

1. Natural disasters                                                                                                 

2. Socio-cultural factors                                                                             

3. Political issues                                                                                                    

4. Unexpected ground conditions                                                           

5. Inflation                                                                                                                          

6. Fluctuation in prices of raw materials                                                  

7. Inadequate production of raw material in the country                 

8. Adverse effect of weather                                                                              

9. Change in government regulations                                                       

10. Unforeseen problems                                                                                      

11. Environmental considerations                                                                           

12. Pressure from Rights organizations                                                  
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Thank you very much                     
  
  
  

 
 
Any notes you would like to add (optional):          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(9 of 9) 
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Coding Variation Causes of the questionnaire survey  

Codes description of variation causes instigated by the Owner 

  

Code Causes of variation instigated by the Owner 

OC1.  Inadequate planning led to change in project purpose and scope. 

 

OC2.  Change of implementing schedule by owner   

 

OC3.  Bureaucracy in prompt decision making process. 

 

OC4.  Obstinate nature of owner      

OC5.  Inadequate experience of owner's staff                       

OC6.  Lowest bidding procurement method                  

OC7.  Additional works added by owner                            

OC8.  Mode of financing and payment for completed work. 

 

OC9.  Shortening in project period  

OC10.  Obstacles in project’s site haven't been solved before starting the project  

OC11.  Long period between design and time of implementation’s start 

OC12.  Managerial corruption                                                                        

OC13.  Inadequate penalty in the contractual documents towards contractor’s delay  

OC14.  Political pressure to speed up construction processes 

OC15.  Limitation of local construction codes  

OC16.  Rigidity of Public works contract                                     

OC17.  Absence of continuous supervision from top management     

OC18.  Restrictions against foreign companies                                  
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Codes description of variation causes instigated by the consultant 

 

Code Causes of variation instigated by the Consultant 

CC1  Errors and omission in design                                             

CC2  Lack of coordination among project parties 

 

CC3  Lack of consultant's knowledge of available materials and equipment 

 

CC4  Inaccurate estimation of implementation cost 

 

CC5  Absence of contractors’ involvement in design stage 

 

CC6  Conflict between design consultants and implementation consultants 

 

CC7  Insufficient working drawing details                         

CC8  Acceleration of design phase’s time                             

CC9  Consultant’s lack of experience and specialist 

CC10  Complexity in design                                                 

CC11  The objectives of the project are not well defined  

CC12  Lack of previous similar projects' data  

CC13  Frequent change of consultant’s staff  

CC14  Safety consideration  

CC15  Applying value engineering   

CC16  Restriction of local construction codes  

CC17  Changing some of the project ideas during design phase  
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Codes description of variation causes instigated by the contractor 

Code Causes of variation instigated by the Contractor 

CNC1.  Inadequate site investigation                            

CNC2.  Misunderstanding of tender documents and poor cost estimation for the table of 

quantities during bidding stage.  

CNC3.  Work suspensions due to conflicts               

CNC4.  Lack of coordination between general contractors and subcontractors 

CNC5.  Contractor’s extreme desire of maximizing the profitability               

CNC6.  Lack of specialized construction manager      

CNC7.  Shortage of skilled manpower and efficient equipment 

 

CNC8.  Contractor's commitment to several projects at the same time with limited resources 

and potentials 

 

CNC9.     Contractor’s financial difficulties                                                   

CNC10.  Neglecting risk management procedure.                            

CNC11.  Fraudulent practices, kickbacks and corruption 

CNC12.  High machinery maintenance costs            

CNC13.  High interest rates charged by bankers on loans received by contractors 

 

CNC14.  Stealing and waste on site                                       

CNC15.  Fast-tracking of construction processes.                   

