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Abstract 

 

The implementation of value management system (VMS), financial 

risk management system (FRMS) and environmental management system 

(EMS) is considered to be the best practice in project management, which 

enables construction companies to define clear objectives when delivering 

building projects while maximising value, avoiding financial risk, and reducing 

the negative impact on the natural environment. The current practices of VMS 

and FRMS need to be improved while considering the implementation of EMS, 

which is typically ignored in many medium-sized building projects. If these 

management systems are not well integrated, the project will face cost, quality 

and time overrun, thereby affecting its viability. In addition, the building industry 

is increasingly facing the challenge of reducing harmful impacts on the natural 

environment from construction activities under severe budget constraints to 

meet the government strategy 2025. Thus, this research focuses on Design 

and Build (D&B) procurement method as it is being used commonly in 

medium-sized building projects which formulated the major sector contributing 

to the GDP in the UK economy. 

Over the years, researchers and practitioners argued for the 

integration of VMS and RMS in a single management system to improve 

projects’ performance. While other studies urged for the integration of VMS 

and EMS in a single management system to deliver the same benefits. 

Fundamental similarities between these methodologies suggest that they are 

consistent with one another. Therefore, this doctoral study aims to develop a 

model of integrated value, financial risk, and environmental management 

system (IVREMS model) that could be applied in medium-sized building 

projects, predominantly delivered through a D&B procurement which is then 

empirically constructed and examined. The thesis determined 6 critical 

success factors (CSFs) to improve IVREMS which are value, financial risk, 

environment, human aspects, continuous improvement, and integration. After 

determining the CSFs, the thesis focused on how the integrated management 

system can be used to improve performance. For this purpose, a conceptual 
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model was developed, which consists of eight main-factors and 64 sub-factors 

for improving performance in D&B medium size building project. Using a 

mixed-method approach, qualitative and quantitative data were collected 

through semi-structured interviews and a questionnaire survey amongst 

industry practitioners in the UK.  

The overall perception was reinforced through expert interviews and 

the professional surveys developed as a result suggested that there is a 

significant relationship between the implementation of the new proposed 

integrated management system and the performance of D&B medium-sized 

building projects. The findings of this thesis will enable professionals involved 

in managing D&B building projects to be aware of the effect of the various 

components of the IVREMS model on the performance of their project to 

obtain better project outcomes and performance. The research, therefore, 

developed a systemic process map to enable the integration between VMS, 

FRMS, and EMS to occur, which requires the support and commitment of all 

project stakeholders. 
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Chapter 1. Introduction 

 

 

1.1. Introduction to Chapter 1 

This chapter presents the main components of this research by 

outlining its rationale, contribution to knowledge, aim and objectives, scope, 

and limitations, and to illustrate the structure of the thesis. Importantly, the 

research questions are formulated on the basis of the defined knowledge gap 

in order to be filled or construct a bridge as discussed in the research 

contribution section. In order to respond to the research questions, a set of 

objectives was identified and broken down into sub-objectives. The following 

section provides a comprehensive background to this research. 

1.2. Background 

According to the UK government construction strategy report in 2011, 

construction projects output in the UK generates more than £110 billion per 

annum and contributes to 7% of the GDP distributed into three main sub-

sectors: commercial and social (approximately 45%); residential 

(approximately 40%); and infrastructure (approximately 15%). Approximately, 

60% of construction output is new build, whilst 40% is refurbishment and 

maintenance. Building projects formulate around 60% of construction projects. 

In addition, the impact of medium-sized building projects on the natural 

environment is deemed to be the highest in terms of water use, carbon dioxide 

emissions, and resources utilisation. The common contractual type of use in 

medium size building is the Design and Build (D&B) method, which has a great 

benefit of an early participation of principal contractors at the pre-construction 

phase. Notably, at any construction project, making changes are easier and 

cheaper at the preconstruction phase than during the construction phase. 

Performance of building project can be improved by enhancing its cost, time, 

health and safety, and quality as well as reducing the negative impact on the 
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natural environment. Building projects could achieve maximum efficiency at 

minimum cost by adopting numerous management systems collectively rather 

than separately. The best practice of determining the management systems to 

be integrated is through evaluation of different systems’ activities and 

exploration of the synergies between their goals, objectives, benefits, process, 

standards, techniques, drives, and barriers. The effective process to integrate 

two or more management system is significantly affected by selecting the right 

integration strategy and integration methodology, and integration levels. 

Value Management System (VMS) and Risk Management System 

(RMS) have the greatest benefits if they are adopted at the earliest stage of a 

building project. Increasingly in the importance, the integration of VMS and 

RMS in building projects has been identified to help avoid duplication of work, 

achieve value for money, increase the satisfaction level of clients and end-

users, and more importantly, deliver better project performance. Many other 

studies argued that the integration of VMS and Environmental Management 

System (EMS) could achieve similar benefits. To date there is no 

comprehensive integration model to combine VMS, RMS, and EMS. This 

research, therefore, has developed an integrated value, financial risk, and 

environmental management system (IVREMS) in order to improve the 

performance of D&B medium size building project.  

1.3. Rationale for the Research  

There are several project management systems used in building 

projects. This research focuses on the use of VMS, RMS and EMS to improve 

the performance of D&B building projects in terms of quality, time, cost, health 

and safety, client’s stratification, and design clarity, and environment. It has 

been established that the most efficient and effective way to optimise or 

maximise the benefits of these systems is by integrating them and ensuring 

that they are implemented at the right stage of the project lifecycle. For 

instance, the integration of VMS and RMS has helped avoid duplication of 

work and deliver better value for money, leading to better deliverables in 

projects and a higher level of satisfaction of clients and end-users (Ranesh et 

al., 2012a). Furthermore, integrating VMS and EMS is known to create better 
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opportunities to minimise detrimental effect on the environment and enhance 

social and economic gains by recommending suitable and productive 

approaches via choosing sustainable materials and elements during design 

for construction (Bal et al., 2014). Some researchers have argued that the 

same sort of benefits could also be achieved by integrating VMS and EMS (Al-

Saleh and Taleb, 2010). Despite these numerous reported benefits of 

integration between a pair of the different management systems, to date, there 

is no comprehensive integration model that merges or combines all three 

(VMS, RMS, and EMS) into a single integrated project management system. 

Without exploiting this synergy, the individual systems will lose a profound part 

of their importance, as shown in Figure 1.1.  

 

 

Figure 1.1: The proposed interrelationship between VMS, FRMS and EMS 

(Researcher perception) 

This research therefore theorised that this integrated system would 

improve project performance. The lack of knowledge of how to integrate the 

VMS, RMS, and EMS into one system and the complexity of the situation 

considering the different nature of construction projects are identified as the 

main barriers (Dalling and Holt, 2012). The intricacy of the integration 

procedures typically misguides the stakeholders to think that the integration 

would add cost with less benefit, which leads to abandoning the attempt by 

practitioners to integrate the EMS with VMS and RMS as a single management 

system. Rajkovic et al., (2008) asserted that the lack of simplicity and clarity 

of integrated model was a barrier to adopt an integrated management system. 

To scope or simplify the initial attempt, the research chose to focus on D&B 

medium-sized projects because the Chartered Institute of Building (CIOB) has 
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identified it as the fastest growing procurement option for medium-sized 

projects. On RMS, the research would disregard Health and Safety (H&S) risk 

and narrow-down on financial risk management system (FRMS) only. Because 

the research focuses on the preconstruction stage, therefore FRMS was 

selected for its importance at this phase. The research study, therefore, has 

developed an integrated value, financial risk, and environmental management 

system (IVREMS) that improves project performance of D&B medium size 

building projects. 

1.4. Research Questions 

The main research question is to what extent could IVREMS affect the 

performance of D&B building medium size project in the UK construction 

industry? To answer this question, the following sub-questions need to be 

answered: 

1.1. What are the current practices of VMS, FRMS, EMS in the D&B medium 

size building projects in UK construction industry? 

1.2. How could VMS, FRMS, EMS be integrated into a single project 

management system? 

1.3. What are the factors that make the integrated management system 

between value, financial risk, and environmental effective?  

1.4. How could the D&B medium-sized building project performance be 

improved? 

1.5. Contribution to Knowledge 

By filling the significant gap in the theory of integrating value, financial 

risk and environmental management systems, this research contributions to 

knowledge by provide a basis for further theorising of the relationships of these 

systems and theoretical underpinning for integrating these systems and 

empirical testing of the resultant integrated system. Due to the large 

differences between projects depending on their size and sector, e.g., building 

construction, infrastructure (including urban utilities network, road and 

highways, transportation, etc.), services, facilities or production sectors, this 
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study has been limited to the building construction sector, as opposed to trying 

to provide a blanket solution for all sub-sectors in the construction industry, 

and is concentrating more specifically on medium size building projects in the 

UK. IVREMS has several benefits as follows: 

• The implementation of VMS, FRMS and EMS as part of a single 

practice, which can provide a better opportunity for implementing 

the best value for projects, thus save time and money. 

• The encouragement to consider environmental prosperity at the 

earliest stages of projects, which has the potential to have more 

sustainable projects complying with the current and future 

environmental directives, regulations, and policies. 

• The integration can help construct new projects that have the most 

advanced sustainable technology conforming to the highest 

profitability and satisfying the requirements of users and investors. 

• This will help the building construction sector develop a new 

understanding of what it takes to deliver more fit-for-purpose, 

more contemporary and more responsive built environment by 

fusing the integration of underlying philosophies of management 

systems; the systems which might be working at the moment with 

a very specific point of focus but are understood to be overlooking 

or underestimating many other elements and factors which are 

known to be instrumental in improving  project performance. 

• Enhancing the natural environmental impact which is vital for both 

academics and researchers and meeting the target of reducing 

the impact of building projects on the natural environment, which 

has   not been achieved yet as such impact is growing up 

continually. Therefore, IVREMS responds to the new government 

strategy (2050) into how to reduce the impact of construction 

activities on the natural environment.   
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1.6. Research Aim and Objectives 

The aim of this research is to improve the performance of D&B 

medium size building projects by integrating Value Management System 

(VMS), Financial Risk Management System (FRMS), and Environmental 

Management System (EMS) into one single management system. To achieve 

the research aim, a set of objectives and sub-objectives have been created as 

follows:  

1. To establish how project management systems, particularly VMS, 

FRMS and EMS, are implemented in D&B medium size building 

project.  

1.1. To identify the building project phases (lifecycle) for a D&B medium 

size project.  

1.2. To identify the process, techniques, benefits, and barriers of the VMS, 

FRMS, and EMS applications. 

1.3. To investigate the current practice of VMS, FRMS, and EMS in the 

D&B medium size project in the UK. 

1.4. To identify the most important phases for implementing VMS, FRMS, 

and EMS. 

2. To develop an integrated value, financial risk, and environmental 

management system (IVREMS) for D&B medium size building project. 

2.1. To investigate the management system integration procedures. 

2.2. To establish the similarities among the three management systems 

elements (process, objectives, and resources).  

2.3. To build a process-map for IVREMS. 

3. To determine the factors that could affect the effectiveness of 

IVREMS with reference to project performance. 

3.1. To determine the main factors that increase the effectiveness of the 

integrated system. 
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3.2. To determine which CSFs are used to measure each of the main 

factors that increase the effectiveness of IVREMS. 

3.3. To determine which CSFs are used to measure IVREMS. 

3.4. To establish the extent to which these main factors improve the 

effectiveness of the IVREMS. 

4. To establish the key indicators to measure the performance of D&B 

medium size building project. 

4.1. To determine which CSFs are used to measure the D&B project 

performance. 

4.2. To what extent do these CSFs influence the measure of the 

performance of D&B medium-sized building projects. 

5. To identify the relationship between the effectiveness of IVREMS and 

the performance of D&B medium-sized building projects. 

5.1. To establish the extent to which IVREMS improves the performance of 

D&B medium-sized building projects. 

6. To provide recommendations for adopting IVREMS in D&B medium-

sized building projects.  

1.7. Outline Research Methodology  

Table 1.1 presents the links between the main study components, 

research questions, research objectives and sub-objectives. In addition, the 

table illustrates the adopted data collection methods, and the analysis tools to 

achieve each of the sub-objectives.  

The research plan is divided into four phases. The first phase is the 

literature review, which is made up of three themes: provide an in-depth 

understanding of the value, financial risk, and environmental management 

practices in building projects; evaluate the integration strategies used by other 

research studies when they integrated other management systems; how 

would integration of management systems influence the performance of D&B 

medium sized building projects. A preliminary model of integrated value, 

financial risk and environmental is developed based on the collected data from 
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the literature. The knowledge gap is identified, and the data gathered is used 

to formulate questions for the generation of primary data.  

The second phase of this research is the primary data collection 

process in order to achieve the research objectives. The data collection 

process for this phase is a combination of semi-structured interviews, and a 

questionnaire. The process of the data collection initially involved the running 

of the semi-structured interviews, and after the results of the interviews were 

analyzed, the questionnaire is formulated. The semi-structured interviews 

focused on identifying the factors that make the integrated model effective 

while the questionnaire examined the relationships between the effectiveness 

of IVREMS and the performance of D&B medium-sized building projects. 

The use of semi-structured interviews addressed research questions 

1.3 – 1.4, thus complementing the data collected based on the literature 

review. The semi-structured interview is adopted over the other types of 

interviews as the researcher seeks to derive answers as to what and how 

things should be considered in order to ensure that the management systems 

applied in the D&B building projects are effective on one hand, and on the 

other how would the D&B building projects performance improve. The potential 

interviewees are experts in managing the D&B building projects in the UK 

construction industry. The researcher finds this method most suitable in 

collecting data as it helps in providing contemporary data on the current 

practices of the VMS, FRMS, EMS and measuring D&B building projects 

performance thus providing data that can help in achieving objective 3.1, 3.2, 

3.3, and 4.1 of the research. The interviews were conducted face‐to‐face at 

the participant's offices. Interviewees were provided with information in relation 

to the research prior to the interviews. Each participant was asked to read and 

sign the consent form at the beginning of the meeting. To ensure the accuracy 

of the data analysis, the interviews were audio‐recorded (with permission) and 

later transcribed for analysis. In the case of no consent for tape recording was 

granted, comprehensive written notes were taken during each interview. The 

interviews were undertaken between July and September 2019. The duration 

for each interview was between 45 and 60 minutes. 

  



9 
 

Table 1.1: Research Questions, Objectives, Data Collection Methods, and Data Analysis Tools  

Research Questions 

Research Objectives Research Sub-Objectives 
Data Collection 

Methods 
Data Analysis 

Tools 

1.1. What are the current practices of VM, FRM, EM in the D&B Medium Size projects in UK construction industry?  

1. To establish how project management systems, 
particularly VMS, RMS, and EMS, are 
implemented in D&B medium size building 
project.  
 

1.1. To identify the whole building projects phases (lifecycle) 
for a D&B medium size building project.  

 
1.2. To identify the processes, techniques, benefits, barriers 

of the VMS, FRMS, and EMS systems. 
 
1.3. To investigate the current practice of the VMS, FRMS, 

and EMS in D&B medium sized building projects in the 
UK. 

 
1.4. To identify the most important phases for implementing 

VMS, FRMS, and EMS. 
 

• Literature Review. 
 

 

• Literature Review. 
 

 

• Literature Review. 
 
 

• Literature Review. 
 

 

Content 
Analysis. 
 
Content 
Analysis. 
 
Content 
Analysis. 
 
Content 
Analysis. 
 

1.2. How could VM, FRM, EM be integrated into one single management system? 

2. To develop an IVREMS that can be used for 
D&B building projects. 

 

2.1. To investigate the integration methodologies among 
systems. 

 
2.2. Establish the similarities among the three management 

systems elements (processes, objectives, and resources).  
 
2.3. To build a process map of IVREMS. 

• Literature Review. 
 
 

• Literature Review. 
 

• Literature Review. 
 

Content 
Analysis. 
 
Content 
Analysis. 
 
Content 
Analysis. 
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Research Questions 

Research Objectives Research Sub-Objectives 
Data Collection 

Methods 
Data Analysis 

Tools 

1.3. What are the factors that make the integrated management system between value, financial risk, and environmental effective?  

3. To determines the factors that could affect the 
effectiveness of IVREMS towards project 
performance. 

 
 
 

3.1. To find out the factors that impact on the effectiveness of 
the integrated management system in D&B medium size 
building project. 

 
3.2. To determine which CSFs are used to measure each of the 

factors that impact on the effectiveness of IVREMS. 
 

3.3. To determine which CSFs are used to measure IVREMS. 
 
3.4. To what extent these factors influence the effectiveness of 

IVREMS. 

• Literature Review. 

• Interview.  
 
 

• Literature Review. 

• Interview. 
 

• Interview. 
 

• Questionnaire.  
 

Content 
Analysis/NVivo. 
 
 
Content 
Analysis/NVivo. 
 
NVivo. 
 
SPSS. 
 

1.4.  How could the D&B medium size building project performance be improved? 

4. To establish the key indicators to measure the 
project performance for D&B medium size 
building project. 

4.1. To determine the items/issues that are used to measure the 
D&B medium size project performance. 
 

4.2. To what extent do these items influence the measure of the 
D&B medium size building project performance  

 

• Interview. 
 
 

• Questionnaire.  
 

NVivo. 
 
 
SPSS. 
 

The Main Question: To what extent could IVREMS affect the performance of D&B medium size building project in the UK?  

5. To identify the relationship between the 
effectiveness of IVREMS and the performance 
of D&B medium size building project. 

 

5.1. To establish the extent of the IVREM will improve the 
performance of D&B medium size building project. 

• Questionnaire. SPSS. 

6. To make recommendation for adopting IVREMS 
in D&B medium size building project.  

 

 • Findings of O1, O2, 
O3, and O4. 
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The purpose of the questionnaire for this study was to address the 

research question 1.5. Based on the settings of the research area (building 

project performance), questionnaires are most appropriate to collect data and 

achieving objectives, 3.3, 4.2, and 5.1. Participants were requested to 

complete an online questionnaire on JISC website complying with University 

of Brighton Policy. The participants were asked to sign the consent section, 

which was at the first part of the questionnaire. The survey contains seven 

sections with a total of 35 questions. 

The third phase of the research is for analysing the data. And the final 

phase is to present the results and give recommendations.  

1.8. Research Scope and Limitations 

This study is limited to the building sector only, and not to 

infrastructure, manufacturing, and services sectors, because building sector 

responsible for third of the global greenhouse gas emissions and contributes 

to 40% of the world’s energy consumption. In addition, building industry also 

has the chances to use the available technology and knowledge to take the 

global lead in minimizing strategies at zero cost or net savings. (UNEP-SBCI, 

2009). Buildings directly use electricity for heating and refrigeration and, 

indirectly, for electric power in pumps and ventilation systems, appliances, 

office equipment, cooling, cooking and engines. For the final transformation 

from delivered electricity to usable energy service, the energy system in a 

building is needed and should be effective. The focuses on the Design and 

Build (D&B) medium-sized projects are because the Chartered Institute of 

Building (CIOB) has identified D&B as the fastest growing procurement option 

for medium-sized projects (CIOB, 2010). In RMS, the research disregarded 

health and safety risk and focused on financial risk only to remove any 

ambiguity and facilitate the integration process. Similarly, in EMS, the study 

disregarded the social and economic envelopes and concentrated only on the 

natural environmental envelope. 
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1.9. Thesis Outline 

The thesis is structured into nine chapters as follows. 

Chapter 1 provides a brief outline of the research and introduces the 

reader to the thesis. The rationale for the research is briefly discussed. 

Furthermore, the research aims, and objectives are addressed. It also states 

the research questions, and the research contribution to the knowledge as well 

as the outline of the thesis.  

Chapter 2 provides a review on the application of the various 

procurement methods in building projects and the concept of improving 

performance of construction projects. The concepts of VMS, FRMS, and EMS 

are discussed by explaining the trends and methodologies used in practices. 

Different VMS, FRMS and EMS techniques and tools are identified to find out 

which of these are in use with all the three management systems to be 

integrated. In addition, the processes that are followed in delivering VMS, 

FRMS and EMS studies are demonstrated. The benefits of conducting VMS, 

FRMS and EMS are also addressed. The barriers for the implementation of 

these methodologies are discussed. All the previous steps have helped to 

emphasize the importance of considering the application of VMS, FRMS and 

EMS to obtain their benefits. 