CNC16.  Poor relationship between manager and workers           

   

CNC17.  Contractor experiencing difficulties in obtaining accreditation      
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Codes description of variation causes instigated by the External factors 

 

 

 

 

Code Causes of variation instigated by the External factors 

EC1.  Natural disasters                                                                            

EC2.  Socio-cultural factors                                                       

EC3.  Political issues                                                                                 

EC4.  Unexpected ground conditions                                       

EC5.  Inflation                                                                                                      

EC6.  Fluctuation in prices of raw materials                                 

EC7.  Inadequate production of raw material in the country 

 

EC8.  Adverse effect of weather                                                        

EC9.  Change in government regulations                                     

EC10.  Unforeseen problems                                                       

EC11.  Environmental considerations                                           

EC12.  Pressure from Rights organizations                   
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Appendix C: The case study data collection forms 
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This form is for data collection of some construction projects’ files in KSA 

 هذه االستمارة لجمع معلومات من بعض ملفات مشاريع التشييد بالسعودية

The purpose of this study is to analyise the cost of variation in construction projects 

    الهدف من هذه الدراسة هو تحليل تكلفة أوامر التغيير في مشاريع التشييد 

and its impacts on project’s success criteria 

 ومدى تأثيرها على معايير نجاح المشروع

----------------------------------------- 

1- Project information       معلومات عن المشروع : 

 

Project Name  اسم المشروع:                        

Type of project )..،نوع المشروع)مباني،اسفلت: 

Project No.رقم المشروع:   

Location موقع المشروع: 

Total unit amount: 

 إجمالي كمية الوحدة الرئيسية بالمشروع )مثال إذا كان مشروع مباني كم إجمالي األمتار المسطحة 

 بالمشروع( 

Cost and time variation in the project   متغيرات التكلفة والوقت في المشروع 

Estimated cost (S.R) 

التكلفة التقديرية )من جداول 

 الكميات(

Final cost (S.R) 

التكلفة النهائية )من المستخلص 

 الختامي(

Estimated 

duration(days) 

 المدة المقترحة للمشروع )يوم(

Actual duration(days) 

 المدة الفعلية للمشروع )يوم(

    

 

2- Rating the negative impact of variation causes according to their origin 

on the success of construction time of the project. 
 لمصدرها  طبقا بالوقت يتعلق فيما المشروع نجاح معايير على التغيير أوامر سبابأل السلبي التأثير مدى تقييم
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Causes of variation instigated by the 

Owner 

 

 أسباب أوامر التغيير الناتجة عن المالك

Negative Impact on 

project time 

 التأثير السلبي على الوقت
N

/A
ر     

ال يؤث
 

L
o

w
ض  

خف
 من

M
o
d

erate ط
س

 متو

H
ig

h
ي    

عال
 

1. Change of implementing schedule by owner 

 التغيير في جدول التنفيذ من قبل المالك

    

2. Bureaucracy in prompt decision making process. 

 البيروقراطية في عملية اتخاذ القرار على وجه السرعة 

    

3. Obstacles in project’s site haven't been solved before starting the project 

 عوائق في الموقع لم تحل قبل بدء المشروع                                                                    

    

4. Inadequate penalty in the contractual documents towards contractor’s delay 

 عدم كفاية غرامة التأخير المفروضة على المقاول والمنصوص عليها في وثائق العقد

    

5. Inadequate experience of owner's staff                          قلة الخبرة لدى طاقم المالك       

6. Lowest bidding procurement method                  طريقة التعاقد المبنية على اقل عطاء      

7. Additional works added by owner                           األعمال اإلضافية من قبل المالك       

8. Mode of financing and payment for completed work. 

 تأخر التمويل وصرف الدفعات لألعمال المنجزة

    

9. Shortening in project period                                                      قصر مدة المشروع      

10. Rigidity of Public works contract                                      جمود عقد األشغال العامة     

 

 

Causes of variation instigated by the 

consultant 

 

 أسباب أوامر التغيير الناتجة عن االستشاري

Negative Impact on 

project time 

 التأثير السلبي على الوقت

N
/A

ر     
ال يؤث

 

L
o

w
ض  

خف
 من

M
o
d

erate ط
س

 متو

H
ig

h
ي    

عال
 

1. Errors and omission in design                                        أخطاء وقصور في التصميم     

2. Lack of coordination among project parties 

 عدم وجود التنسيق بين األطراف المشاركة في المشروع

    