Chapter 3 outlines the sequence of processes used for integrating 

management systems and discusses the different elements of the integration. 

As at the moment there is no integrated system between VMS, RMS and EMS, 

the research will explore first the currently available integration system such 

as the one between Quality Management System (QMS), EMS and 

Occupational Health and Safety Management System (OHSMS) as an 

example of merging three management systems. It also discusses the 

previous studies on value-risk, and also value-environmental integration. It 

concludes with providing concepts paving the road for VMS, FRMS, and EMS 

integration.  

Chapter 4 presents a proposed theoretical model for the integration 

between VMS, FRMS, and EMS to improve D&B medium-size building 

projects in the UK. Therefore, an initial conceptual IVREMS model is 
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formulated based on the findings from the literature. The Critical Success 

Factors (CSFs) for each component of the model were defined including those 

for value management, financial risk management, environmental 

management, continuous improvement, and integration.  

Chapter 5 outlines the basis of research philosophy and briefly 

explains the four research paradigms. The strategies and approaches of 

quantitative, qualitative, and mixed methods are addressed. It discusses the 

data collection methods including interviews, and questionnaire. It outlines the 

types of the sampling methods. Furthermore, the chapter discusses the 

research methodology undertaken for this study and provides a summary of 

the research design. The chapter also explains the techniques used for 

analyzing the qualitative and quantitative data and for quality tests of the 

research process i.e., reliability and validity tests.  

Chapter 6 discusses the results of the interviews to identify the CSFs 

for each component of the proposed IVREMS model. In this chapter, the 

research hypotheses are also formulated based on the initial theoretical model 

developed in Chapter 4.   

Chapter 7 discusses the descriptive analysis of the respondents 

including the respondent’s roles, experience, and their respective organisation 

types. It also addresses the data screening (missing data and normality test) 

to ensure the collected data is clean before conducting any further analysis. It 

presents the results of Kruskal-Wallis test for variance analysis between the 

different participation groups on the proposed integrated value, financial risk 

and environment management system.    

Chapter 8 discusses the Exploratory Factor Analysis (EFA) of the 

independent variables and assesses the convergent and discriminant validity, 

as well as the reliability for IVREMS model, and tests and discusses all the 

research hypotheses. Baron and Kenny analysis technique was employed to 

test the mediation effects due to the obtained sample size of 104. 

Chapter 9 discusses the results of the analyses carried out in this 

study. It clarified the answers to all the research questions by achieving the 

research objectives. It also provides the process map for the integration of 
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value, risk and environmental management systems in D&B medium-sized 

building projects and provides critical recommendations for future studies. 
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Chapter 2. Management Systems and Project 

Performance in Medium Size Building Projects 

 

2.1. Introduction to Chapter 2 

This chapter begins by outlining the background literature on 

procurement methods widely used in building projects, and the selection of 

these methods depending on project sizes. Secondly, it discusses the most 

critical project management systems that could enhance a building project 

performance at the pre-construction stage. Therefore, the concept of building 

project performance is addressed. The identification of performance indicators 

shows how closely these indicators are related to VMS, RMS, and EMS 

implementations. Accordingly, the awareness and practice of the three 

individual methodologies were explored in separate sections, which include 

brief introductions, processes, and techniques. Furthermore, the benefits and 

barriers of the implementation of VMS, FRMS, and EMS were also 

investigated.  

2.2. Procurement Methods Commonly Used in Building Projects 

A procurement method organises the contractual relationship between 

the project’s parties such as clients, consultants, and contractors. In order to 

distinguish the various procurement methods available in building projects, 

practitioners adopted several strategies focused on how to handle the 

interaction between construction and design activities and also based on the 

financing operations (Morledge et al., 2006). Regarding the financial 

operations, there are several mechanisms in procuring a building project such 

as partnering, Public-Private Partnership (PPP), Public Finance Initiative 

(PFI), and Alliancing. In the same line, Clamp et al., (2007) suggested that the 

financing operations could be more accurately defined as an approach to 

procurement. Masterman (2002) demonstrated different procurement 

methods under four categories as follows: 
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I. Separated procurement route or fragmented, which includes 

conventional method (also known as the traditional method), where the 

main stages of construction project such as design and construction, 

are performed by different, and separate firms.  

II. Integrated procurement route (also known as a fully integrated route), 

which includes Design and Built (D&B), and Develop and Construct 

(D&C), where a single firm usually holds the responsibility for both 

design and construction activities. 

III. Management oriented procurement method (also known as a partial 

integrated route), which includes management contracting, 

construction management, and design and manage, where the 

construction project is carried out by appointing a principal contractor 

to manage the project at the pre-construction stage who is also 

responsible for selecting and appointing subcontractors in consultation 

with the clients. 

IV. Discretionary procurement method, which includes partnering, and 

alliancing. This method is implemented when two or more firms work 

together to enhance project outcomes, agree with joint goals, create a 

framework for conflict resolution, commit themselves to quality 

improvement, monitor success, and share profit. 

The following two sections below discuss the two common procurement 

methods used in the UK building projects according to the result of a survey 

conducted by the Chartered Institute of Building (CIOB) in 2010, which are the 

traditional and D&B methods, and a comparison between them is presented 

in the third section. 

2.2.1. Traditional Procurement Method 

The traditional method (or design-bid-build) is one of the most 

common routes that is usually employed to procure building projects. First, the 

client appoints a consultant to prepare all the documentations for the biding 

stage such as drawings, specifications, work plans, bill of quantities, and 

tenders. Contractors are then called to the tender stage often on a competitive 
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basis. In this method, the contractor has no responsibility towards 

specifications. In general, the client recruits a designer at the construction 

phase to assess in the continuous improvements of the design and to check 

and monitor the work. To administer the contract, a consultant who is usually 

an architect, is appointed (Preece and Tarawnah, 1997).  

This contractual method is suitable for both experienced and 

inexperienced clients. Furthermore, this method has a clear advantage in 

completing the development of the design prior to the biding stage, which gives 

clients certainty in quality and costs. In addition, this method could offer a 

cheaper contracting strategy option for a construction firm because the 

contractor holds the financial risks responsibility for the construction activities. 

On the contrary, it could be slower than the other forms of contractual 

arrangement because the contractor is appointed after the completion of the 

design process thus the buildability cannot be improved afterwards. In 

addition, if there is any problem in the design at the tender stage, and 

substantial variation orders will be occurred after the appointment of a 

contractor, then the clients could be subject to tremendous costs. Therefore, 

the traditional approach may be adversarial because of the separation 

between the design and construction (Ling and Chong, 2005). 

2.2.2. Design and Build Procurement Method  

The D&B method is one of the government's three publicly funded 

procurement methods, because the project can be cooperated by a fully 

integrated team from the start. Client enters into a single contract with D&B 

contractor to perform the full design and construction service (Ling and Chong, 

2005). A principal contractor is selected by the client for designing and 

constructing a project, which gives contractors a single responsibility for 

delivering the whole project from the start to the end. The principal contractor 

can be either responsible for the design from the beginning or after appointing 

a separate design consultant to complete the design. The D&B method could 

be given at a fixed price, thus ensuring that the cost stability will not change 

afterwards since they can be costly because the costs paid by the contractor 

will not be altered for any changes. Therefore, it is very important for clients to 
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take care of the contractors’ requirements and to hire independent project 

consultants if the contractors have not appointed their own design team (Chan 

et al., 2005). 

Mohamad and Coffey (2010) concluded that the early involvement of 

contractors in value management studies, which is usually conducted in the 

design stage, could contribute to solve several potential problems. Song et al., 

(2009) presented several advantages for the early involvement of contractors 

in the pre-construction stage. One main benefit was a production of clearer 

and better design that reflects positively on the cost and time of the project. 

Furthermore, contractors have high experiences in construction activities due 

to their in-depth practices of work methods, and because of their single 

responsibility towards the construction activities that have a direct influence on 

the overall project performance. In the same line, the lack of expertise of 

contractors may lead to the overemphasis on building drawings and the lack 

of proper review of construction activities (Bowen et al., 2009). In contrast, 

there was a concern about the early involvement of contractors in design 

because it could generate an undesirable and forgettable final design, 

because designers' creativity could be restricted and limited by the 

involvement of contractors (Chan et al., 2005). The inevitable conflict between 

principal contractors and designers must be controlled to avoid its negative 

impact on the final project therefore Ling and Chong (2005) pointed out several 

recommendations as follows; the contractors in D&B projects should be able 

to tackle all design and construction practical issues, share common project 

goals, increase project management capability and the design management 

expertise, sort out any conflicts between the project team, and maximise the 

level of collaboration.  

2.2.3. Comparison between Traditional and D&B Procurement 

Methods 

  The D&B method has several benefits over the conventional method. 

The first main advantage is shortening the project lead time since the fast-

track system between overlapping and concurrent works take place. For 

example, at the pre-construction stage, the appointment of the principal 
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contractor helps to minimise the mobilisation stage period and the construction 

activities start earlier than in the traditional method (Adnan et al., 2012), as 

shown in Figure 2.1. A second benefit was the single responsibility, where the 

principal contractor holds the full responsibility for the entire D&B project. In 

the contrary, in the traditional method, client selects design consultant to 

produce project design and specifications and allocate all responsibilities for 

controlling the design before a principal contractor is appointed. The contractor 

creatively creates a proposal with an intention of winning a tender at a 

reasonable cost and a single lump-sum price offer for the whole works are 

believed to ensure the design flexibility (Adnan et al., (2012). The underlying 

shortcomings of the single conventional procurement strategy have led to the 

use of the D&B method intensively (Dainty and Moore, 2000). Furthermore, 

Bourn (2001) outlined several types of procurements that relate to the 

integration of the project teams such as partnering, D&B, PPP, and PFI, and 

concluded that the integrated procurement approach was implemented in a 

number of building projects and had led to project success. 

 

Figure 2.1: Traditional method vs D&B method 

Based on the superiority of the D&B method as discussed above, this 

fully integrated approach could be emphasised as a solution for improving the 

performance of building projects.  Furthermore, Bourn (2001) outlined several 

types of procurements in relate to integrate the project teams such as 
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partnering, D&B, PPP, and PFI, and concluded that integrated procurement 

approach was implemented in a number of building projects and had led to 

project success. 

 

Figure 2.2: Risk allocation in the procurement methods (APUC, Guide to Procuring 

Construction Projects, 2011) 

The ubiquitous and intensive use of the D&B method as discussed 

above, suggests a general tendency to merge and integrate activities, such 

those of the design and build, in order to improve efficiency and performance 

among the many other aforementioned benefits. Similarly, this indicates that 

the proposed fully integrated approach could be a solution for improving the 

performance of building projects, which should be verified, as it merges and 

simplifies the integrated activities. The suggestion made by Bygstad et al., 

(2010) in achieving optimised level of integration was by embedding 

technology and stakeholders’ participations for a successful delivery of D&B 

projects.  In recent study achieved by Isatto et al., (2015), implicitly reinforced 

the importance of conducting D&B to deliver a successful building project by 

suggestions for key actions, and not just the involvement of the principal 

contractors, but also experienced contractors in the design and contract 

aspects at an early stage at the strategic level. 

The numerous differences between D&B and traditional methods 

shown in Table 2.1 emphasis the superiority of D&B in terms of enhancing 

each of cost, time, risk, value, control, and communication. It seems that the 

selection of D&B method in building project could provide a comprehensive 
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approach for assessing and finding solutions throughout a specific systematic 

strategy. 

Table 2.1: Comparison between D&B vs Traditional (Oktra website) 

 

2.3. Project Performance of D&B Medium-Sized Building Projects 

Construction projects in the UK amounts to more than £110 billion a 

year, contributing 7% to the GDP (Government Construction Strategy, 2011). 

There are three main sectors: commercial and social (about 45%); residential 

(about 40%); and infrastructure (about 15 per cent). Approximately 60% of the 

sector is formed by new build construction, while 40% is refurbishment and 

maintenance (Government Construction Strategy, 2011). CIOB (2010) 

classified project sizes into three levels based on its cost. First, small size 

when the project cost is less than £5 million, the medium-sized ranged 

between £5 million and £50 million, whereas the large projects are above £50 

million. The report showed that in small-sized projects, the traditional 

procurement method is the most efficient and suitable method, whereas in 

medium-sized building projects, the D&B procurement method is often 

selected (CIOB, 2010) as shown in Figure 2.3. A survey conducted by Gidado 

and Arshi (2004) showed the quality of projects was improved in D&B project 

compared to others where a conventional method was used.  

 Traditional Design & Build 

Cost 
Costs initially unknown & 

certainty achieved later. 

Cost fixed from initial design 

phase. 

Time 
Design and build are sequential 

resulting in longer schedules 

Construction can overlap design 

completion reducing schedule 

Risk 
Client retains the risk of 

consultant /contractor  

Diminished risk and liability with 

single, unified team. 

Value 
Value engineering occurs when 

contractor awarded. 

Value engineering occurs at the 

start of project. 

Control 
Client retains control over 

design and construction. 

Requires less client expertise 

and resources. 

Communication 
Client acts as arbiter for the 

design and construction issues  

Single point of contact 

throughout project 
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Figure 2.3: The most common procurement method in medium-sized building 

projects (CIOB, 2010) 

2.4. Project Management Systems that Could Improve the 

Performance of D&B Medium-Sized Building Projects 

In construction industry, there are many management systems and 

each of them has its goals, objectives, process, standards, and techniques. 

These management systems are implemented in different stages during the 

lifecycle of any construction project. The project lifecycle is divided into two 

main phases: preconstruction and construction. The whole documents of a 

building project are created in the preconstruction phase. Changes in 

documents at this phase are easier and much cheaper than any changes 

required in the constructions phase (Value Engineering Handbook, 2000), as 

shown in Figure 2.6. Previous studies emphasised that importance of 

conducting VMS at a very early stage to produce flexible and clear design and 

specifications (Dell'Isola, 1997). Meanwhile, a steam of studies casted the 

importance of applying RMS throughout the VMS workshops [Abd-Karim et 

al., (2011); Chang and Liou (2005); Haghnegahdar and Asgharizadeh (2008); 

Hiley and Paliokostas (2001), Kirk (1995); Mootanah et al., (1998); Othman 

(2005); and Ranesh et al., (2012a)]. The financial risk management (FRMS) 

is closely linked to value studies. In the same line, EMS, when considered at 

the preconstruction phase, is a key for reducing the environmental impact of  
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Table 2.2: Studies in VMS, RMS, and EMS     

Paper Authors Year Location 

Training of Nigerian Quantity surveyors 
for value management practice 

Oke and Ogunsemi 2012 Nigeria 

Aim/Objective Research Methods 

The paper cross-examined the training of Nigerian quantity surveyors and the requirement 
for value management with a view to ascertaining the preparedness of quantity surveyors 
for the challenge of value management. 

The data was gathered from the academic curricula of 
Nigerian higher education institutions through the prospectus 
and website of the institution. 

Findings Future Works 

The study showed that value management was well-integrated into quantity surveying 
curriculum at Nigerian higher education institutions, and most of the training needs for 
value managers were met. Based on their training, Nigerian quantity surveyors have the 
potential to fully participate in value management activities and contribute their expected 
quota. 

The study recommended a need for Nigerian Institute of 
Quantity Surveyors (NIQS) to include value management as 
one of the courses in their professional examinations. 

Value Management Practice by South 
African Quantity Survey 

Bowen, Cattell, Edwards, and Jay  2010 South African  

Aim/Objective Research Methods 

The purpose of paper was to investigate into the nature and scope of value management 
by professional quantity surveyors in South Africa. The survey investigates practitioners' 
awareness and knowledge of value management, as well as the nature and extent of their 
organisations' adoption of value management techniques. 

A web-based, online questionnaire survey was employed to 
establish value management practice by South African 
registered quantity surveyors. Descriptive statistics was used 
to analyse the survey response data. 
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Paper Authors Year Location 

Findings Future Works 

The results suggested that, while quantity surveyors in South Africa were aware of value 
management (and its antecedent, value engineering), it is not commonly performed. Value 
management is mostly viewed as a cost-cutting tool. If quantity surveyors in South Africa 
want to provide clients with services that reach world-best practise standards, they must 
correct this misconception and raise awareness of the potential benefits of value 
management. Quantity surveyors should be aware of these standards. 

Refresher courses in contemporary value management 
theory and practice were recommended, as well as 
exploration of the impacts on value management of other 
techniques such as risk, quality and environmental 
management. 

Value Engineering application benefits 
in Sustainable Construction 

Al-Yousefi 2010 Saudi Aribia  

Aim/Objective Research Methods 

This paper developed a conceptual synergy between VE and Sustainable Construction 
(SC) that leads to achieving best value over the life span of a project. It demonstrated the 
linkage within the SAVE International Standard VE Job Plan tools and techniques for better 
planning for SC during early stages of a project. 

Reviewing the previous studies. 

Findings Future Works 

VE can be used as a "quick response" study or as a thoroughly integrated component of 
an organization's general objective to encourage innovation and enhance quality. 
Sustainability analyses could benefit from the use of VE methodology and tools. 
Furthermore, VE is a component of Total Quality Management (TQM), as well as quality 
assurance and control systems. VE enables the team to regulate their thinking so that they 
may make the greatest use of their expertise and experience to produce new ideas for 
performing tasks and proposing alternatives. 

This study proposed integration between VE, and SC may 
encourage others to explore this relatively untapped subject 
due to a lack of research and development of both concepts. 
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Paper Authors Year Location 

Integration of Risk Management and 
Value Management – An Australian 
Case Study 

Ranesh, Bushell, and Chileshe  2012 Australia  

Aim/Objective Research Methods 

The goal of the study was to determine the potential benefits of integrating RM and VM in a 
single study process, as well as the critical success factors (CSF) associated with the 
successful implementation of an Integrated Risk and Value Management (IRVM) 
methodology. 

This paper investigated a case study on the application of an 
integrated risk and value management study at the early 
stages of project development, where the work was 
conducted in accordance with, and reflects the standards of, 
Value Management AS 4183:2007 and Risk Management 
AS/NZ 4360:2004, as a means of identifying the approaches 
used in combining the two processes. 

Findings Future Works 

Research results are drawn using qualitative methods from data collected through 
literature reviews, case study and semi-structured in-depth interviews with the workshop 
facilitator. It is identified that the client is satisfied with the outcome of the integrated 
workshops. 

The findings suggested that the developed approach would 
assist clients in utilising resources and multidisciplinary teams 
more effectively while reducing the cost of conducting the 
workshops. 

Application of Value Engineering in 
Construction Projects 

Atabay and Galipogullari 2013 Turkey  

Aim/Objective Research Methods 

The paper aimed to understand how the principles of value engineering were applied in 
construction project.  

Investigated a case study (Bregana-Zagreb-Dubrovnik 
Motorway construction in Croatia). 
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Paper Authors Year Location 

Findings Future Works 

Value engineering principles are used by the VE team during the project preparation and 
review stages to produce satisfactory results in terms of time and cost savings. All of these 
VE projects saved approximately 43,000,000 usd and 12 months of time in total. This 
saving resulted in a 6% financial savings and a 17% reduction in labour time for the 
construction company. 

n/a. 

Developing an integrated risk and value 
management framework for 
construction project management. 

Mootanah 1998 United Kingdom  

Aim/Objective Research Methods 

This paper demonstrated how risk and value management methodologies can be 
interfaced both theoretically and in practice and proposed a framework for integrated value 
and risk management within construction project management.  

The review of the evolution of value and risk management 
frameworks was carried out to situate the theoretical context 
and to explain the basis for developing the integrated 
framework.  

Findings Future Works 

A tentative integrated framework was established from the concepts and variables 
identified from the review of literature and existing practices. 

The theoretical and practical perspectives of risk and value 
management interface presented in this paper certainly 
provided further avenues for project management 
researchers and practitioners to explore. 

Value Management and Risk 
Management: An examination of the 
potential for their integration and 
acceptance as a combined 

Hiley and Paliokostas 2001 United Kingdom  
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Paper Authors Year Location 

management tool in the UK 
Construction Industry. 

Aim/Objective Research Methods 

This paper examined the potential for their integration and the benefits which could accrue 
through the use of such a combined tool. 

A review of the literature on VM and RM and the concepts 
underlying their use was related to a study which reports on 
the perceptions of value managers concerning their 
integration. 