3. Inaccurate estimation of implementation cost            تقدير غير دقيق لتكاليف التنفيذ  

 

    

4. Absence of contractors’ involvement in design stage     
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 عدم إشراك المقاولين في مرحلة التصميم

5. Insufficient working drawing details                 تفاصيل الرسومات العملية غير كافية       

6. Consultant’s lack of experience and specialists 

 قلة خبرة االستشاري ونقص المتخصصين

    

7. Complexity in design                                                                    التعقيد بالتصميم     

8. The objectives of the project are not well defined   أهداف المشروع غير محددة جيدا

                                                                       

    

9. Lack of previous similar projects' data              عدم وجود بيانات مشاريع سابقة مماثلة

         

    

10. Frequent change of consultant’s staff                  التغيير المتكرر لموظفين االستشاري 

         

    

 

 

Causes of variation instigated by the 

contractor 

 

 أسباب أوامر التغيير الناتجة عن المقاول

Negative Impact on 

project time 

 التأثير السلبي على الوقت

N
/A

ر     
ال يؤث

 

L
o

w
ض  

خف
 من

M
o
d

erate ط
س

 متو

H
ig

h
ي    

عال
 

1. Inadequate site investigation                                      عدم التحقق من موقع المشروع      

2. Misunderstanding of tender documents and poor cost estimation for the table 

of quantities during bidding stage.  

 سوء فهم لوثائق المناقصة أدى إلى سوء تقدير التكاليف بجدول الكميات خالل مرحلة تقديم العطاءات

    

3. Work suspensions due to conflicts                               تعليق العمل بسبب االختالف        

4. Lack of coordination between general contractors and subcontractors 

 غياب التنسيق بين المقاول الرئيسي والمقاولين من الباطن

    

5. Lack of specialized construction manager               عدم وجود مدير تشييد متخصص     

6. Shortage of skilled manpower and efficient equipment 

 النقص في األيدي العاملة الماهرة والمعدات ذات الكفاءة  

    

7. Contractor's commitment to several projects at the same time with limited 

resources and potentials 

 التزام المقاول لعدة مشاريع في نفس الوقت مع محدودية الموارد واإلمكانات

    

8. Contractor’s financial difficulties                                    الصعوبات المالية للمقاول      

9. Neglecting risk management procedure.                    إهمال إجراءات إدارة المخاطر      

10. Poor relationship between manager and workers         سوء العالقة بين المدير

  والعمال
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Causes of variation instigated by the 

external factors 

 

 أسباب أوامر التغيير الناتجة عن العوامل الخارجية

Negative Impact on 

project time 

 التأثير السلبي على الوقت

N
/A

ر     
ال يؤث

 

L
o

w
ض  

خف
 من

M
o
d

erate ط
س

 متو

H
ig

h
ي    

عال
 

1. Natural disasters                                                                          الكوارث الطبيعية      

2. Socio-cultural factors                                                     العوامل االجتماعية والثقافية      

3. Political issues                                                                            األحداث السياسية      

4. Unexpected ground conditions                                     ظروف األرض الغير متوقعة      

5. Inadequate production of raw materials in the country 

 عدم كفاية إنتاج المواد الخام في البالد

    

6. Adverse effect of weather                                                     التأثير السلبي للطقس      

7. Change in government regulations                                تغيير في األنظمة الحكومية       

8. Unforeseen problems                                                            مشاكل غير متوقعة          

9. Environmental considerations                                                 االعتبارات البيئية     

10. Pressure from Rights organizations                            الضغط من المنظمات الحقوقية      
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Coding of variation causes for the case study Vrs the codes used in the questionnair 

Group Description of codes 
Variation causes codes 

used in the case study 

Corresponding Variation causes 

codes 

used in the questionnaire 

ca
u

se
s

 
re

la
te

d
-

O
w

n
er

 