Findings Future Works 

The research evidence supports the conclusion that there is the potential for the integration 
of VM and RM and that the advantages of integration outweigh any disadvantages. The 
study also shows that their integration could assist VM and RM in achieving increased 
recognition in the construction industry. 

The most significant disadvantage was found to be that these 
disciplines are thought by some practitioners to require a 
different mindset, and therefore it could be argued that the 
introduction of RM could stifle VM. However, the respondents 
were in accord that the consequence of promoting the 
integration of RM and VM could result in a powerful 
management tool and increase their application within the 
construction industry. 

Implementation of Risk Management in 
the Malaysian Construction Industry 

Siang and Ali 2012 Malaysia  

Aim/Objective Research Methods 

This article focuses on the implementation of risk management in Malaysian construction 
industry and attempt to establish the relationship between risk management and project 
performance 

The data were obtained from desk works, followed by semi-
structured interviews involved risk management personnel 
from 3 selected local construction companies. 
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Paper Authors Year Location 

Findings Future Works 

Findings concluded that risk management practices in Malaysian construction companies 
were relatively low and lack of standardisation. However, there were little evidence shows 
that project performance improved by implementing risk management exercise. 

n/a. 

Value and risk management protocol for 
dynamic brief development in 
construction 

Othman  2005 United Arab Emirates  

Aim/Objective Research Methods 

The paper aimed to set the rules and establish the grounds that manage and control 
dynamic brief development and presents an innovative decision-making tool to enable 
clients and construction professionals reach an appropriate brief development decision. 

The protocol was tested on a number of real case studies in 
Abu Dhabi, the capital of the United Arab Emirates, to see 
how the VRMP would be used in controlling dynamic brief 
development (UAE). These case studies were from various 
stages of a project's life cycle. 

Findings Future Works 

The Value and Risk Management Protocol combines Value Management and Risk 
Management since allowing brief development across the project life cycle can bring value, 
risk, or both to the project. The procedure was broken down into four steps: identifying the 
problem, defining objectives, evaluating possible solutions, and deciding on a development 
strategy. At various phases, the methodology was used on real-life case studies. The 
presentation included a case study that was still in the design stage.  

n/a. 
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Paper Authors Year Location 

Implementation of environmental 
management in the Hong Kong 
construction industry 

Shen and Tam 2002 Hong Kong 

Aim/Objective Research Methods 

This study provided a profile of environmental management in Hong Kong construction by 
identifying what contractors in Hong Kong consider to be the benefits of and barriers to the 
practice. The appropriateness of measures for mitigating the barrier effects was 
investigated. 

The data used for this study were from a recent survey of the 
Hong Kong construction industry. The survey was undertaken 
by sending 382 questionnaires to construction professionals, 
including 359 contractors and 23 project management 
consultants. Seventy-seven completed questionnaires were 
returned but five were not properly completed, thus only 72 
were used for analysis. 

Findings Future Works 

The study provided empirical evidence of the benefits of and barriers to the process of 
increasing the implementation of environmental management among contractors in Hong 
Kong. It should help contractors to adjust their environmental management policy by 
efficient resources allocation within their companies. 

n/a. 

Environmental Management Systems 
and ISO 14001 Certification for 
Construction Firms 

Christini, Fetsko, and Hendrickson 2004 Hong Kong 

Aim/Objective Research Methods 
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Paper Authors Year Location 

This paper discussed the elements of environmental management system, the relationship 
to the ISO 14001 standard, and the importance for construction companies to implement 
an environmental management system.  

A case study of a certified environmental management 
system for a construction company was used.  

Findings Future Works 

The paper concluded that construction companies should begin to work towards 
implementing more complete environmental management systems, although fully certified 
systems were not essential. 

The ideas of environmental management may spread to 
other companies. Moving towards more complete EMSs in 
individual companies is likely to be a good strategy, even if 
ISO 14001 certification was not obtained. 

Environmental Management in SMEs in 
the UK: Practices, Pressures and 
Perceived Benefits 

Brammer, Hoejmose and Marchant 2011 United Kingdom  

Aim/Objective Research Methods 

The paper analysed the extent of SME involvement in a wide range of environmental 
management practices and the differences between small and medium‐sized businesses. 
Also, explored SME perceptions of pressures for, and benefits of, engagement with 
environmental issues. 

A database of the population of UK public and private limited 
companies was obtained using the Bureau van Dijk’s Fame. 
The study identified the universe of companies having fewer 
than 250 employees in the industry sectors we targeted. 
Subsequently, the study sought to identify willing 
respondents, by approaching companies by email and by 
letter. Where a willing and suitable respondent was identified, 
the authors provided them with a link to an online survey. The 
original sampling universe of 989 companies, the authors 
received a total of 110 responses in two months. 

Findings Future Works 
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The findings showed that most small businesses were engaged in some environmental 
initiatives but that there was significant heterogeneity in the engagement of small and 
medium‐sized businesses. Consistent with this, the study showed that the smallest 
companies perceive significantly fewer benefits of engagement with environmental issues. 
The lack of financial resources, managers’ values and knowledge were few of the most 
likely causes for small businesses reactive and compliance approaches to environmental 
management. There were thus significant challenges to the implementation of 
environmental practices within small companies. 

n/a 

Potential benefits of developing and 
implementing environmental and 
sustainability rating systems: Making 
the case for the need of diversification 

Poveda and Young 2015 Canada  

Aim/Objective Research Methods 

The paper explored the potential benefits of implementing environmental and sustainability 
rating systems (ESRS) in industrial sectors other than the building industry. 

Reviewing previous studies. 

Findings Future Works 

The paper outlined potential benefits that these industries could realise in choosing to use 
such tools for the assessment of sustainability performance. Existing ESRS mainly for the 
use of the building industry were continuously evolving in order to adapt to projects and 
organisations’ objectives for sustainability while meeting internal and external stakeholders’ 
needs. 

By highlighting the positive reasons for adopting ESRS, the 
study hoped to encourage and challenge organisations and 
industries (i.e., practitioners) to do so with the support of the 
scientific community and engagement and participation of 
stakeholders for the development of criteria selection and 
weighting tools.  
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the building project on the natural environment [Abidin and Pasquire 

(2007); Al-Saleh and Taleb (2010); and Al-Yami and Price (2005)], which is 

less considered in medium size building projects, as discussed in detail in 

section 2.3.3. Table 2.3 shows that studies that focused on integration 

between multiple management systems, notably between value and risk, 

emphasised the importance of implementing each system as a first step 

toward strengthening the justification for developing a unified system. As this 

study focuses on VMS, FRMS, and EMS, the benefits of each are discussed 

separately in section (2.4.1.3), (2.4.2.3), and (2.4.3.3). Furthermore, some of 

the above-mentioned studies that focused on developing an integrated 

framework selected previous research in their data collection methods to 

establish the first perception of targeted integration. The research therefore 

built the initial integrated framework between VMS, FRMS, and EMS based 

on what was found in the literature and in response to Bowen et al, (2010) who 

recommended investigating the relationships between VM and other systems 

such as RM and EM, which is what this research aimed to do.  

Considering the EMS is conjectured to effectively enhance the project 

performance on the long run, but a systematic study is needed to assess this 

hypothesis along with the EMS concurrent impact on VMS and FRMS. 

Therefore, this research focuses on integrating VMS, FRMS, and EMS on the 

basis of their importance at the preconstruction phase in improving the D&B 

medium size projects. The following sections discuss the process, techniques, 

and benefits for each of VMS, RMS, and EMS, respectively. 

2.4.1. Value Management System  

Defining value will help understand the term of value management. 

Two definitions were given for value in Oxford English Dictionary (2005); firstly, 

as a verb, “estimate the monetary worth of”, and the second as a noun, “the 

regard that something is held to deserve; the importance, worth, or usefulness 

of something”. Therefore, it can be extrapolated from the above definitions that 

value is an assessment of something from the point of view of a person or a 

group. This means that the human judgement forms value of something based 
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on views, cultures, and backgrounds of the assessors. Value in construction 

industry was defined by (Kelly et al., 2004) as a relationship between cost, 

time and elements that determine the quality that the client expects from the 

completed project. VMS focuses on value rather than cost and seeks to 

achieve an optimal balance between time, cost and quality as it provides a 

method of integration in the building process that no other management 

structure in construction can provide (Kelly et al., 2002). VMS is a style of 

management dedicated to guiding people and promoting innovation with the 

aim to improve overall project performance (Institute of Value Management, 

2002). VMS can be also defined as team oriented, systematic and structured 

process that is used to provide analysis in accordance with the functional 

requirements and objectives of the projects in order to achieve value for money 

by delivering necessary functions at the least cost (Shen and Liu, 2003). 

Furthermore, Male et al. (1998, p16) provided a comprehensive description of 

VMS as “a proactive, creative, problem-solving or problem-seeking service, 

which maximises the functional value of a project by managing its 

development from concept to use through structured, team-oriented exercises 

which make explicit, and appraise subsequent decisions, by reference to the 

value requirements of the clients”. 

VMS is also considered as an innovative management, and as a 

Critical Success Factor (CSF) for D&B projects when conducted at an early 

stage of the project (Lam et al., 2008). This was also supported by Ashworth 

and Hogg (2000) that VMS is a CSF for successful construction projects. VMS 

is often applied in order to improve the construction project performance 

(Berawi et al., 2012). Nevertheless, VMS is adopted in many projects to cope 

with challenges such as budget constraints, safety issues, environmental 

impact, and above all, value for money as VMS often faces pressure from 

limited time and resources (Shen and Liu, 2003). Therefore, contractor’s early 

involvement in VMS is expected to provide a solution to these issues regarding 

the design problems and communication between stakeholders (Naoum and 

Egbu, 2015). In this study, it is important to differentiate between two terms, 

VMS, and Value Engineering (VE). Kelly et al., (2002) described VE as a 

subset of VMS and added that VE opportunities begin at a point where the 

project can be identified in terms of its elements and components and end 
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when the physical project is finished. Therefore, in this research, the term VMS 

is used as an umbrella to comprise all techniques, including VE as a part of 

VMS. 

2.4.1.1. Process of Value Management System 

VMS has several features, including the appointment of workshops 

facilitator, multidisciplinary participants, strategic implementation timing, 

effective process, and techniques. These features make VMS a useful 

technique for satisfying the client needs. Male et al., (2005) argued that VMS's 

ability to formulate, plan and execute an acceptable VMS study is the key to 

its enhanced status. Four generic styles were also presented that could be 

used to operate VMS technique as follows: 

• Style One: an independent value facilitator collaborates with the 

existing multidisciplinary team to introduce and challenge changes into 

the project value system (UK style).  

• Style Two: an independent value facilitator brings an independent team 

of specialists for auditing value system (US style).  

• Style Three: an appointed value facilitator brings together an 

independent value team of specialists for auditing value system and 

subsequent reconfiguration (a combined between US and UK styles).  

• Style Four: an independent value facilitator collaborates with an existing 

multidisciplinary team to integrate data, understanding value issues, 

structuring thinking, and keeping the system aligned.  

According to the SAVE International organisation, VMS study consists 

of pre-workshop, workshop, and post-workshop phases. In the pre-workshop 

phase, VMS facilitator and clients collaborate to generate a first statement of 

a project need and gather data on the project (Male et al., 1998).  

 

The second phase is the workshop phase, which includes a set of 

tasks known as the Job Plan (JP), which is perceived to be a path map for the 

identification of the required activities and looking for the best route to perform 

the task (Assaf et al., 2000). JP consists of five stages as shown in Table 2.2. 
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The key stages are information, function analysis, creativity, evaluation, 

development, and presentation. JP is widely employed and proved successful 

in many different sectors including construction industry (SAVE International, 

2007). The last phase is the post-workshop phase; it involves the efforts to put 

the result into effect.  

The last stage of VMS is the post-workshop phase, which involves the 

efforts to put the result into effect. The implementation process of the approved 

proposals needs to be designed rigorously to ensure full benefits from the 

project (Kermode et al., 2000).  

Table 2.3: Phase Two of VMS (Job Plan) (SAVE International, 2007) 

Job Plan 
Stage 

Objectives of Job Plan Stage 

Stage 1: 
Information  

It aims to help to investigate the constraints that affect decision-making by 
performing function analysis and presenting all information to project 
stakeholders. Function analysis is a structured process that systematically 
identifies the functions of a complex product or facility to clarify problem 
and develops a shared understanding of the reason why design elements 
exist. It also allows the team to detect problems in a systematic manner by 
using a tree diagram before unnecessary functions are identified and 
removed. 

Stage 2: 
Creativity  

It aims to encourage the creation of ideas regarding the defined functions 
and produced possible alternatives. The quality of the ideas is not 
important, and no assessment or critique should take place because it is 
crucial that participants are free to submit seemingly ludicrous ideas 
without fear of criticism.  

Stage 3: 
Evaluation  

It aims to direct participants towards the development of preliminary 
alternatives in which careful appraisal and creative judgement to the ideas 
are needed to select the best alternative for further development. The 
satisfaction of the primary functions identified in the information phase is 
used as the key criterion for assessment. 

Stage 4: 
Development  

It aims to select ideas from the evaluation phase, which are developed into 
workable solutions. These ideas are designed in detail, ensuring all 
components are accounted for. The benefits and costs of the proposal are 
evaluated and made explicit. Only limited development can take place 
inside the workshop itself. Further development should be carried out after 
approval by the clients. 

Stage 5: 
Presentation  

It is a brief, pertinent discussion of the proposed improvement. The 
discussion should include the advantages, and disadvantages of 
recommended changes, required follow-up actions and potential 
implementation problems.  

 

In the UK, Kelly and Male began developing a VMS approach in 1986 

and explained that VMS is a different approach to cost planning, which was 

concurrently established in the UK construction industry. They undertook 
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another study three years later to investigate the techniques used in 

orientation, function diagramming and VMS workshops. A first book published 

in 1993 by Kelly and Male reviewed the theories of the North American 

approach and argued for the case of a structured VMS approach. In 1995, this 

methodology was adopted as a datum for a benchmarking study conducted 

by Male et al., (1998). In this study, a generic VM process in building projects 

was developed, as presented in Table 2.3 where each value aspect has 

several objectives and set of time, as well as the number of key participants. 

However, all these aspects can be influenced by the size and complexity of 

the project and its sensitivities (Kelly, 2008). and in 2015, the newest edition 

of the book illustrated five value opportunity points in the project lifecycle (Kelly 

et al., 2015), as presented in Figure 2.4. 

 

Figure 2.4: Value Opportunity Points in the Project Lifecycle 

Each value study has several objectives and set of time, as well as the 

number of key participants, as summarised in Table 2.3. However, all these 

aspects can be influenced by the size and complexity of the project and its 

sensitivities (Kelly, 2008). Male et. al., (1998) detailed VMS process in building 

project as presented in Table 2.4. None of the previous studies specified VMS 

for medium size building project, but lesson need to be learned from that.  

Table 2.4: Details of VMS Workshops (Male et al.,1998) 

The 
Study 

Workshop Objectives Duration Participate 

VM1 • Identify the scope and purpose 
of the project and its important 
parameters. 

• Articulating strategic needs and 
wants 

• Expressing clearly, the mission 
of the business project. 

4-7 days.  Senior members of client 
organisation. 

10-20 people. 
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VM2 • Development of project brief in 
technical terms. 

4-8 days.  Client representative, 
designer, and project 
manager. 

10-20 people. 

VM3 • Reviewing value in terms of initial 
plans, elevations, sections, 
outline, specifications, and cost 
plan of the proposed built 
property.  

4-8 days. Client representative, 
designer, and project 
manager. 

(10-15) people. 

VM© • Validating the project brief and 
concept design. 

• Ensuring that the client value 
system is obviously described 
and understood. 

4-8 days.  Client representative, 
designer, and project 
manager. 

(10-15 people). 

VM4 • Moving from the strategic and 
client organisation to the 
technical solution of the concept 
design which involves value 
engineering in terms of the 
element function and whole life 
performance relationships. 

 

4-9 days. Client representative, 
designer, and project 
manager.  

(10-15 people). 

VM5 • Introducing supply chain and 
technical development issues. 

• Updating the risk associated with 
the project. 

• Appraising the proposed action 
identified earlier. 

2-6 days. Project manager, suppliers, 
commercial manager, client, 
designer, and subcontractor 

(6-10 people). 

2.4.1.2. Techniques Used for Value Management System 

According to Bowen et al., (2011), the use of tools and 

techniques differs among the VMS practitioners. However, they stated that 

there is a strong preference for using value analysis and lifecycle costing of 

construction projects. They further showed that, given the availability of a wide 

selection of tools and techniques found in the literature, the use of such tools 

and techniques in VMS practice was still limited. This suggests that the tools 

and techniques used do not have a special preference. Nonetheless, there is 

an indication in the literature that brainstorming techniques and the Function 

Analysis System Technique (FAST) are also commonly used at the VMS 

workshops (Cheah and Ting 2005; Bowen et al., 2011; Dallas 2006; Tohidi, 

2011; and Jaapar et al., 2012). It should be noted that Dallas (2006) stressed 

that the VMS techniques are not exclusive to VMS and indicated that some 
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VMS analytical methods such as brainstorming technique are common for 

both VMS and RMS. 

2.4.1.3. Benefits of Value Management System  

VMS can be implemented throughout the whole lifecycle of building 

projects, however Dell ‘Isola (1997) recommended that the VMS should be 

performed as early as possible to achieve its maximum efficiency, prior to 

funding commitment, acceptance of any other management systems, and 

design. It was also supported by Male and Kelly (1999) who illustrated the 

great potential of VMS to reduce costs if exercised earlier in building projects. 

That emphasised the importance of considering value studies at the earliest 

stage of a building project. In an early study undertaken by Dell'Isola (1997), 

two problems were described that could occur if VMS is applied later: the 

increased cost required to implement changes; and resistance against the 

change. Meanwhile, Value Engineering Handbook (2000) asserted the 

implementation of VMS during an earlier phase of a building project increases 

the potential savings as shown in Figure 2.5. Furthermore, numerous benefits 

of VMS application in building projects were identified in several previous 

studies, as summarised in Table 2.4.  

 

Figure 2.5:  Potential savings from VMS applications (Value Engineering Handbook, 

2000) 
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Some of these studies listed the benefits comprehensively based on 

their importance, while other studies classified the VMS advantages into 

groups according to the substantive linkage among them. A list of VMS 

benefits is found in the literature as summarised in Table 2.5 below.  

Table 2.5: Benefits of Value Management System  

VMS Benefit Item 
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Saving project costs  * *  * * 

Clarification of stakeholder needs and user requirements * * * *  

Better definition of alternative solutions and project 
objectives and outcomes 

*  * * * 

Shorting the project schedule * *   * 

Better definition of quality and performance assets and 
standards 

*  * *  

Improved operational efficiency  *   * 

Clear project briefs * *    

Enhancing risk assessment * *    

Improving decision making     * * 

Enhancing communication, teamwork and cooperation *   *  

Identification of innovative service delivery processes *   *  

Improving value through reduced costs while ensuring 
required standards 

 * *   

Better definition and understanding of the project 
objectives leading to an improved client brief 

* *    

Maintaining the commitment of stakeholders to outcomes 
through organised workshops participations 

*  *   

Enhancing project functionality  *    

Improving work quality      * 

Reducing wastage of resources *     
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Isolating of design deficiencies     * 

Minimizing of environmental impact  *    

Testing and validating different planning assumptions   *   

 

Despite that these VMS studies have been conducted in different 

geographical locations: Saudi Arabia, the United Kingdom, Australia, Nigeria, 

and Turkey respectively, they largely agreed that using VMS would reduce the 

project costs by defining clearly the needs of stakeholders, providing better 

alternations solutions to enhance the functionality of each element in designs, 

saving project times, and improving project quality.  

2.4.1.4. Barriers of Value Management System  

Hogg (2000) identified key factors that can hamper the implementation 

of VMS in the UK construction sector. Some of these factors were linked to 

clients who did not order VMS or were unwilling to pay for VMS because the 

current quantity survey methods were deemed to be sufficient to produce the 

required results. Other barriers found by Hogg (2000) were related to the lack 

of time for conducting value studies, more expenses for VMS implementation, 

capacity limitations, gaps in conventional procurement method, and the lack 

of VMS popularity among design consultants. Jaapar et al., (2012) among 

others, focused on the constraints and problems that affect the implementation 

of the value workshops, and confirmed that the lack of VMS practice or even 

the VMS knowledge are the main constraints affecting the Malaysian VMS 

implementation. The study also showed that the conflicting goals between 

clients and contractors, as well as the reluctance of the stakeholders to 

change, are other main VMS constraints. 

The scope of VMS implementation in the Australian Engineering sector 

was investigated using a semi-structured interview in a further analysis by 

Whyte and Cammarano (2012). The study showed that time constraints, lack 

of understanding and involvement of individual team members have negatively 

impacted the success level of the VMS workshop. In the same line, Latief and 

Kurniawan (2009) investigated the introduction of VMS in the department of 

infrastructure services for Indonesia's public works, a list of 31 factors affecting 
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VMS implementation was extracted from various sources under five main 

factors, which are: the number of staff with VMS qualification, VMS 

implementation legislation, composition of staff, knowledge of VM techniques 

and management, and degree of staff education.  

A survey results of members of SAVE International and Institute of 

Value Management (IVM) in the UK were presented by Fong (2004). 

Surprisingly, 76% of the 109 respondents pointed out to the fact that the VMS 

lacks a professional image. The participants also argued that there is a lack of 

VMS knowledge, and a lack of support from government towards promoting 

VMS. Interestingly, however, despite these numerous issues, 98% of 

participants were optimistic for the future of VMS.To overcome the issues 

highlighted by the participants, Fong (2004) proposed developing a future 

generation of VMS professionals and reducing the gap between research and 

practice by creating a proper education and funding system.  

Each of above research studies presented different VMS 

implementation constraints in different geography locations. In general, 

however, the different studies identified the VMS's lack of knowledge and 

awareness as one of the biggest obstacles and the primary reason for VMS's 

limited application in the building projects. in addition, other notable factors 

include the lack of support from government and relevant parties, especially 

clients, and lack of guidelines for implementing VMS. 

2.4.2. Risk Management System 

According to Hudin and Abdul Hamid (2014), Risk management (RM) 

was defined as a process to foresee possible risks that an organisation may 

face and to develop suitable approaches to mitigate identified risk exposure. 

A more comprehensive definition for risk in project management can be found 

in the Guide to the Project Management Body of Knowledge (PMBOK Guide) 

which states, “Project risk management includes the processes of conducting 

risk management planning, identification, analysis, response planning, and 

monitoring and control on a project. The objectives of the project risk 

management are to increase the probability and impact of positive events, and 
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decrease the probability and impact of negative events in the project” (Project 

Management Institute, 2008: p.273) 

RMS helps to recognise uncertainties pertaining to the project goals 

and facilitates management action used to avoid or eliminate them (Dallas, 

2006). RMS should be manged proactively in order to meet the goals and 

objectives of the project (Goh et al., 2013), which indicates that the most 

effective way of conducting an RMS study is through a workshop at the early 

stages of the project. Meanwhile, Zwikael (2009) found that RMS knowledge 

area was ranked as the second most influential area for project performance. 

Despite the progress of RMS approaches with a well-established body of 

knowledge and considering the efforts undertaken to deliver RMS, there is a 

lack of universal adoption (Yaraghi and Langhe, 2011). According to Yaraghi 

and Langhe (2011), the RMS standards could only be applicable to certain 

and limited types of organisations, and lack of the clarification needed for a 

guideline. 

2.4.2.1. Process of Risk Management System 

The five key stages of RMS process are risk identification, risk 

analysis, risk assessment, risk control, and risk monitoring (Hudin and Abdul 

Hamid, 2014). These five key stages and their objectives are outlined in Table 

2.6 according to OGC Gateway Review process. It should be noted that many 

other researchers combined the RMS process into only three stages, i.e., risk 

identification, risk analysis and strategy response to all major project threats, 

which are discussed in more detail in the following sub-sections. 

Table 2.6: Risk Management Stages (OGC, 2007) 

RMS Stages Objectives of RMS Stages 

Risk 
Identification 

• To determine what the risks are. 

• To distinguishes between the origin of the risk and its impact. 

Risk 
Assessment 

• To determine the probability of occurrence and potential 
impact or severity.  

• To understand and quantify the likelihood of occurrence and 
potential impact. 

• To divided into Qualitative and Quantitative assessment. 
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Risk 
Response 

• To contain them within acceptable limit (taking 
countermeasures). 

• Only when the possible causes and effects have been 
considered and understood. 

• To divided into avoidance, reduction, transfer, and 
retention/acceptance. 
 

Monitoring • To update and control the risks. 

• To review throughout the project, actions recorded in risk 
register. 

Feedback • To find out how well the risks were managed, and lesson 
learned to improve RMS performance for next projects. 

2.4.2.1.1. Risk Identification  

Risk identification is a detection procedure by which the clients may 

focus on the risk factors at an earlier stage of the project and the identification 

of all possible threats that may impact a construction project. Different risks 

could be defined by a variety of techniques and tools including historical data, 

brainstorming, tree diagrams, checklists, and influences diagrams (Othman, 

2008). 

Chandra et al., (2015) listed risks into the following categories: natural 

risks; design risks; resource risks; construction risks; financial risks; and legal 

and regulatory risks. The study used Structural Equation Modelling (SEM) to 

check the impact of these six risks individually on a construction project 

performance, it highlighted that financial risk is the most important factor that 

can greatly impact on the project susses. 

This study focuses on the partial integration of the most important 

management systems at the strategic level; therefore, the financial risk 

management system is considered because of its importance during the pre-

construction phase of building projects. Figure 2.6 demonstrates the 

researcher’s understanding of the significance of manging financial risks in the 

strategic stage while its importance decreases throughout the following 

phases (tactical and, operational). In contrast, the health and safety 

management system become more important as the project progress.  
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Figure 2.6: The Importance of Conducting Health and Safety Risk vs Financial Risk 

(The Researcher Understanding of RMS)  

2.4.2.1.2. Risk Analysis  

Risk analysis is used to assess the recognised risks and to determine 

the significance of each threat to the project, based on an evaluation of the 

likelihood of an event (likelihood) and the possible result of its occurrence 

(severity). The formula below is used to calculate risk based on the likelihood, 

severity loss, and gain.  

Risk = Likelihood X Severity Loss/Gain (Balfour Beatty, 2000). 

The major purpose of risk analysis is to provide a project risk profile 

that the client can use to look ahead to possible future events and see the 

probability of these events occurring. The client can then decide whether or 

not to invest in the project, or to adopt specific strategies for dealing with the 

major risks. The risks can be analysed quantitatively or qualitatively. The 

quantitative risk analysis is a method of risk analysis that involves numerical 

data entry and running calculations. This type of analysis creates numerical 

results that allow teams to make more informed choices. Qualitative risk 

analysis requires a subjective judgement based on the team's experience and 

intuition, that can be used to evaluate the risk effects. The lack of numerical 

data linked to risk identification is a primary factor, which leads the risk analyst 

to adopt the qualitative method. This does not mean that the quantitative 

analysis cannot be used. Both qualitative and quantitative techniques are 
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employed according to the significance of the project and the availability of 

data (Kindinger and Darby, 2000). 

2.4.2.1.3. Risk Response  

As each building is unique and risks are complex in the construction 

phase, the associated risks must be addressed. The information gathered 

during the risk assessment and review process provides an overview of risk 

that might occur. The practitioners should set appropriate responses in 

advance. Enshassi et al., (2008) presented three ways to respond to any risk 

during constructing a building project, which are avoidance of risk, risk 

reduction, risk retention and transfer of risks. Rejecting a project proposal is, 

in the first instance, an obvious way to avoid risks. If, however, the client 

decides to continue a project, risks should be minimised as much as possible. 

Risk reduction includes a wide range of actions such as detailed evaluation of 

the design, deeper geographic and geotechnical investigation, full project 

environment assessment, use of alternative contractual and strategic 

contracts, close coordination with the project team or the application of various 

technologies or methods of work.  

The second way of risk response involves transferring the risk from one 

party to another without increasing the overall risk in the project. Risk transfers 

between project stakeholders or between a party and an insurer may be 

carried out. The transfer of risk is typically carried out by the client, even though 

it requires multiple factors before the transfer of any risk. The first factor 

involves the capacity of the group to handle or monitor the risk and the 

recognition of the risk transfer consequences. The second factor involves 

considering the rate of inflation payable for the transition of risk, which should 

be greater than the costs of effects. Lastly, the risk-holding party may be the 

only one able to cope with or accept the risk. The retained risk can be 

controlled or uncontrolled. If the risk could be managed, the risk then will be 

controlled, and its probability or effect may be reduced. The client should 

normally remain below a certain danger level known as residual risk (Jaffari, 

2001). 
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2.4.2.2. Techniques Used for Risk Management System 

There is no best specific technique for managing risks in building 

projects because almost inevitably each project has its own unique 

characteristics (Amos and Dent, 1997). However, there is a group of 

techniques that is used to identify different risks sources in building projects. 

Bahamid and Doh (2017) listed several of these techniques including 

checklist, expert interview, past experiences, and brainstorming. Once these 

risks have been identified and classified, a wide range of risk analysis 

techniques are used to assess and measure the impact of these risks. 

Sensitivity analyses, Monte Carlo simulation, probability impact analysis, 

decision tree analysis checklists, and subjective judgement are found to be the 

most commonly used techniques in RMS (Goh et al., 2013). 

2.4.2.3. Benefits of Risk Management System 

The report of the Institute of Risk Management (2002) illustrated that 

RMS brings sustainable value to the organisational activities. Furthermore, 

Goh et al., (2013) explained that the RMS workshops support the project 

teams in improving coordination and awareness among the project 

stakeholders, thereby increasing awareness of the project risk through the 

collective knowledge of team members. Zhao et al., (2013) concluded that the 

RMS application does not only enable a better management of risk but also 

enhances cost and schedule performance. The implementation of systemic 

risk management process could help gain several benefits as summarised in 

Table 2.7. 

Table 2.7: Benefits of Risk Management 

RMS Benefits 
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Reducing project costs * * *  * 
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Improving decision-making * * * * * 

Concentrating on resources    *   

Improve defining constraints     *  

Avoiding unaffordable risks   *   

Eliminating unnecessary risks   * *  

Providing Value for Money (VfM)   *   

Improving planning and prioritisation     * 

Select the suitable type of contract     * 

Improving project management * * *   

Better understanding of uncertainty * * * * * 

Promoting effective communication * * * *  

Better responding to unexpected events * * *  * 

Better understanding of project objectives * * * *  

Better modelling of future project can be built up     * 

Reduce the amount of crisis management that might 
occur during the project 

   *  

Formulation of more practical strategy in work of 
schedule 

    * 

Protect credibility and reputation of company     * 

Maximising opportunities during design and planning    * * 

Establishing the justification of contingencies * * *   

Effective team building and better use of skills and 
experience of project personnel 

* * *   

Risk response can be well-planned through allocation of 
risk to the compatible party to handle. 

    * 

 

The previous studies clearly illustrated the benefits of using RMS, 

which include reducing project costs, providing better decision-making, and 

improving quality. These benefits are similar to those identified while 

employing VMS, indicating the suitability of VMS and RMS to be combined 

into a single system. 

2.4.2.4. Barriers of Risk Management System 

Effective RMS enables risks and opportunities in a project to be 

identified and analysed. Since RMS requires team members to prepare and 
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participate, it is time, energy, resources, workforce, and commitment that are 

needed for the RMS process (Goh et al., 2013). Yaraghi and Langhe (2011) 

noted that RMS was successfully applied by only less than 25% of 

organisations. Despite a high degree of corporate commitment to training, 

most companies struggle to convey their principles and strategies and they 

lacked professional staff with RMS experience.  Zwikael and Ahn (2011) listed 

two major barriers for implementing RMS effectively in different industries, 

namely, inadequate usage of RMS tools, and inability of project managers to 

execute the RMS process successfully. 

Another key barrier to the successful implementation of the RMS is 

the lack of a structured framework and systematic formalities (Goh et al., 

2013). A similar observation was made earlier by Rao Tummala et al., (1997), 

who identified the lack of acceptable risk standard as the major barrier in the 

implementation of RMS amongst other barriers including resistance to change, 

lack of training on RMS, and difficulty in obtaining suitable RMS methods. 

Jackson et al., (1997) observed that the major reasons for not using RMS tools 

and techniques were the costs involved and the lack of understanding, 

reliability, clear benefits, and IT facilities. However, according to Rao Tummala 

et al., (1997), only a few respondents were faced with the lack of top 

management support and lack of computing resources. Nevertheless, Lyons 

and Skitmore (2004) observed that, apart from the lack of knowledge and lack 

of expertise, organisational and human resistance play a major role in limiting 

the application of RMS. Similar observation was also made by Hwang et al., 

(2013) who concluded that the lack of government legislation was considered 

as a barrier to the adoption of RMS in construction projects. 

2.4.3. Environmental Management System  

The Environmental Management System (EMS) helps reduce impacts 

made on the environment and can be used to monitor performance. Many 

organisations are now compliant with ISO 14000 (a series of international 

standards on environmental management), which provides a framework for 

the development of environmental management systems and supports audit 

programme. It is estimated that by 2056, global economic activities will have 
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increased fivefold; global population will have increased by over 50%; global 

energy consumption will have increased by nearly threefold, and global 

manufacturing activities will have increased by at least threefold1 (Ilha et al., 

2009). EMS standards have arisen due to the increased environmental 

legislation, increased interest among stakeholders in relation to environmental 

issues, as well as organisational interest in achieving cost-reduction by 

reducing water and energy use (Wilkinson and Dale, 2001).  

The financial assessment of the environmental impact of building 

projects on natural environment can be eliminated during the design solutions 

at the feasibility stage. The design solutions that will be developed during the 

projects stages may change the result of the environmental impact 

assessment made in the construction phase. Therefore, risk become 

significant if the environmental impact is not assessed in the future phases 

according to the developed design solution.  

2.4.3.1. Process of Environmental Management System 

In the UK, in 1992, BSI was the first standardisation body to publish 

an environmental management system standard (BS 7750). However, the ISO 

14000 standard is also the most renowned environmental management 

system standard that was firstly published in 1996, with the second revised 

edition in 2004 (Jorgensen et al., 2006). By 2004, more than 66,000 ISO 14001 

certificates have been issued globally (Maier and Vanstone, 2005). A recent 

survey was conducted by ISO in 2017, showed the number of certificates was 

raised to 358,953 (ISO Survey of Management System Standard 

Certifications, 2017). The Eco-Management and Audit Scheme (EMAS) was 

founded by the European Commission. EMAS and ISO 14001 are similar, but 

EMAS is more comprehensive compared to ISO (Jorgensen et al., 2006).  

Figure 2.7 presents the EMS implementation model which was 

developed based on Plan-Do-Check-Action (PDCA) cycle, that includes five 

auditable subclauses which were explained in section 2.4.4 as follows: (i) the 

 
1 These estimates are expected to increase due to the appearance of the COVID-19, which has an 
impact on various industries, including the construction industry. 
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first phase aims to formulates and prepare the documentation of the 

environmental policy, (ii) the planning phase aims to assess environmental 

aspects and impacts, and the necessary control measures, as well as the 

identification of relevant legal and other requirements. Based on this data, 

objectives, targets, and environmental programs should be well formulated. 

(iii) The third phase aims to implement, operate, and allocate resources 

available as per the requirement in order to set-up an adequate system 

suitable for the organisation, capacity and capability building, setting the 

operational control, fixing internal and external communication channels by 

suitable means, documentations control and the emergency preparedness 

and response. (iv) Checking phase allows for the measurement of the 

performance based on the objectives, and targets. It also focuses on the 

tackling of the non-conformities, corrective action, and preventive actions. 

Lastly, (v) Management review phase aims to review the result of the items 

detailed by the top management and key stakeholders in order to obtain 

feedback to proceed with continual improvement of environmental 

performances (ISO/ TC207 Environmental Management, 2004). 

 

Figure 2.7: EMS Model (ISO/ TC207 Environmental Management, 2004) 

2.4.3.2. Techniques Used for Environmental Management System 

In the literature, a variety of EMS techniques has been identified. 

Table 2.7 describes the key strategies for seven techniques. These techniques 

provide a good basis for change in the building projects. This is due to their 
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ability to promote an organisation's consideration of the lifecycle of the project 

processes in order to implement environmental changes and explore multiple 

benefits. For example, an LCA's technical framework consists of four separate 

interrelated components which are target description, inventory analysis, 

impact assessment, and interpretation. In this scenario, contractors may 

concentrate on the process of quantifying specifications for energy and raw 

materials and releases to the environment during a project’s or process's 

lifecycle. However, choosing resources based on the requirements of a 

company will reduce administrative burdens, provide flexibility in determining 

how to incorporate changes in the environment and work towards superior 

environmental performance (Steelman, 2006). Nonetheless, in practice one 

purpose may be served to exclude others, and this is a criticism that has also 

been levelled at EMS techniques (Friedman, 2003). If such techniques are 

used at the detriment of others to satisfy these purposes, they are likely to lose 

their value as alternative policy instruments. Table 2.8 also indicates that there 

is a link between the RMS and the EMS, as the EMS may be categorised as 

a subset of the RMS, and this will pave the way for the integration of these two 

management systems. There is currently no study in the literature that focuses 

on the integration between EMS and RMS. 

Table 2.8: Techniques Used in EMS (Friedman, 2003) 

EMS Techniques Technique Description 

Life Cycle 
Assessment (LCA) 
 

LCA is an analysis of energy and material utilization with 
product environmental impacts through its lifecycle (from 
cradle to grave). It provides a deep understanding of 
energy and resource utilization in the product life cycle 
and the environmental impacts to develop the 
environmental performance of the system. 
 

Full-Cost Accounting 
(FCA) 
 

FCA is linking organisations’ internal environmental 
costs (i.e., costs for regulatory compliance or hidden 
expenses, etc.) with external environmental costs (such 
as using non-renewable resources, cleaning up waste, 
disposal sites, etc) within the accounting process. This 
shows the economic consequences of environmental 
performance. 
 

Environmental Impact 
Assessment (EIA) 
 

EIA evolves study into the adverse and beneficial effects 
that construction, maintenance and operation of 
proposed development or land use change will have on 
the environment including people. This technique 
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compares enhances all beneficial impacts of alternative 
or maintaining courses of action, and the long- and 
short-term impacts. 
 

Risk Management Risk management guides the necessary actions to 
reduce the risk associated with products and operations, 
to minimize risks and interruptions to the business. 
 

BREEAM UK Based assessment standard for high environmental 
performance in buildings.  
 

CEEQUAL An awards scheme, which assesses the environmental 
quality of civil engineering projects.  
 

EcoHomes A version of BREEAM developed to promote the 
environmental performance of new, converted, or 
renovated home. 

2.4.3.3. Benefits of Environmental Management System  

There are different benefits for using an EMS approach, which include 

using defined framework, documented compliance evidence, improved 

communications, inherent preventive and reactive management capability, 

consistent practices, external recognition, marketability, competitive 

commercial advantages, and faster response to organisational issues (Watson 

and Emery, 2004). One of the key arguments for implementing EMS is the 

presumed reduction of the authorities' control and control regulation when a 

company can show that it takes its own environmental responsibility and has 

it under control, i.e. takes the action of its own initiative (Green et al., 2007). 