Change of implementing schedule by owner OC2s OC2 

Bureaucracy in prompt decision making 

process. 
OC3s OC3 

Obstacles in project’s site haven't been 

solved before starting the project 
OC4s OC4 

Inadequate penalty in the contractual 

documents towards contractor’s delay 
OC13s OC13 

Inadequate experience of owner's staff OC5s OC5 

Lowest bidding procurement method OC6s OC6 

Additional works added by owner OC7s OC7 

Mode of financing and payment for 

completed work. 
OC8s OC8 

Shortening in project period OC9s OC9 

Rigidity of Public works contract OC16s OC16 
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ca
u

se
s

 
re

la
te

d
-

C
o
n

su
lt

a
n

t
 

Errors and omission in design CC1s CC1 

Lack of coordination among project parties CC2s CC2 

Inaccurate estimation of implementation cost CC4s CC4 

Absence of contractors’ involvement in 

design stage 
CC5s CC5 

Insufficient working drawing details CC7s CC7 

Consultant’s lack of experience and 

specialist 
CC9s CC9 

Complexity in design CC10s CC10 

The objectives of the project are not well 

defined 
CC11s CC11 

Lack of previous similar projects' data CC12s CC12 

Frequent change of consultant’s staff CC13s CC13 

r
el

a
te

d
-

C
o
n

tr
a
ct

o
r

 

ca
u

se
s

 
 

Inadequate site investigation CNC1s CNC1 

Misunderstanding of tender documents and 

poor cost estimation for the table of 

quantities during bidding stage. 

CNC2s CNC2 

Work suspensions due to conflicts CNC3s CNC3 

Lack of coordination between general 

contractors and subcontractors 
CNC4s CNC4 

Lack of specialized construction manager CNC6s CNC6 
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Shortage of skilled manpower and efficient 

equipment 
CNC7s CNC7 

Contractor's commitment to several projects 

at the same time with limited resources and 

potentials 

CNC8s CNC8 

Contractor’s financial difficulties CNC9s CNC9 

Neglecting risk management procedure. CNC10 CNC10 

Poor relationship between manager and 

workers 
CNC16s CNC16 

re
la

te
d

-
E

x
te

rn
a
l

 

ca
u

se
s

 
 

Natural disasters EC1s EC1 

Socio-cultural factors EC2s EC2 

Political issues EC3s EC3 

Unexpected ground conditions EC4s EC4 

Inadequate production of raw materials in the 

country 
EC7s EC7 

Adverse effect of weather EC8s EC8 

Change in government regulations EC9s EC9 

Unforeseen problems EC10s EC10 

Environmental considerations EC11s EC11 

Pressure from Rights organizations EC12s EC12 
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The raw data of the case study projects that were used to generate the propoed model 

Project No. surface(m2) e-cost (S.R) a-cost (S.R) e-duration(day) a-duration(day) 

Project 1 255 615309 676424 360 360 

Project 2 8000 13283326 14611658 720 666 

Project 3 5200 3951579 3847699 180 318 

Project 4 210 787065 787065 360 360 

Project 5 2400 2692247 2692247 360 885 

Project 6 900 1293681 1414892 360 360 

Project 7 840 1783421 1783421 240 513 

Project 8 160000 280000000 320000000 600 720 

Project 9 41472 72000000 85000000 540 750 

Project 10 6000 5000000 5400000 720 720 

Project 11 9194 12955000 14250000 420 540 

Project 12 3600 4995100 5480200 540 820 

Project 13 630 1234650 1309878 420 462 

Project 14 1411 3350454 3465667 540 618 

Project 15 7523 22643212 233500287 720 967 

Project 16 2500 12184160 12291378 720 900 

Project 17 3500 7873905 8503817 720 840 

Project 18 6500 30510563 31350440 720 1080 

 

  



N. Alsohiman                                          2017                               University of Liverpool  

 

 

505 

 

The raw data of the case study projects that were used to test the prposed model  

Project No. surface(m2) e-cost (S.R) a-cost (S.R) e-duration(day) a-duration(day) 

Project 1 17200 46954504 59475705 720 1175 

Project 2 5000 14480815 15446203 720 1085 

Project 3 1800 5904688 6691980 720 792 

Project 4 65000 198891613 212151054 911 1761 

Project 5 17000 45956450 55147740 720 1166 

 

 