Zhang and Wen (2008) stated that community pressure played a significantly 

positive role in engaging companies to improve their performance in 

environmental management. Contractors should therefore be obliged to 

improve their environmental performance to respond to the needs of the 

community. The implementation of EMS provides multiple economic and non-

economic benefits for organisations (Potoski and Prakash, 2005). Table 2.9 

presents a stream of benefits that can be obtained when applying EMS in 

construction projects. 
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Table 2.9: Benefits of Environmental Management System 

EMS Benefit Item 
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Create Innovation     * 

Reducing the liability and risks  *   

Increasing business competitiveness *  * * 

Improve the performance of benchmarking    * 

Improving regulatory compliance requirements.  *   

Reducing environmental impacts and complaints * *  * 

Improving the continuous performance improvement    * 

Setting organizations and projects’ triple bottom line    * 

Reduction in environment-related sickness and injuries * *   

Cost saving due to the reduction of pollution and waste * * * * 

Reducing of environmental risks polluted air, land, and water *   * 

Establishing system for continued environmental improvement  * *  

Contributing to the improvement of public environmental 
standards 

*   * 

Contributing to environmental protection and energy efficiency 
process 

*    

Improving decision making process throughout the project’s life 
cycle 

   * 

Improving staff work environment and relationships between 
stakeholders  

* *  * 

Improving organisations reputation in environmental 
performance 

 *  * 

Improving collecting, reporting, and interpretation of data for 
stakeholders  

   * 

Reducing the environmental impact led to quality improvement 
in products and processes 

  *  
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2.4.3.4. Barriers of Environmental Management System  

Construction projects in different geographic locations may face 

different barriers to EMS adoption. For example, in Hong Kong's construction 

industry, four main barriers to EMS adoption were related to the governmental 

pressure, lack of clients’ support, subcontracting systems, and costly 

implementation of EMS (Tse, 2001). Lam et al., (2011) stated that green 

specifications would play a significant role in achieving sustainable 

construction alongside EMS by developing a framework of green 

specifications for general use, along with the encouragement of EMS in 

building. However, when designing such a system, the interests of each 

category of stakeholders, and the expenses of green standards can be 

potential barriers. On the positive side, a UK case study revealed some 

examples in the precast concrete business where systematic, compliance-

based adoption of ISO 14001-inspired EMS has led to enhanced outcomes 

such as the development of a continuous performance improvement culture, 

better efficiency, broadened sustainability focus, better utilisation of human 

resources, and improved overall engagement of the companies with 

sustainability initiatives (Holton et al., 2010). Revell (2007) reported survey 

findings revealing resistance to adopting EMS among SMEs in the 

construction industry in the UK, especially with the prioritisation of an 

economic bottom line. The cases concluded that the barriers to EMS adoption 

were significant. However, they can be overcome by the adopting a number of 

measures. The solutions include a commitment of senior management and the 

transfer of that sentiment throughout the organisation, training to improve 

awareness and staff competence with the issues, clear communication of 

rationale and benefits, engagement and ownership by operational staff, and 

clear objectives and targets in those parts of the new systems that have the 

biggest impact on the operations. 

2.5. Summary of Chapter 2 

The chapter outlined the most relevant procurement methods in the 

UK construction industry and briefly in other international construction 

industries. It presented that the D&B procurement approach is the most 
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common method used in the medium size building projects in the UK. It 

emphasised the fact that the performance of the building projects needs to be 

improved by reducing expenses and having less impact on the environment to 

meet the government strategy 2025. It also discussed different aspects of each 

of VMS, RMS and EMS in the construction industry and the issues surrounding 

the effective application of these methodologies in project management. 

Similarly, the techniques, benefits and barriers to the application of those 

management systems were discussed in detail. To summarise, VMS is a 

forward-thinking process which utilises team effort in a workshop environment 

to predict, identify and assess alternative best solutions, to develop innovative 

ways to achieve project objectives through value opportunities and to enhance 

project outcomes to provide stakeholders with best value for money. RMS is 

a forward-thinking process which utilises team effort in a workshop 

environment to predict, identify and assess uncertainties in a project, to find 

ways to mitigate the impact, to prevent the occurrence of crisis, to prioritise 

and to follow an action plan to manage the risk. Similarly, EMS is a forward-

thinking process which utilises team effort in a workshop environment to 

predict, identify and assess the impacts of building and construction activities 

on natural environment.  

The application of these three methodologies was observed to have a 

close relationship in which they contribute to improving project performance 

through facilitated workshops that engage key stakeholders. Furthermore, it 

was observed that there is a number of methods, tools and techniques used 

in delivering VMS, RMS, and EMS. All these methodologies, however, are 

focused on group dynamics, prioritisation, and the use of brainstorming 

techniques. Although it was argued that the project performance can be 

improved through the application of VMS, RMS and EMS methodologies, a 

number of barriers were observed which can hinder their success. It was 

identified that a significant work needs to be done to promote the 

methodologies due to people’s lack of knowledge and understanding of the 

methodologies. Organisations are encouraged to extend their commitment 

and support for the application of the three methodologies if their desire is to 

achieve the best outcomes. Considering the similarities between the VMS, 

RMS and EMS methodologies, the researcher suggests that the effectiveness 
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of the project performance of D&B medium-sized building projects could be 

improved through the integration of the three methodologies. Therefore, 

Chapter 3 discusses the integration between management systems, and 

Chapter 4 presents a proposed framework of the integrated system between 

of VMS, FRMS and EMS and identifying the critical success factors that make 

the integrated system most effective. 
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Chapter 3. Integration in Management Systems 
 

 

3.1. Introduction to Chapter 3 

This chapter discusses the main aspects of the integration process 

between management systems in the construction industry and how 

integration of two or more systems can be achieved. It highlights three key 

elements of integration, namely: strategy, methodology, and level. The 

benefits and barriers of the application of an integrated management system 

are also addressed. Furthermore, the previous studies that targeted the 

integration between VMS and RMS, as well as between VMS and EMS are 

scrutinised. The chapter ends with a discussion of the possibility of integrating 

VMS, FRMS, and EMS into one system. 

3.2. Definition of Integration in Management Systems  

According to Beckmerhagen et al., (2003), the integration has been 

defined as combining various function-specific management systems into a 

single and more efficient management system. Karapetrovic and Willoborn 

(1998) also identified integration as "a system of systems”, whereby two 

systems are connected in such a way, which results in the two systems losing 

independence while the new integrated system becoming a much more 

comprehensive system. In addition, Baiden et al., (2006), defined integration 

as a process where various fields, such as priorities, requirements, and 

cultures, get combined into a single system in which the constituting systems 

support each other. Each of the management systems has several concerns, 

goals and objectives, and an integrated management system can be built by 

facilitating the synergies between them (Jorgensen and Simonsen, 2002). 

3.3. Integration in Management Systems 

In general, the term Integrated Management System (IMS) can be 

used to describe any combination of two or more project management 
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systems. The broader use for IMS, however, was found in the literature to 

signify the combination of EMS, Quality Management System (QMS), and 

Occupational Health and Safety Management System (OHSMS), which is 

discussed in detail in section 3.4.3. the following sections present the benefits 

of integration between management systems, and the process to perform 

integration. 

3.3.1. Benefits of Integration between Management Systems  

When integrating different management systems, there are several 

general benefits that can be gained. These benefits include reducing time, 

maximising efficiency, facilitating information flow, improving decision-making 

process, and minimising the risk of confusion between individual standards 

demands (Hiley and Paliokostas, 2001). A full formal integration also promises 

better outcome and maximum time and effort savings by avoiding the 

repetitions of the common tasks (Ranesh et al., 2012a). 

Kirk (1995) pointed out that integration is useful from multiple points of 

view, including (i) the interaction with external experts with various views, (ii) 

the consideration of elements that are difficult to measure, and (iii) the study 

of savings based on the various alternatives. In addition, Karapetrovic and 

Casadesus (2009) concluded that an integrated system would always 

contribute to a more efficient system in whatever form it takes. Furthermore, 

the integration greatly benefits from approaching certain tasks and problems 

experienced in one system in light of the experiences gained in other systems 

through similar tasks and phases (Mootanah et al., 1998). Dalling and Holt 

(2012) reinforced this point that integration is advantageous and emphasised 

that finding similarities and mutual effect among the different tasks involved in 

the project is one of the biggest integration benefits. 

Rajkovic et al., (2008) emphasised that integration provides a greater 

resources control compared to the separate implementation of single 

management systems as clearer goals can be defined and followed. Hiley and 

Paliokostas (2001) argued that the integration benefits go beyond the 

traditional view of best Value for Money (VfM) to include better communication 

between project stakeholders. Furthermore, Ranesh et al., (2012b) asserted 
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that the integration benefits include better management records and improved 

communication and discussion between all project teamwork. Furthermore, 

Haghnegahdar and Asgharizadeh (2008) illustrated that the integration of 

systems such as RMS and VMS can help with improving the early identification 

of risk, reducing project duration, and improving value. A list of other 

integration benefits including Integrated audits, reducing paperwork, 

optimizing resources, avoiding effort duplication, providing system flexibility, 

increasing team motivation, and enhancing standards synergies were also 

suggested by other researchers as summarised in Table 3.1. 

Table 3.1: Benefits of Integration Between Management Systems 

Integration Benefit Defined by Researchers 

Integrated audits. 
Douglas and Glen (2000)/ Beckmerhagen et al., 
(2003). 

Reducing paperwork. 
Beckmerhagen et al., (2003) /Zeng et al., 
(2011)/ Simon et al., (2012). 

Optimising resources. Zutshi and Sohal (2005)/ Salomone (2008). 

Avoiding effort duplication. 
Beckmerhagen et al., (2003)/ Zutshi and Sohal 
(2005). 

Providing system flexibility. Beckmerhagen et al., (2003). 

Increasing team motivation. 
Zutshi and Sohal, (2005)/ Salomone, (2008)/ 
Zeng et al., (2011). 

Enhancing standards synergies.  
Beckmerhagen et al., (2003)/ Simon et al., 
(2011). 

 

3.3.2. Standards for Management Systems Integrations 

Many standardisation bodies, including the British Standard Institution 

(BSI) in the UK, and The Spanish Association for Standardization and 

Certification (AENOR) in Spain, have developed and published standards for 

integration. Also, the International Organization for Standardization (ISO) has 

released a handbook, which provides recommendations to integrate several 

management systems (ISO Handbook, 2008). Table 3.2 presents the 

descriptions for each of these standards. The ISO handbook, in particular, 

confirms that the number of management systems has risen dramatically in 

recent years because organizations are looking to improve their performance. 
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Furthermore, Abad et al., (2014) reiterated that the number of companies with 

more than one management systems standard certification is rising steadily 

and many of them are already experimenting with integration. Also, Salomone 

(2008) indicated that the majority of the organisations within their research 

sample had embarked on integration and that, in most cases, the integration 

was achieved at a high degree involving strategy, policy, documentation, 

records, and audit. Despite this progress by these organisations and others, 

the standardization bodies, including ISO, though committed to taking the 

existing management systems standards towards greater compatibility and 

alignment, made no attempt to integrate the different standards of 

management systems into a single document. 

Table 3.2: Standardisation Bodies’ Integration Guidelines 

Guidelines Description of the Guidelines  

PAS 99: 2012 
 

The British Standard PAS 99: 2012 (BSI 2012) "defines the common 
requirements of management systems is intended for use as a 
framework to implement the common requirements or specifications 
for an integrated management system”. The adoption of the standard 
allows the simplification of deployment of multiple management 
systems, although the particular requirements of each must be 
managed and satisfied for the achievement of certification, and 
helping organizations achieve the benefits of the consolidation of the 
common requirements of management systems. The standard 
specifies that integration must be planned and improved in a 
structured manner and adopted for internal benefits. 

 

UNE 66177: 2005 
 

The Spanish Standard UNE 66177: 2005 (AENOR 2005) presents 
"guidelines for developing, implementing and evaluating the 
integration of quality management systems, environment and health 
and safety at work of those organizations that have decided to 
integrate these three systems fully or partially, in the quest for greater 
efficiency in managing and increasing its profitability” (AENOR 2005, 
page number). The standard also aims to "help the management 
team to design and implement an integrated management system 
and identify methods and tools applicable for the implementation of 
an integrated management system” (page number). It is based on 
the PDCA cycle of continuous improvement. The process has three 
stages: 

1. Development of the integration plan, that describes, among 
others, the expected benefits, the selection of the integration 
method and support of senior management. 

2. Implementation of the integration plan, which describes the 
responsibilities for the integration plan and maintenance. 

3. Review and improvement of the IMS, which describes a 
global analysis of facts and results, improvement of the 
consistency of decisions, and determination of the priorities 
for the IMS, using all possible synergies. 
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ISO Handbook: 
2008 

 

The ISO Handbook: 2008 provides examples, discoveries, 
challenges, and benefits to organizations that consider implementing 
the requirements of multiple ISO or non-ISO management system 
standards through an integrated approach. The methodology 
proposes seven steps to integrate the various management systems 
in the global system of the organization. In addition, each of these 
steps presents several case studies of organizations that have 
carried out the integration process. 

 

 

3.3.3. How Can the Integrated Management System be Achieved?   

Four main aspects characterise any integration management system 

process. The first aspect is to determine which integration strategy is 

supposed to be followed (Jorgensen et al., 2006). The second aspect is to 

determine the integration methodology which may, for example, be based on 

a national or international standard as listed in Table 3.2 or on a guidelines 

document published by the standardisation body or either by practical or 

academic studies (Zeng et al., 2007). The third aspect characterising any 

integration management system process concerns the achievable level of 

integration, since such levels depend on how the process is performed in each 

case (Bernardo et al., 2009). Different possibilities are expressed in the 

literature on the levels of integration of standardised systems. The fourth and 

final aspect addressed in the literature is the integration of internal and external 

audits. Bernardo et al., (2012) listed other aspects to be considered during the 

integration process which are the benefits and difficulties of integration.  

As this research aims to improve the perfomnce of D&B medium size 

building projects by developing an integrated system that includes the 

environmental management system jointly with value and financial risk 

management system, it is therefore important to highlight each of these three 

main aspects in more detail. The following sections describe the main three 

integration aspects which are the integration strategy (section 3.3.3.1), 

integration methodology (section 3.3.3.2), and integration level (section 

3.3.3.3). 
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3.3.3.1. Integration Strategy  

When an organisation decides to create a unified system, the first 

process to be considered is to determine the integration strategy that refers to 

the sequence of the individual management systems to be adopted, 

depending on which systems are already in place, and are required. Many 

companies concerned with the integration of management systems achieve 

integration in accordance with their own integration approaches on the basis 

of "ad-hoc" designing (Lopez-Fresno, 2010). In addition, the selection of the 

integration strategy also depends on different considerations such as 

expenses, experience, availability of resources, and challenges that can 

influence the integration outcome (Bernardo et al., 2012). 

The previous research studies showed that most firms integrated their 

management systems sequentially, for example, the integration process to 

formulate the IMS, QMS was firstly implemented followed by the 

implementation of other two management systems. Karapetrovic and Jonker 

(2003) also suggested that QMS should be applied first followed by EMS 

followed by other management systems.  A two-step integration strategy 

based on QMS and EMS has also been discussed by Karapetrovic and 

Willborn (1998). In the first stage, three options are proposed for the 

integration of these two systems and in the second stage, the integration of 

systems other than QMS and EMS is addressed. In the first step, three options 

will be identified as follows; (i) first apply QMS followed by EMS, (ii) first apply 

the EMS followed by QMS, and (iii) simultaneously apply both QMS and EMS. 

In the second stage EMS and QMS are integrated into other management 

systems. The study adopted the Plan-Do-Check-Act (PDCA) model. Further 

descriptions on the models selected in the integration process are presented 

in the following section. Table 3.3 presents different strategies that have been 

adopted in different integration studies. Some studies partially merged the 

targeted integration components into a new integrated system such as the new 

systems proposed by Abidin and Pasquire (2005), Bowen et al., (2010), and 

Abdul Hamid et al., (2011), while other studies set one main integration 

component as a vehicle to include the other components such as the new 

systems proposed by Ranesh et al., (2012a), and Khadour (2010).  
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When an organisation decides to create a unified system, the first 

process to be considered is to determine the integration strategy that refers to 

the sequence of the individual management systems to be adopted, 

depending on which systems are already in place, and are required. Numerous 

potential integration strategies were suggested in different literature (Bernardo 

et al., 2017). The first strategy is the most effective one and recent work has 

shown that the latest empirical studies often require simultaneous 

implementation of management systems that needed to be combined (Abad 

et al., 2014 and Bernardo et al., 2012). Many companies concerned with the 

integration of management systems achieve integration in accordance with 

their own integration approaches on the basis of "ad-hoc" designing (Lopez-

Fresno, 2010). In addition, the selection of the integration strategy also 

depends on different considerations such as expenses, experience, 

availability of resources, and challenges that can influence the integration 

outcome (Bernardo et al., 2012). 

The previous research studies showed that most firms integrated their 

management systems sequentially, for example, the integration process to 

formulate the IMS, QMS was firstly implemented followed by the 

implementation of other two management systems. In the contrary. 

Karapetrovic and Jonker (2003) argued that the sequences could firstly be 

applying QMS and then EMS and respectively followed if there are other 

management systems.  A two-step integration strategy based on QMS and 

EMS has also been discussed earlier on by Karapetrovic and Willborn (1998). 

In the first stage, three options are proposed for the integration of these two 

systems of management and in the second stage, integration of systems other 

than QMS and EMS is addressed. In the first step, three options will be 

identified as follows; i) first apply QMS followed by EMS, ii) first apply the EMS 

followed by QMS, and iii) simultaneously apply both QMS and EMS. In the 

second stage to incorporate EMS and QMS into other management systems, 

the study adopted the Plan-Do-Check-Act (PDCA) model. Further descriptions 

on models selected in integration process are presented in the following 

section. Table 3.3 below presents different strategies that have been adopted 

in different integrations studies. Some studies partially merged the targeted 

integration components into a new integrated system such as new systems 
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done by Abidin and Pasquire (2005), Bowen et al., (2010), and Abdul Hamid 

et al., (2011), while other studies set one main integration component as a 

vehicle to include the other components such as new systems done by Ranesh 

et al., (2012a), and Khadour (2010).  

Table 3.3: Integration Strategies in Existing Literature  

Author Integrated Components Diagram 

Abidin and 
Pasquire (2005) 

• Value Management Delivering 
Sustainability (VMD) 

• Value Management Workshop 
(VMW) 

• Sus 

• Sustainability (S) 

• Structured Job Plan (SJP) 

 

Bowen et al., (2010) • Value Management Practice 
(VMP) 

• Risk Management (RM) 

• Total Quality Management (TQM) 
 

 

Abdul Hamid et al., 
(2011) 

• Value Engineering (VE) 

• Risk Management (RM)  

• Partnering (P) 

• Integrated Value Management 
(IVM) 

 

Ranesh et al., 
(2012a) 

• Project Management (PM) 

• Value Management (VM) 

• Risk Management 

 

VMDS

VMW

SJPS

VMP

RM

TQ
M

IVM

VE

RMP

PM

VM

RM
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Khadour (2010) • Total Quality Management (TQM) 

• Environmental Management (EM) 

 

3.3.3.2. Integration Methodology  

Several integration methodologies have been proposed by 

standardization bodies and academics. These methodologies are described in 

Table 3.4, while academics have elaborated their own methodologies based 

either on the integration of management systems elements, i.e. objectives, 

resources and processes (Karapetrovic and Jonker, 2003) or on composed 

models (Pal Pandi et al., 2016). The different management systems can be 

integrated mainly using three approaches: (i) developing a new model, (ii) 

using an existing model, or (iii) merging two or more existing models (Dalling 

and Holt, 2012). Academics describe three approaches to QMS and EMS 

integration of both their process: (i) first approach was based on the QMS 

standard (ISO 9001) (Beckmerhagen et al., 2003 and Scipioni et al., 2001). (ii) 

second approach was based on the EMS standard (ISO 14001) (Karapetrovic 

and Wilborn 1998; and Von Ahsen 2013), and (iii) third approach was on a 

systemic approach (Karapetrovic and Willborns,1998), which clarified the 

need to combine the three standards into a standardized management 

system, which can be integrated at different levels according to goals, process, 

and resources. Karapetrovic et al., (2006) conducted an empirical study in 

order to study the extent of integration of these elements and found that most 

companies had integrated them to a high extent. Wilkinson and Dale (1999) 

proposed that integration could be carried out in a variety of different ways, 

and two ways were suggested: (i) merging documents of management 

systems that share similarities in their standards through an aligned approach, 

and (ii) implementing an integrated management system through the Total 

Quality Management approach (TQM). Later, Wilkinson and Dale (2001) 

suggested the TQM as an integration approach to combine quality, 

environmental, and health and safety management systems. The model 

TQM

EM
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earned the title of Total Quality model, as it achieved a full integration between 

different activities of different management systems, where the independent 

systems are completely digested and amalgamated into a new main system, 

rather than merely integrating the documentations of the systems. Further, this 

model is built on considering effects of both integrated organisational structure 

and people’s culture on the interplay between the resources and process 

throughout different stages of integration. Similarly, Pun and Hui (2002) 

suggested a model to integrate the process of quality, environmental, and 

health and safety management systems into one system, called (QEHS). This 

model was built upon the synergy between the different process involved in 

the integrated system, which are assumed to be interrelated. For instance, in 

case of QEHS, several links were found between the size of the organisation 

and awareness of safety and quality systems on one hand and structure of the 

organisation, focus of employee, leadership, safety culture and cost 

consideration of integration on the other hand. This model adopts TQM in the 

integration phase but adds one phase for planning the different process and 

identifying the synergies and one phase after integration, to train people on 

quality and safety culture and get them involved and finally to standardise the 

adopted methods. Karapetrovic (2003) argued that it is problematic to use the 

process approach and PDCA cycle individually because of the divergent 

objectives and suggested that the two different approaches be combined. 

Karapetrovic (2003) proposed a model, called systems model, which guides 

interconnected process to achieve best quality through PDCA cycle. 

Therefore, the idea behind the systems model is to improve every phase of 

the integration by focusing on improving the efficiency of not only the collective 

multiple process as a whole, but also of the single processes by their own 

individual nature. The continuous improvement of integration process can be 

achieved throughout PDCA cycle. Labodova (2004) identified three models 

that were integrated into two different ways. The first was named (step by 

step), and the second was greenfield. The (step by step) entailed that an 

organisation already implements one management system, and subsequently 

implements another management system. The greenfield way entailed that an 

organisation does not have any implemented management system, therefore 

the management systems can be integrated form the beginning. The study 
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suggested that the (step by step) and (greenfield) ways can be applied to any 

integration models. Karapetrovic et al., (2006) proposed four different 

integration methodologies which were process map, PDCA cycle, common 

elements, and organisation’s own model. Although the different standards 

have increasingly been aligned, there is still a difference in the underlying 

models. Simply, it can be said that the process map applies to many processes 

in an organisation, whereas the PDCA approach applies to ensure that the 

system will be continuously improved. There is no single management system 

standard includes integration, but the standards (PAS 99:2012, DS 8001:2005 

and ISO 9004:2008) address the integration issues. The PAS 99:2012 is 

based on the PDCA cycle, and the DS 8001:2005 and ISO 9004:2008 contain 

elements from all the models. These standards focus on the common 

elements between the different standards, organisation strategy and 

stakeholder expectations. It can, thus, be argued that the standards focus on 

all three levels of integration.  

 

Figure 3.1: A Synergetic Model (Zeng et al., 2007) 

Many other authors emphasise that companies keen to apply PDCA 

cycle in their own models (Simon et al., 2011 and Bernardo et al., 2012). Table 

3.4 describes different methodologies of integration, which have been 

suggested by several academics on IMS and summarises some models. 
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Table 3.4: Research in Integration Methodologies 

Author Description of Integration Methodologies 

Puri (1996) Proposed a guideline to help companies manage environmental and 
quality management systems. Presented a framework to integrate total 
quality management (TQM) with the environmental. Provides tools for 
implementing and certifying to ISO 14001 and ISO 9001. Discussed the 
quality manual and analyses audits of environmental and quality. Also 
proposed a roadmap of 10 stages to develop and implement an IMS of an 
EMS and TQM. 

Renfrew and 
Muir (1998) 

Proposed a model in five steps to show the evolution of management 
systems, stated with the introduction of ISO 9001 and end with the 
introduction of a single standard and management system using QEHS, 
which aimed to promote the strategic management of organisation risks. 

Karapetrovic 
and Willborn 
(1998) 

 

Proposed a system based on seven steps: (i) goals definition, (ii) goals 
evaluation, (iii) design the system, (iv) to obtain and allocate resources, 
(v) spread them as planned, (vi) implement the system, and (vii) evaluate 
the final output of the system with original objectives and their individual 
characteristics and requirements. 

Wright (2000) Proposed a model with the steps to integrate ISO 14001-based 
management system (five steps) with OHSAS 18001 (four steps), in 
organisations with a QMS implemented. Proposed that all three standards 
contain the same basic disciplines and a common overall structure that 
makes them easy to integrate. The research analysed the documents of 
the three standards for the management of quality, environment and 
health and safety [International Standardisation Organisation (ISO) 
9001/ISO14001/ OHSAS 18001)] which contain the same basic 
disciplines, and a general common structure that can be integrated easily. 

Wilkinson and 
Dale (2001) 

Suggested two integration methodologies (i) to merge documentation 
through aligned approaches and similarities in standards, and (ii) to 
implement an integrated management system through total quality 
management approach. The research used the documents analysis to 
find the linkages between ISO 9001 and ISO 14001. 

Karapetrovic 
(2003) 

 

Proposed a methodology based on six steps, began with (i) the 
specification of the objectives of integration, (ii) determining the scope and 
capability of IMS, (iii) the alignment and integration of the information, (vi) 
goals, (v) resources and process, and (vi) the continuous improvement of 
IMS. The research has used documents analysis to summarise the most 
important issues surrounding the integration, problems, and solutions. 

Karapetrovic 
and Jonker 
(2003) 

 

Proposed a methodology based on the viewpoint of processes and has 
the audit as the central point. Involves the amalgamation of goals, 
process, and resources in the audits of quality, environmental, health & 
safety, and other management systems. provided reports as outputs and 
integrated preventive and corrective actions, as well as improvement 
opportunities.  

Jonker and 
Karapetrovic 
(2004) 

Suggested key characteristics for any integration mode, (i) able to 
incorporate all the common elements of function specific management 
systems, (ii) generic, (iii) flexible, (iv) fully compatible with specific models 
of existing management systems and (v) support the implementation 
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 methodology, evaluation, improvement, and maintenance of an IMS in an 
organisation. 

Karapetrovic 
(2005) 

 

Suggested three models: (i) Initial model, in which the management 
systems form the framework of IMS (could be, e.g., PDCA or the process 
map), (ii) Combined model, which joined the management systems 
models that are part of the IMS in a single model, and (iii) Complacent 
model, which accommodated existing and future management systems. 
The research analysed the environment and the scope of integration 
documents in international management system to develop a brief overall 
of expected future developments in integrated system.  

Zeng et al. 
(2007) 

Proposed a Synergetic model for implementing an IMS on three levels: (i) 
strategic synergy, which refers to goals, plans and strategic actions for 
quality, environmental and health and safety, (ii) synergy of resources, 
structural and cultural, and (iii) synergy of the documentation. . The 
research used structured questionnaire (400 were sner and 104 were 
used in the analysis) to investigate the status of integrated management 
system. 

Asif et al. 
(2009) 

Proposed a methodology called Process Embedded Design of Integrated 
Management Systems. The process began with the design of core 
process that is integrated in the later stages. 

Khadour 
(2010) 

Proposed EMS in TQM based on PCDA model. The research has used 
questionnaire to develop the model then implemented the model 
throughout some building projects.  

Asif et al. 
(2010a) 

 

Proposed a methodology developed through the application of both a 
systemic approach and a met management approach. It also provided a 
mechanism for satisfying the unique needs of various stakeholders. 

Asif et al. 
(2010b) 

 

Identified the archetypes of integration strategies and evaluated 
comparative effectiveness of two strategies: (i) System approach, and (ii) 
“Techno‐Centric approach” (operational level). The research selected four 
cases in different locations across the world (Asia, USA, and Europe) 
varied with number of employees and different services: pharmaceutical 
plant textile plant automobile plant, and dairy plant to identify the 
integration process. 

Tari et al., 
(2012) 

 

Proposed the dimensions for a of quality and environmental management. 
IMS based on the European Foundation for Quality Management (EFQM) 
model. The EFQM model helps in the integration of quality and 
environmental management systems. The paper reviewed the literature 
(111 articles) using an electronic search in the ScienceDirect, ABI/Inform, 
Emerald databases to identify papers focusing on the adoption of the ISO 
9001 and 14001 standards and the benefits derived from implementing 
them. 

 

3.3.3.3. Integration Levels  

There is a distinction between determining which models are used 

when integrating various management systems, and the degree to which 

management systems have been integrated. Abad et al., (2014) argued that 

corporates can benefit from the integration of the management systems when 
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the three levels of integration are achieved and concluded that the benefits of 

integration are more significant among companies with a higher integration 

level not only in the operational levels but also in organisational levels. 

Beckmerhagen et al., (2003) presented three various integration levels, 

namely: harmonisation, cooperation, and amalgamation. Moreover, 

Karapetrovic (2003) explained the three levels of integration as follows (i) no 

integration, when managing systems work/act/operate separately, (ii) partial 

integration, when only some components of management systems are 

integrated while others are still managed separately, and (iii) full integration, 

when the whole components in multiple management systems are managed 

in a unified system, which is consistent with the unified system mentioned by 

Karapetrovic (2003). Almeida et al., (2014) classified organisations, which 

merge systems according to the integration levels into two categories namely 

Low Integration Level Organisation (LILO), and High Integration Level 

Organisation (HILO). The LILO refers to organisations that integrate systems 

in no more than two levels. The integration level of LILO is reduced since it 

only reflects a documental level while the processes remain separate, and 

therefore it is classified as a partial integration according to Bernardo et al., 

(2009). On the other hand, HILO applied when systems are integrated in more 

than two levels and subsystems are fully integrated. In HILO, four levels of 

integration can be distinguished, which depends on whether the integration is 

applied in the policy, integration documents, selection of goals and ultimately 

alignment of management tools.  

In the same line, Jorgensen et al., (2006) explained three integration 

levels for enhancing management system, i.e., (i) Correspondence level with 

a high flexibility of alignment of common elements, (ii) Coordination level with 

embedded integrated management framework into an organisational learning 

environment, and iii) Strategic level with a plan for continuous improvements.  

The study demonstrated a set of benefits for each of three integration levels. 

The benefits of the correspondence level include providing a link among 

different standards, saving time, money and ensuring participation of 

employees within the process to meet the specifications of the different 

standards. Therefore, it is a solution to several bureaucratic issues. The 

benefits of the coordination level, which is focused on shared awareness of 
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the general process of planning, policy, implementation, and monitoring, 

include providing clearer definitions of systems’ team responsibilities, 

evaluating synergies and trade-offs, policy coordination, goals, and objectives. 

Lastly, the benefits of the strategic level, which is related to solving problems 

that are related to delivering continuous improvement, include improving 

competitiveness and contributing to sustainable development. 

The degree to which systems’ objectives, resources and processes 

were integrated was measured by the level of integration of management 

systems. In Kafel (2016) study, it was illustrated that companies determine 

whether or not certain aspects of integration should be completely, partially or 

not integrated. In particular, companies that apply their management process 

at an average level of integration by combining goals, processes and 

documentation get the most benefit from integration. In addition, Kafel (2016) 

found that the integration benefits were greater in the group of organisations 

where more than three management systems were integrated than in 

companies where there were only two or three systems integrated. In this 

respect, Table 3.5 presents the widespread interest among researchers in the 

various classifications of levels of integration in accordance with the 

documentations and process unification. 

Table 3.5: Different Classifications of Integration Levels 

Level Level Characteristics 

Wilkinson and Dale (1999) 

1st Level 
Every management system is integrated into every activity 
and function. 

2nd Level 
System combination is based on the similarities between 
systems documentation and standards. 

3rd Level 
Integration of selected parts of management systems with 
other certificated systems. 

4th Level 

Integration of both uncertificated and certificated systems 
with the overall management system. (The systems' 
policies and objectives are aligned to the business’ policies 
and objectives. 

Jorgensen (2008) 
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Corresponding 
Increased compatibility with cross-references between 
parallel systems. 

Coordinated 
Generic processes with focus on tasks in the management 
cycle. 

Strategic 
Creation of a culture of learning, stakeholder participation, 
continuous improvement, and synergies between the 
systems. 

Zeng et al., (2007) 

Level 1 Strategic objectives, plans and actions. 

Level 2 Organizational structural, resource and cultural synergy. 

Level 3 Documentation synergy. 

Bernardo et al., (2009) 

No Integration Separate management system. 

Partial Integration 
Integration of some management systems based on their 
objectives, documentation, human resources, and 
procedures. 

Full Integration 
Standards are combined into a common management 
system. 

Sampaio et al., (2012) 

Level 1 Documentation’s integration. 

Level 2 Management tools integration. 

Level 3 Common policies and goals of managements systems.  

Level 3 Common organizational structure. 

3.3.4. Continuous Improvement 

The concept of continuous improvement (CI) has originated from the 

Japanese term (Kaizen) which means ‘change for good’, a business 

philosophy developed by Masaaki Imai, the founder of Kaizen institute in 

Japan (Imai, 1986). Imai (1986) defined CI as a progressive improvement that 

includes both leaders and employees. Another description of CI was given by 

Boer et al., (2000) as a planned, organised, and systematic process of 

ongoing, incremental, and company-wide change of existing practices aimed 

at improving organisation performance. CI approaches such as TQM, Kaizen, 
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lean management, six sigma, and hybrid methodologies such as lean six 

sigma have become popular in the manufacturing to improve product quality 

and simplify production process (Prashara and Antony, 2018). This section 

discusses two different CI approaches that are widely used for continuous 

process improvement and product improvement. The first approach, Six 

Sigma, consists of five consecutive steps, namely the DMAIC (Definition, 

Measurement, Analysis, Improvement, and Control), whereas the second 

approach is based on four consecutive rotational steps called PDCA (Plan-Do-

Check-Act), as shown in Figure 3.2. 

 

Figure 3.2: Structure of the PDCA Cycle (Zeng et al., 2007) 

Karapetrovic (2005) argued that different models can be applied to 

construct a new model: (i) the initial model, under which the management 

systems form the framework of an integrated management system (for 

example, to be a process map); (ii) the combined model, which combines 

different management systems models that would form part of an integrated 

management system in a single model; and (iii) the complacent model, which 

accommodates existing and future management systems. Bernardo et al., 

(2010) highlighted that in order to develop a framework, a selection of 

methodology for the integration process should be defined. Bernardo et al., 
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(2009) described models that can be used to integrate quality, health and 

safety, and environmental management systems. 

They elaborated that the literature does not identify a single, 

standardised methodology; thus, every single organisation implements the 

methodology that suits it best, which can be adopted by a number of 

methodologies proposed by both academia and certification bodies. Among 

the former, several scholars constructed their own theoretical framework by 

identifying the specific steps to be followed, and the top of them was to define 

the goal for adopting one of the continuous improvement models. They 

include, among others, the continuous improvement models of Asif et al., 

(2009), Karapetrovic and Jonker (2003), and Lavodova (2004). 

Sahno et al., (2015) used the Six Sigma approach to establish a 

framework for continuous improvement of production process. This framework 

enables engineers to track the production process on a daily basis based on 

the available data from the previous day. This is achieved by determining 

which Failure Classifier (FC) is the most harmful in the process based on the 

product quality and cost point of view. This enables the continuous refinement 

of the production process and its indicators that impact the performance 

indicators, which helps increase both the customer satisfaction and financial 

performance of the organisation. The Sahno et al., (2015) study, proposed the 

Six Sigma (DMAIC) staps during three phases: FC, Failure Mode and Effect 

Analysis (FMEA), and Theory of Constraints (TOC), as described below. 

• Define: in this step the problem is detected and quantified in terms 

of the perceived outcome. Also, the product or process to be 

improved should be identified, resources for enhancing the project 

performance should be allocated, and expectations should be set 

for the project improvement.  

• Measure: this step helps understand the current situation of the work 

process before determining where it should be strengthened. 

Defects in the production process or product development could 

then be identified by graphical statistics as shown in FC, FMEA and 

TOC phases in Figure 3.3. All the potential impacts on failure modes 
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should be defined. The result from this step also helps create 

various charts and diagrams to better analyse the data. 

 

Figure 3.3: Framework for CI of Production Process (Sahno et al., 2015) 

• Analysis: this step applies mathematical strength to the problem 

analysis, identifies the root cause of the problem and decides how 

much of the overall variance there is.   

• Improve: this step aims at designing, identifying, and applying the 

right risk-controlled strategies. The effect of the solutions is then 

determined by the key performance developed during the 

measurement step.  
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• Control: this step aims at planning and implementing a modification 

based on the outcomes of the previous step. It also includes tracking 

the process to ensure that it operates on the basis of the 

modifications made, catches the estimated progress and improves 

its performance. 

In management system integration, in building projects, Khadour et al., 

(2009) integrated environmental management into Total Quality Management 

(TQM) to create a new system (TQEM), which also followed the PDCA 

approach (a continuous improvement approach) based on its four elements as 

shown in Figure 3.2. CI is a vital feature for every management system to have 

for being a dynamic system, because if CI is not maintained, the system would 

be classified as a static system. Prashar and Antony (2018) listed a set of 

advantages derived from the presence of continuous improvement as follows: 

decrease in service process, increase in first-call resolution ratio, decrease in 

operational costs, decrease in operator turnover and streamlining of service 

process, expansion in service capacity, increase process flow and 

productivity, decrease performance variability, improve quality of service 

delivery, and increase compliance with customer’s expectations. Importantly, 

Sanchez-Ruiz et al., (2019) concluded that the lack of time is the highest 

ranked barrier to consider continuous improvement. As a result, by combining 

management systems into a unified system, more time will be saved, and the 

new integrated system will have a better chance of maintaining the continuous 

improvement feature, particularly during the initial stages of integration, when 

the system will be moving from partial integration to full integration, which 

necessitates frequent reviews. As a consequence, the feature of continual 

improvement can play a vital success factor in achieving effective integration. 

3.3.5. Integrated Management System (IMS)  

As described in section 3.4, IMS is a short-term used in the literature to 

represent the integration between EMS, QMS, and OHSMS. Table 3.6 

summarises the findings of previous studies on the numerous elements of IMS 

i.e., methodologies and integration levels. 
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Table 3.6: Researches in IMS (Zeng et al., 2007) 

Studies on 
IMS 

Main Findings 

IMS Integration Methodologies 

Zwetsloot 
(1995) 

Three synergy types in combing QMS and EMS including 
management system synergy, common aspect synergy, and 
organizational synergy. 

Puri  

(1996) 

Guidelines were set for an integrated TQM and EMS with a 
framework based on ISO 9001 and the three components which 
are process management, management responsibility, and 
support systems. 

Karapetrovic 
(2003) 

A two-pronged integrated framework of QMS, EMS and OHSMS 
was developed, where the first prong includes the establishing 
of a generic standard of management system to support 
integration while the second prong concern on auditing for 
generating a generic audit system standard. 

IMS Integration Levels 

Tranmer  

(1996) 

Aligning of two systems with the business objectives and overall 
organisation strategy. 

Wilkinson and 
Dale (2002) 

Two levels to perform integration including merging the 
documentation in the aligned level through the similarities in the 
systems standards followed by implementing the integrated 
system in a TQM approach. 

Jorgensen et 
al., (2006) 

 

Three achievement levels were determined, from the improved 
consistency of management components that were tampered 
with by alignment of common procedures to the incorporation of 
advanced management systems into a learning culture and 
continuing improvements.  

 

Three types of integration between EMS and QMS were explained in 

a study by Griffith and Bhutto (2008). The first was by partially integrating EMS 

with an existing QMS. In the second type, a conversion system was 

constructed based on the existing QMS with fully added environmental 

elements. The third type was an engineered system which integrated QMS 

with EMS elements and incorporating OHSMS elements, formulating a 

comprehensive synergistic system. The study concluded that the most prolific 

of the three was the second type as the basis for optimising implementation of 

EMS and effectively making an environmental quality system (EQS), as shown 



78 
 

in Figure 3.4. It was clear that the main drivers of EQS were developments 

oriented on economic impacts and the need to reduce financial fines for 

environmental transgressions, waste, and corporate benefits rather than 

factors based on ecological morality. IMS focuses on the integration of EMS 

with other two important system (QMS and OHSMS) in the construction phase 

of the building projects and this research take the advatagtes of focuses to 

investigate the integration of EMS with the most other important systems in 

the preconstruction phase (VMS and FRMS)  

 

Figure 3.4: Merging, conversing, and engineering EMS into QMS and OHSMS 

(Griffith and Bhutto, 2008) 

3.3.5.1. Benefits of IMS Application  

An integrated management system would enhance the functionality of 

each of its integrated systems. For example, organisations that have limited 

implementation of EMS would increase their environmental performance when 

a unified system is adopted. Quality as a management system has been 

criticised for being a static system while EMS has been considered as a 

dynamic system. Dynamic functionality is ensured when continuous 
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improvement of the system is practicable. As a result, the static system could 

therefore be easily rolled to become a dynamic into integration. IMS is seen 

as a system that is dynamically evolving and well adapted to self-assessment 

and benchmarking. IMS offers structure and direction for firms and maintains 

their expense effectively. Low and Chin (2003) proposed that the management 

systems in an organisation were simplified by IMS. Matias and Coelho (2002) 

identified the potential benefits of IMS in certification process and also 

identified collaborative approach to quality and environmental responsibility 

and workplace protections for companies with economies of scale. Pun and 

Hui (2002) illustrated that IMS could cultivate competitive advantage for 

companies. This was attributed to lower financial loss, compliance with 

legislations, effective distribution of responsibilities and promoting goodwill in 

communities. The number of accidents were significantly reduced when 

companies considered integrating the of quality management system standard 

(ISO 9001) with health and safety management system standard (ISO 18001), 

as reported by Shen and Walker (2001). Zeng et al. (2008) published a survey 

revealing that an integrated management system is extremely capable of 

minimising repetition of processes and could also save resources, while some 

respondents also suggested that IMS could eliminate process conflicts. This 

is consistent with other research studies which indicated that the provision of 

a clear integrated system could reduce implementation complexities. 

The certifiable management systems which work separately are more 

bureaucratic, costly, and deliver lower performance than those achieved 

through IMS (Oliveira, 2013). Practitioners identified that improving routine 

management was the most important benefit of IMS, while reducing financial 

savings was the second (Almeida et al., 2014). Salomone's (2008) study 

revealed that optimising the audit, both internally and externally, was the main 

benefit for implementing IMS and the synergies between the three integrated 

systems could be used to save time, cost, and teamwork. In addition, the study 

found numerous positive outcomes from the IMS application, including cost 

savings, cuts in bureaucratic documents, and improved resource optimisation 

(Abad et al., 2011). 
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3.3.5.2. Barriers of IMS Application   

Although relatively high degrees of compatibility and alignment between 

QMS, EMS, OHSMS exist, inherent differences between them still cause 

problems to organisations when establishing an integrated management 

system (IMS) (Salomone, 2008). Difficulties in implementing the IMS can be 

categorised as internal or external barriers. Internal barriers are obstacles 

arisen within the firms which prevent or impede IMS implementation or its 

adoption. According to Zeng et al. (2006), the internal barriers are classified 

into four main categories as follows (i) understanding and perception; (ii) 

human resources; (iii) company culture; and (iv) organizational structure. On 

the other hand, external barriers are obstacles arisen from outside the firms 

which prevent or impede IMS implementation. The external barriers are 

classified under four main groups as follows (i) stakeholder and customers; (ii) 

certifying bodies; (iii) institutional environment; and (iv) technical guidance 

(Zeng et al., 2006).  

Zeng et al., (2008) explained that companies with separate teams to 

manage different management systems can easily cause organisational 

problems and conflicts. Furthermore, coordination from the top management 

level to the bottom was another crucial barrier in adopting IMS as senior 

managers must be directly involved in communicating the goals and plans of 

the company, and in motivating and rewarding staff alongside total 

commitments and participation from all staff. Zeng’s research recommended 

that senior managers should consequently understand their important roles in 

implementing effective integration of management systems. In the same 

context, the negative collaboration attitude of senior managers towards IMS 

adoption and the inflexible culture of companies often lead to avoid the 

process of IMS. This is consistent with other studies, which reported difficulties 

in the IMS application due to problems with the relationship between project 

stakeholders (Oliveira 2013; and Karapetrovic and Casadesus, 2009). 

Moreover, among the difficulties faced by firms to adopt IMS, Almeida et al., 

(2014) demonstrated that the changing of the organisational structure, as well 

as a set of difficulties with the system integrations process were among the 

top of the barrier to adopt IMS. In addition, other critical barriers were identified 
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such as the lack of experience in management systems integration, 

behavioural and procedural changes by some staff, who mostly were in the 

organisation for long time, lack of defining significant obstacles until integrate 

systems at the first integration level (documentations level), financial 

investment, lack of local consultants, and lack of partners with IMS for 

benchmarking effects. Suggestions to optimise the benefits of IMS for 

companies which have different managers for OHSMS and QMS, was to 

explore whether the IMS adoption could be influenced by the inexperience of 

a specific single manager (Carvalho et al., 2015). Further research studies 

presented further barriers to the adoption of IMS, as demonstrated in Table 

3.7. 

Table 3.7: Difficulties in IMS Integration 

Difficulties in IMS integration Supporting Literature 

Increase in bureaucracy. Matias and Coelho (2002); and Wright 
(2000). 

Insufficient financial resources. Zutshi and Sohal (2005). 

Inadequate audit methodologies. Karapetrovic (2002). 

Reduced flexibility after integration. Crowe (1992). 

Different scopes of each system. Wilkinson and Dale (2001); and Zeng et 
al., (2008). 

Rejection of new system by 
employees. 

Matias and Coelho (2002); and Zutshi and 
Sohal (2005). 

Different implementation process of 
each system. 

Karapetrovic (2002); and Seghezzi 
(2000). 

Unfamiliarity of integration concepts. Salomone (2008); and Wilkinson and Dale 
(2001). 

Lack of knowledge and guidelines in 
how to integrate systems. 

Salomone (2008); Zeng et al., (2007); and 
Zutshi and Sohal (2005). 

Restriction in cultural aspects which 
requires cultural transformation. 

Jorgensen et al., (2004); and Zeng et al., 
(2007). 

Unclear about common denominator 
in systems (common 
characteristics). 

Karapetrovic (2002). 

Resistance of the staff during 
integration due to lack of individual 
roles. 

Karapetrovic (2002). 

Unavailability of formal standard for 
management systems integration. 

Labodova (2004). 
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Risk of not giving every function of 
the management system the right 
level of importance. 

Salomone (2008). 

 

3.3.6. Integration Between VMS and RMS  

The aim of the Integration between Risk Management and Value 

Management (IRVM) is to maximize the value for money by identifying, 

analysing and managing any involved risk (Ranesh et al., 2012a). The 

complete formal integration also ensures better outcome and reduces time and 

effort through the avoidance of repeating the common tasks, which otherwise 

occur in case value and risks are managed independently (Ranesh et al., 

2012b). Moreover, the integration benefits greatly from addressing all risk 

issues in light of VMS (Mootanah et al., 1998). To investigate the extent of 

integration between VMS and RMS, Ranesh et al., (2013) used semi-

structured interviews conducted with ten industry practitioners involved in 

Public Private Partnerships (PPPs) projects in Australia. The study concluded 

that the integration between VMS and RMS were never performed formally. 

One reason behind this is the confusion related to the lack of knowledge of 

how exactly to integrate VMS and RMS and at which stage of the project 

should this be addressed. Therefore, to avoid any confusion, Othman, (2005) 

proposed that the IRVM should be simple and easy to follow, otherwise the 

integration will be hindered, and focus will be lost. In addition, Ranesh et al., 

(2012b) suggested that the participants of IRVM should be knowledgeable of 

not only one of the two management systems (VMS and RMS) but both. This 

was also proposed by Othman (2005) who suggested that the diversity of the 

team is critical in making good decisions. Abd-Karim et al., (2011) investigated 

the applicability of integration in the project’s job plan through workshops and 

brainstorming in four infrastructure projects in the UK.  The study 

demonstrated that the application of IRVM was more beneficial than VE alone 

in terms of identifying best solutions for clients and best overall cost savings, 

among others. For example, in one case study it was observed that the 

application of an IRVM framework resulted in about 22% savings based on the 

original estimate despite additional capital cost. Hence, it can be reasonably 
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assumed that the application of an IRVM framework would result in better 

outcomes than the independent application of RMS and VMS. 

There are several approaches for integrating VMS and RMS. Ranesh 

et al., (2012a) investigated the applicability of integration in the project’s job 

plan through workshops and brainstorming in four infrastructure projects in the 

UK. The study concluded that when applying RMS and VMS together through 

the job plan, it significantly improved the project perfomnce. Moreover, the 

study identified that the efficiency of integration relies upon the time and 

budget constraints, in addition to the project’s complexity and client’s 

requirements. Other studies introduced a clearer methodology for integration 

between VMS and RMS. For instance, Othman (2005) introduced Value and 

Risk Management Protocol (VRMP). This protocol specified that the 

integration should be performed in three main phases (i) the pre-workshop 

phase that is used to collect data and information, (ii) the workshop phase in 

which the objectives and alternatives are defined and evaluated, and (iii) the 

post-workshop phase in which the best alternative is implemented and 

monitored. This was asserted previously by Mootanah et al., (1998) study, 

which highlighted that these stages are in line with the different risk 

management phases and therefore can be carried out simultaneously while 

performing VMS tasks. Table 3.8 demonstrates a comparison between VMS 

and RMS which helps define the similarities between the two systems in order 

to facilitate their integration process.  

Table 3.8: Comparisons between VMS and RMS (Hiley and Paliokostas, 2001)  

VMS RMS 

A systematic process is followed 
according to efficient way and fixed 
plan reflected in the Job Plan stages. 

A systematic process, included three 
distinct stages i.e., risk identification, 
analysis & response. 

Required a group activity of a multi-
disciplinary team at creative 
workshops. 

Required a group activity of a multi-
disciplinary team at creative 
workshops. 

Brainstorming technique is used to 
identify solutions to meet the required 
functions. 

Brainstorming technique is used to 
identify risks that affect project 
performance. 

A mean of defining project objectives. 
Ensuring project goals are not affected 
by uncertain risks. 
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Adds value by defining clearer goals, 
establishing communication between 
parties, avoiding conflicts, and reducing 
unnecessary costs. 

Adds value by making sure that all risks 
are managed efficiently and preventing 
future risk that affect project goals. 

A way to make decisions and to help 
clients to decide on an informed basis. 

A way to make decisions and to help 
clients to decide on an informed basis. 

Experienced facilitators are needed to 
guide community leaders.  

Experienced facilitators are needed to 
guide community leaders.  

Creativity is needed to set various 
solutions and achieve the required 
functions. 

Creativity is needed to determine 
potential risks and responding to them. 

Transformed from a hard to a soft 
approach (problem-solving, team 
building and communication). 

A soft system approach that emphasis 
on qualitative issues and the human 
aspect. 

A positive approach is required. A negative frame of mind is required. 

 

3.3.7. Integration Between VMS and EMS  

The report on the Statista website, published by Ian Tiseo in 2020, 

reveals that the rate of carbon dioxide emissions from the UK building sector 

have risen overall over the last 30 years. Emissions from this industry 

amounted to 8.9 million metric tonnes in 1990 and surpassed 13.4 million 

metric tonnes by 2018. The built environment affects the natural counterpart 

greatly. For example, globally, the built environment generates 30% 

greenhouse gas emissions, 32% of the natural resources and 20% of water. 

In addition, it consumes 30-40% of the global energy, which results in about 

45% of the total CO₂ emission. The Chartered Institute of Building (CIOB) 

suggested that, in the UK buildings, i.e., domestic and commercial, are 

responsible for 50% of the problems related to global warming (CIOB, 2010). 

However, the detrimental effect extends beyond running inefficient building 

stocks. Making new buildings is so detrimental on the environment that 30% 

of the waste in the UK is construction waste of which, 40% is generated by 

public sector and the rest by Small-to-Medium Enterprises (SMEs) (Zutshi and 

Creed, 2014), which account for over 99% of the contractor’s sector 

(Wedawatta et al., 2010). 

Identifying and managing the different aspects affecting the 

environment and the sustainability and performance of projects in short and 
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long terms can mitigate the effect of the construction projects on the 

environment. There have already been several attempts to take action to 

manage the environment more effectively. For example, the UK Government 

adopted an ambitious strategy for sustainable construction. This strategy aims 

at reducing 60% of CO₂ emissions, as estimated in 2008, by 2050 (BERR, 

2008). Furthermore, it also aims at making all the non-domestic buildings zero 

carbon by 2050 (BERR, 2008). In line with this strategy, London sets a target 

to reduce 60% of CO₂ emission by the end of the next decade. However, these 

objectives of the UK Government and more specifically London city face great 

challenges. Therefore, there is a need to focus on the new construction 

projects in which EMS should be considered from the early stages of the 

project in order to maximise its efficacy. This will make the achievement of the 

UK goals to minimise CO₂ emission feasible (UKGBC, 2009). Al-Saleh and 

Taleb (2010) investigated the integration of sustainability and VMS especially 

in the Gulf States. The study concluded that in most of the cases the 

integration is very weak; with the following reasons behind this abstention or 

procrastination in integrating sustainability in built environment projects: lack 

of infrastructure and government bodies to support the integration; lack of 

skilled workforce to implement and follow-up the integration process; and lack 

of awareness of the local regulations concerning the necessity of sustainability 

as a vital integral part of the project. 

In addition, Al-Saleh and Taleb (2010) addressed the fact that time 

constraints and the lack of codes and protocols could also put hurdles on the 

way of integration. Moreover, the focus on cost reduction rather than 

sustainability improvement can hinder the integration significantly. Al-Yami 

and Price (2006) pointed out that the cost of not considering sustainability has 

in fact increased due to increase in the consumption of energy and materials. 

Furthermore, Al-Yami and Price (2006) suggested that the only effective way 

to implement sustainability in projects is by changing the general view to focus 

on long-term value instead of short-term cost. Abidin and Pasquire (2007) also 

produced a framework of integrated aspects of sustainability through VM. 
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3.3.8. Integration Between FRMS and EMS  

It can be claimed that the integrated system would improve the 

functionality of each of its components, meaning any company with less 

implementation of the environmental management system can benefit from 

integration by ensuring the implementation of the EMS and ensuring that its 

benefits are obtained. Bosher et al., (2007) explained that the disaster risks 

could occur when there is a negative impact on the natural environment. 

Enshassi et al., (2008) asserted that the impact of the natural environment on 

increasing risk at construction sites is extremely high.  

To date, when this study has been carried out, no single study has been 

found in the literature concerning the integration between RMS and EMS. 

However, Bugdol and Jedynak (2014) pointed out to several similarities 

between EMS and RMS standards according to three main criteria; (i) the 

objective of a management system developed in terms of a given standard, (ii) 

the application of a standard as the basis for the organisational development 

of a business area; and (iii) the universality of a given standard. It has been 

shown that ISO standards of both RMS and EMS are compatible with these 

criteria because they are universal and have the same concern in risk 

reduction. This can be considered as a solid platform to support the argument 

of the significance of merging EMS with RMS in one single system. 

3.4. Different Integrated Management Systems Models 

Table 3.9 describes four different management systems integration 

frameworks that were proposed in previous studies.  

3.4.1. Abidin and Pasquire (2007) Model 

A structured model was proposed, which integrated elements of 

sustainability within VMS process. The flow of this model followed the vastly 

accepted the VMS process disused in section 2.3.1.1. The model proposed to 

offer clients the opportunity to concentrate on sustainability elements during 

the pre-workshop stage. These elements should be addressed in accordance 

with the benefit drivers of the client. Elements that benefit from the client's 

involvement would be viewed as part of the client's needs, and then taken to  
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Figure 3.5: Abidin and Pasquire (2007) Model 

the VMS workshop to be integrated into the functional analysis technique 

(FAST) discussed in section 2.3.1.2. The inclusion of these elements in FAST 

would ensure a continued attention in the workshop phase. Then ideas would 

be generated, and an optimal choice would be selected for further 

development. The sustainability aspects of the project, along with other 

important aspects such as expense estimation, time estimation and others, 

were to be emphasised while presenting the proposal. This model outlined the 
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likely path to bring sustainability elements to the attention of clients and other 

VMS participants and suggested that decisions made prior to the workshop on 

sustainability could influence the rest of the VMS process and would affect the 

extent of sustainability. 

3.4.2. Abdul-Hamid et al., (2011) Model 

Abdul-Hamid et al., (2011) study aimed to develop a model of 

integrated value management (IVM) as an assessment tool for Malaysian D&B 

construction projects (for both public and private sectors). The study 

responded to the results of Bowen et al., (2010) on the management of large 

projects, which was considered as a dynamic phenomenon and was a major 

challenge for the whole organisation. The study then developed a new 

approach to the shift from a value concept to an IVM in order to improve a 

building project perfomnce across its lifecycle phases. The idea of IVM was to 

integrate three main elements (VE, RMS and partnering). Since the 

opportunity to add value in construction projects is being diminished by poor 

construction projects performance, the study proposed that project 

management should accept the IVM as a key to successful project delivery. 

As shown in Figure 3.6, IVM was considered to be a CSF at each of the project 

stages during the pre-construction phase.  

 

Figure 3.6: Abdul-Hamid et al., (2011) Model 
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3.4.3. Feili et al., (2012) Model 

Feili et al., (2012) study aimed to integrate value and risk management 

systems. The integrated model was developed in four stages as shown in 

Figure 3.7.  

 

Figure 3.7: Feili et al., (2012) Model 
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In the first stage, the risk register was the repository for all potential 

risks. It was developed to have views on the range of the risk and the 

parameters affected. It provided a common, standardised format for the 

presentation of risk-related data, which was revised and maintained as a live 

document throughout the project lifecycle. The areas that may feature in the 

risk register document provide details related to detection, evaluation, and 

control processes.  

In the second stage, the main goal was to clarify the approaches used 

to determine risks identified in the previous stage, because without eliminating 

the risk, this could lead to needless extra expenses. Thus, the model proposed 

using VE knowledge as a tool to develop a strategic response and evaluate 

risk quantitatively. Risk mitigation was another technique used in this step with 

VE to reduce the likelihood of negative risks and threats, and also increase the 

profits of the positive risks and opportunities. The third stage was to response 

to identified risks in different ways such as avoidance, reduction to the level 

that could be accepted, transfer or acceptance. The last step was to track the 

risk to ensure that the project is able to achieve its financial objectives and 

then to monitor risks including continuous monitoring and assessment of the 

effectiveness and appropriateness of the risk management strategy. 

3.4.4. Takim et al., (2013) Model 

In the Abdul-Hamid et al., (2011) study, D&B contractors were asked 

to apply process involvement of IVM into project development through 

construction project phases, because the implementation of innovative 

integrated management system approach could greatly impact on the 

successful performance of D&B projects. The most important cost reduction 

advantage could be achieved from the implementation of VMS at the earliest 

stage of the D&B project. In the meantime, in particular during the early design 

phase of D&B projects, the constructability approach encourages knowledge, 

technologies and construction experience in order to achieve the overall goals 

of the project that reflect the technological elements needed as shown in 

Figure 3.8. Effective partnership arrangements for the social issues, 

particularly at the procurement process, could often reveal the quality-of-life 
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improvement throughout the relationship in form of shared confidence, 

cooperation, and engagement among project team members. Thus, this study 

revealed that the integrated approach of partnering, constructability and VMS 

were considered as one of the best solutions for reducing problems that occur 

in D&B projects. Since low construction project performance limits the 

opportunity to add value in projects, project managers should accept the 

integrated solution as a way of successful project delivery.  

 

Figure 3.8: Takim et al., (2013) Model 

3.4. Integration between VMS, FRMS, and EMS  

There are two key drivers, which would enable the integration between 

VMS, FRMS and EMS. The first is a generic one, which is derived from 

obtaining the general benefits of management system integration that are 

presented in Table 3.1. The second driver consist of a set of specific issues 

related to the three management systems. For instance, Berawi et al., (2013) 

reported that the biggest obstacles to the success of a project are the lack of 

engagement and support from top management, professional unethical 

behaviour, lack of monitoring, lack of managerial competence, and a delayed 

implementation plan. These aspects, if not treated appropriately, may cause 

overall poor management and additional costs and risks, which may result in 

low project performance and increased completion ineffectiveness. Such 

issues will most likely lead to adverse or complete ignorance of the impact of 
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the built project on the natural environment. This emphasises the need to 

consider value, financial risk, and environment simultaneously in an integrated 

system in the same project to maximise value, minimise financial risk, and 

reduce the impacts of D&B building projects on the natural environment while 

at the same time enhancing the project performance and effectiveness. 

3.5. Summary of Chapter 3 

The chapter began with demonstrating the concept of integration in 

management systems that was used in the construction industry. Separate 

sections have clarified the three main procedures for developing an integrated 

system, i.e. integration strategies, integration methodologies, and integration 

levels. Furthermore, the value of setting up integrated systems was highlighted 

by outlining a set of integration benefits that significantly influence the effective 

performance of construction projects. Studies to pave the way for the 

researcher to create an integrated management system between the three 

important management systems (value, financial risk, and environment) during 

the pre-construction phase were discussed in detail. In addition, barriers that 

prevent integrated systems from being implemented and applied in companies 

and projects were also examined in order to avoid or eliminate their impact 

when developing embedded systems. Several of the reviewed studies focused 

on risk and value integration, while some have attempted to integrate value 

and environmental management systems, and no single research has been 

reported to discuss the integration of environmental and risk management 

systems. Four selected structured integration models targeted various 

elements of integration were discussed to help build a process-map of the 

integrated value, financial risk, and environmental (IVREMS) once their 

positive impact on project performance has been identified. An integrated 

management system will therefore be developed, integrating VMS, FRMS and 

EMS for their importance.  

The next chapter will discuss the most critical factors that need to be 

considered in order to achieve an effective integrated system that can have a 

positive impact on the performance of D&B medium-sized building projects. 
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Chapter 4. Establishing the Critical Success Factors for 

Developing Framework of Integrated Value, Financial 

Risk, and Environmental Management Systems (IVREMS) 

 

4.1. Introduction to Chapter 4 

The aim of this chapter is to achieve the third objective of this study by 

formulating the conceptual model of the Integrated Value, Financial Risk and 

Environmental Management (IVREMS) system, which is based on a set of 

interrelated concepts derived from literature. Therefore, it firstly discusses the 

need towards achieving IVREMS. Secondly, the chapter discusses each 

component (factor) in the model, which were determined based on the 

intensive scrutinizing of the literature, and from the strength elements derived 

from the previous frameworks between different management systems that 

was discussed in Chapters 2 and 3. The five identified factors are value, 

financial risk, environment, continuous improvement, and integration. The 

chapter also aims to discover the critical susses factors (CSFs) that make each 

of these factors effective. Thus, it presents the CSFs for each of value, 

financial risk, environmental, continuous improvement, and integration 

elements in separate sections. In addition, it presents the performance 

indicators that are used to measure the performance of building projects. 

4.2. The Supportive Argument for Developing IVREMS  

IMS, the integrated management system, was established by merging 

OHSMS, QMS, and EMS for their importance during the construction phase, 

as discussed in Chapter 3. This research focuses on the pre-construction 

phase for its great importance in successful delivery of building projects. It was 

established in the previous chapters that VMS, FRMS, and EMS have great 

benefits when adopted in the pre-construction phase. Therefore, this research 

aims to integrate VMS, FRMS, and EMS under new a management system 

named Integrated Value, Financial Risk and Environmental Management 

(IVREMS) and investigates its effectiveness towards the performance of D&B 
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medium-sized building projects in the UK. Figure 4.1 presents the contribution 

of achieving IVREMS model to the body of knowledge.  

 

Figure 4.1: Researcher perception of the importance of conducting different 

management systems at the two major building project phases  

The RIBA stages (Plan of Work, 2013) and the Office of Government 

Commerce (OGC) Gateways process articulate when VMS, FRMS, and EMS 

processes should be applied in the procurement process of D&B. 

Nevertheless, the integration process advocates the use of the methodologies 

simultaneously and independently alongside each other. The process signifies 

the stages of the project at which the methodologies could be applied. It also 

indicates when each of the methodologies are required or not, or when only 

one methodology is required. Similarly, it is important to distinguish and 

confirm how an IVREMS process should be applied at different stages of a 

building project and to identify if the IVREMS is required at every stage of a 

project. 
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4.3. Developing the Framework of Integrated VMS, FRMS, and EMS 

System (IVREMS) 

A model is a systematic structure that can hold or support a theory of 

a research work which presents the theory to explain why the problem under 

study exists. Based on the theoretical underpinning, this model will 

conceptualise the links between the effectiveness of IVREMS and D&B 

medium-sized building project performance (outcome variables). Key 

Performance Indicators (KPIs) are general indicators of performance that 

focus on critical aspects of outputs or outcomes (Chan and Chan, 2004). 

According to Mbugua et al., (1999), performance indicators specify the 

measurable evidence necessary to prove that a planned effort has achieved 

the desired result. In other words, when indicators can be measured with some 

degree of precision and without ambiguity, they are called measures. 

However, when it is not possible to obtain a precise measurement, it is usual 

to refer to them as performance indicators.  

In this research, the model of the proposed new integrated 

management system of value, finical risk and environmental, are developed 

according to different frameworks and models that aimed to improve the 

project performance in different ways in the literature. In general, Zulu (2007) 

investigated the influence of project management processes on construction 

project performance through Structural Equation Modelling (SEM) which 

showed direct relation between them. More specifically, with reference to the 

management systems and performance, Saifulnizam and Coffey (2010) aimed 

to examine the effects of implementing VMS in Malaysian D&B construction 

projects and concluded that through contractors’ early involvement during the 

design stage, combined with the use of the VMS methodology, particularly as 

a decision-making tool, VMS can better optimise construction cost, thus 

promoting more efficient and effective constructability. A survey conducted by 

Chandra (2015) to examine the relationship between six risk factors and 

construction projects performance in Surabaya in Indonesia, based on SEM, 

concluded that financial risk had a high effect on project performance. EMS 

has also a key role in improving building project performance. Khadour and 

Darkwa (2008) integrated EMS into total quality management towards 
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sustainable developments in D&B projects in the UK. The study conducted a 

survey to get the KPIs for measuring TQEM and they were reflected through 

top management commitment, customer involvement and satisfaction, 

employee involvement and empowerment, client–supplier relationships, and 

process improvement and management. Demirkesen and Ozorhon (2017) 

investigated the effect of integration on the construction project performance 

using AMOS (analysis tool). The study showed that integration has a strong 

impact on performance. Lastly, as discussed in section (2.3.4), any project 

management system should deliver continuous improvement. This was 

highlighted in a recent study by Yasar et al., (2018) which used continuous 

improvement to mediate the effect between innovation and financial 

performance.  

The following sections discuss the items that make each of the 

identified five key integration factors (value, finical risk, environmental, 

integration, and continuous improvement) effective and end with the CSFs for 

measuring the building project performance. 

4.3.1. CSFs for Effective Value Management System 

Important in performance measurement is the identification of CSFs, 

which describe how a VMS study objective can be measured and achieved. 

Numerous studies have been carried out to classify the VMS CSFs. For 

example, a study carried out by Wilson (2006) suggests that clients’ full 

support and a good understanding of VMS processes are required for a 

successful VMS study. They also stressed that hiring skilled facilitators to 

promote the VMS study and including appropriate stakeholders while 

implementing the job-plan stages to be CSFs for VMS implementation. In 

addition, Shen and Liu (2003) provided a list of 23 CSFs after scrutinising the 

literature and surveying experienced VMS practitioners. The four highest 

ranked critical success factors were client’s support and active participation; 

having a clear objective for VMS study; having multidisciplinary teams; and 

having a qualified VMS facilitator, respectively. It is clear that all of these CSFs 

are at the strategic level and none of them is linked to the operational level. 

Similar CSFs were also identified by Fong et al., (2001) who identified; 
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management commitment; facilitator skills; brainstorming group effectiveness; 

and client satisfaction and engagement. 

The VMS studies vary from one project to another, depending on the 

type of the project. The VMS studies may also be categorised as multiple 

types, depending on the specific characteristics of a project (Male et al., 1998). 

Therefore, the framework developed to measure the VMS studies 

performance should be dynamic to meet the requirements of the different 

types of VMS studies (Lin et al., 2004). In addition, details of the differences in 

the application of performance measurement in different VMS studies should 

be provided in explicit way (Lin and Shen, 2007). A research conducted by 

Male et al., (1998) developed a framework for benchmarking to assess the 

performance of VMS, taking into account both subjective and objective 

indicators to identify the success of a VMS performance.  After developing the 

benchmarking framework, six CSFs were identified for VMS which are 

agreement to participate by all parties; senior management and participant 

support for value management; experienced facilitator; appropriate team skill 

mix; participation of decision-makers; and better workshop environment. 

Westerveld (2003) developed the Project Excellence model which 

used five different types of projects to provide guidance on the model's 

implementation. When assessing the output of various forms of VMS studies 

this approach can be adopted. However, there is still a lack of appropriate 

models to effectively take the non-financial and less tangible CSFs in relation 

to the VMS processes into consideratio. To address these shortcomings, an 

effective framework requires the following features: (i) the framework should 

assess not only the final results but also the VMS processes; (ii) the 

framework's data collection and analysis methods should be continuously 

promoted to provide timely input on corrective actions; and (iii) the 

measurement framework will include metrics such as client satisfaction, and 

enhanced interaction between stakeholders that is non-financial but essential 

to the performance of VMS studies (Lin and Shen, 2007). The last feature is 

essential as Lin et al., (2011) concluded that all of the previous studies focused 

on establishing frameworks for measuring VMS studies have not offered a 

detailed measurement framework. Thus, the study reported 18 Key 
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Performance Indicators (KPIs) out of 47 possible measures of success. These 

indicators were divided into three categories, as shown in Table 4.1, by 

adopting factor analysis technique, which presents the interrelationship 

between them depending on their properties, as predicting indicators, process-

related indicators, and result-related indicators as summarised below. 

Table 4.1: CSFs for Effective VMS (Lin et al., (2011) 

Predicting indicators 
1. Clear objectives of 

workshop.  
2. Client’s participation. 
3. Client’s support.  
4. Disciplines of 

participants. 
5. Qualification of 

facilitator. 
6. Relevant stakeholders’ 

support. 
 

Process-related 
indicators 
7. Background information 

collected. 
8. Client’s objectives 

clarified. 
9. Interaction among 

participants in each 
phase. 

10. Primary 
functions/processes 
identified. 

11. Project givens / 
assumptions clarified. 

 

Result-related indicators 
12. Percentage of action 

plan without uncertainty 
carried out. 

13. Quality of the report  
14. Accelerating the decision 

making. 
15. Client’s satisfaction 
16. Identifying and clarifying 

the client’s requirements 
17. Improving 

communication and 
understanding among 
stakeholders. 

18. Improving the project 
quality. 

 

4.3.2. CSFs for Effective Financial Risk Management System 

CSFs that have an influence on the efficiency of RMS in certain 

organisations or in various sectors have been targeted in studies conducted in 

different geographic locations. For example, a study was conducted in 

Tanzania by Agyakwa-Baah and Chileshe (2010), identified a risk 

management process awareness as one of 10 CSFs in the building industry 

and the other nine CSFs were: open and honest communication, recognise 

the value of risk management, positive human dynamics, goals and strategic 

objectives, management style, customer requirements, impact of environment, 

usage of tools, teamwork, and availability of RMS specialist. 

 Six CSFs were listed for effective RMS implementation by the Project 

Management Institute (PMI) (2009). The PMI report stressed that all 

stakeholders should broaden the commitment to RMS, accept responsibility 

for the decisions taken and deep understand the importance of RMS plus 

establish a great communication system. Furthermore, the PMI report 

emphasised that RMS process should be carried out as an integral part of the 
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project management process and scaled according to the project’s nature and 

size. In addition, the report added that in order to improve the effectiveness of 

RMS, focus should be paid to constantly enhance RMS by setting performance 

targets and evaluation tools, raise the participants’ skills, and allocate 

resources. Zhao et al., (2013) determined top four CSFs out of 16 for RMS in 

Chinese construction projects which were: commitment of the top 

management, identifying risks, analysing and responding, and setting clear 

RMS objectives. 

Despite the numerous studies on RMS, Yaraghi and Langhe (2011) 

argued that there is a lack of research on identification of CSFs in relation to 

RMS. Furthermore, they argued that there is a lack of quantification for the 

relative importance of these factors. In an attempt to address these issues, 

Yaraghi and Langhe (2011) identified several factors that influence the 

successful implementation of RMS (which were similar to the factors 

discussed above) by categorising CSFs under four categories namely: human 

resources; organisational structure; top management; and organisational 

culture strategy. The study suggested that RMS should have an open and 

honest communication structure which is vital for making RMS effective. All 

stakeholders should provide support and commitment to RMS processes and 

take on responsibilities as deemed necessary. Furthermore, it is important to 

establish a favourable organisational culture with top management support for 

RMS to flourish within an organisation. In addition, increasing the awareness 

of the benefits of RMS as well as increasing the skills of stakeholders in RMS 

would enhance the success rate of RMS process. 

Chileshe and Kikwasi (2014) assessed 10 CSFs and determined that 

awareness of risk management processes, teamwork and communications 

and management style were the top three CSFs for effective RMS in Tanzania 

construction projects. Effective RMS entails doing the right thing with respect 

to risk management process. Top management needs to embark on CSFs as 

means of minimizing or eliminating risks in their organizations. Studies 

worldwide have documented CSFs which serve as a cornerstone for managing 

risks. For instance, Grabowski and Roberts (1996) identified four important 

factors for risk mitigation which are organisational structuring and design, 
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communication, organisational culture, and trust between stakeholders. They 

also emphasised that communication plays a significant role in risk reduction, 

offering clarification opportunities, making sense of the success of the 

organisation, and exploring ways to strengthen the organisation and the 

effects of using various risk mitigation approaches. Culture has an impact on 

how risks are handled by organisations. This is emphasised by Grabowski and 

Roberts (1996) that risk management involves the combination of many 

cultures to make the system a unified whole in which each member 

organisation's deep beliefs and principles can be developed around the need 

to balance a reliability culture. Thus, training on integration is a critical factor 

in strengthening the skills to practitioners on any integrated system.  

Commitment and support from top management was found to be an 

essential factor in influencing RMS and achieving organisational objectives. 

For instance, Zwikael and Globerrsonz (2006) suggested that the high value 

of top management support is considered to be among the top CSFs in making 

RMS effective. Likewise, Hosseini et al., (2016) determined that the support 

from managers, inclusion of risk management in construction education and 

training courses for construction practitioners, attempt to deliver projects 

systematically, and knowledge and awareness of risk management process 

as critical success factors for implementing risk management systems in 

developing countries. More recently, Renault et al., (2018) considered that a 

lack of support from top management and management priorities are the main 

barriers to corporate risk management in small to medium-sized construction 

projects in South Africa. The study ranked 10 CSFs that influence the 

implementation of RMS as follows: risk response and action planning; 

communication; risk assessment; monitoring, review, continuous 

improvement; risk identification; resource requirement; risk measurement; 

defining project objectives; and organisational environment. Another study by 

Kikwasi (2018) summarised the CSFs for effective RMS under main CSFs 

categories, as follows: 

• Management approach: consisting of five CSFs with management 

style scoring high followed by allocating adequate resources and 

risk identification, analysis and response; goals and objectives of 
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the organization; risk management policy and experts; information 

technology and culture; environment and usage of tools; teamwork 

and commitment of the top management; communication and 

training.  

• Awareness of risk management process and legal framework: 

comprise of three CSFs with legal and regulatory compliance 

requirements scoring high followed by awareness of risk 

management process; risk monitoring and review. 

In a recent study conducted by Oliverira et al., (2018) aimed to identify 

CSFs, shown in Table 4.2, that have the highest influence on the RMS 

implementation, a survey was conducted, and 10 factors were ranked based 

on their importance. The CSFs were classified under four categories namely: 

strategic, operations, compliance, and communication. 

Table 4.2: CSFs for Effective RMS (Oliverira et al., 2018) 

Strategic  High management commitment 

Operations  Awareness and risk culture 

Operations Risk identification, analysis, and response 

Operations Risk communication 

Compliance Focal point for RM process 

Communication Institution’s compliance with laws and regulations 

Operations Risk indicators, monitoring, review, and improvement 

Strategic Tolerance and risk appetite 

Strategic Seizing opportunities 

Operations Resources availability 

4.3.3. CSFs for Effective Environmental Management System 

Agyakwa-Baah and Chileshe (2010) identified the environmental 

impact of the building projects as one out of ten CSFs. A performance of a 

construction project requires a focus on decreasing the resource usage and 

the environmental impact over the lifecycle of the building (Berawi et al., 2013).  

Welford (1997) argued that the formulation of an environmental strategy 

requires in-depth internal and external analyses. The study identified the main 

drivers for the development of EMS framework, i.e., consideration of the 

environmental legislation, green clients, cost reduction and new green market 

opportunities. New process management studies have begun to review 

process mechanisms and outcomes from the use of the natural environment 
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in decision making (Jagger et al., 2002). The project-level of EMS must clearly: 

(i) define environmental specifications, (ii) delegate management 

responsibilities and (iii) enforce control mechanisms for achieving successful 

transfer of environmental information through implementation (Griffith and 

Watson, 2004).  

Campos (2012) ranked the prerequisite drivers for implementing EMS 

for small and medium companies as follows: regulatory requirements; 

environmental aspects; legal requirements; compliance assessment; 

framework and accountability; expertise, preparation and awareness; EMS 

documentation; organisational control; and monitoring and measuring. 

Large contractors have the ability to face the challenges arising from 

environmental management requirements, including technology, human 

resources or certification investments. This, however, is not easy for small to 

medium-sized contractors. Consequently, promoting the environmental 

strategies of combined large and medium size contractors is considered an 

effective strategy for effectively green building activities at all levels (Qi et al., 

2010). Regulations were the main driving force behind the adoption of green 

innovation strategies and practises in project building (Fergusson and 

Langford, 2006). Fraj-Andres et al., (2009) indicated that penalties and fines 

for failing to comply with regulations have culminated in more collaborative 

behaviours between contractors towards the environment. Tam et al., (2006) 

highlighted that a crucial element impacting the implementation of green 

construction strategies to reduce environmental impacts is the engagement of 

top-level managers inside contractors' organisations.  

Additionally, managerial environmental concerns contribute strongly 

to the scope and speed of the responses of the businesses to environmental 

issues (Sharma, 2000). Furthermore, the managerial beliefs of the value of 

input from stakeholders are connected to a more positive approach towards 

environmental commitment (Spangenberg et al., 2003). Rising environmental 

consciousness among managers is an important part of implementing ISO 

14001 in the construction industry (Sakr et al., 2010). According to Fergusson 

and Langford (2006), companies are likely to adopt an innovation strategy for 

the environment if their managers assign great value to and show concern 
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about environment and its protection. Most of the CSFs for effective EMS 

described in Table 4.3, are of a general nature and can therefore be used by 

any company regardless of its sector, size, or scope nature. These are 

summarised under four main groups, namely leadership and support for 

management; internal analysis; learning and training; and sustainability 

(Zutchi and Creed, 2004). 

Table 4.3: CSFs for Effective EMS (Zutchi and Creed, 2004) 

1. Management Leadership and Support 
Providing Leadership. 
1.1. Motivation to all employees. 
1.2. appointing a manager for 

implementing and progressing the 
environmental programs. 

1.3. Assisting the EMS implementation 
manager in finalising realistic and 
achievable objectives and targets. 

1.4. Allocating time for communication, 
training, motivation, etc. during the 
EMS adoption stages. 

1.5. Providing adequate and timely 
resources for implementation of 
the changes required as part of the 
EMS implementation. 

1.6.  

2. Internal Analysis 
2.1. Conducting cost-benefit analysis. 
2.2. Reviewing initial environmental 

analysis. 
2.3. Identification of impacts and setting 

of objectives and targets. 
2.4. Necessity and usage of audits. 
2.5. Document control system. 
2.6. Integration of existing management 

systems. 
 

3. Learning and Training  
3.1. Learning from other organisations’ 

experiences and benchmarking. 
3.2. Reference to industry guidelines & 

standards. 
3.3. Employee induction and training. 
3.4. Training and awareness for all 

stakeholders. 
 

4. Sustainability 
4.1. Life cycle analysis (LCA) can be 

defined as “a tool used for 
evaluating the environmental 
impacts of a product or service 
throughout its entire life” (Jackson, 
1997). 

4.2. Identification of areas of 
environmental impact in order to 
enable future assessment. 

4.3. Quantification of energy and 
materials input, emissions, and 
waste outputs and any other 
potential area of environmental 
damage. 

4.4. Assessment of the environmental 
impact and impact mechanisms; 
and establishment of options and 
strategies for improving each stage 
of the life cycle of the product. 

4.5. Design for environment. 
4.6. Industrial ecology. 
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4.3.4. CSFs for Continuous Improvement in Management Systems  

An effective management system should deliver a continuous 

improvement. A system that constitutes this feature is often defined as a 

dynamic system whereas those lacking it are classified as static. It was 

mentioned in the IMS section in Chapter 3 that the mode of the QMS can 

change from static to dynamic when it is integrated with EMS and OHSMS. 

Therefore, the continuous improvement is a cornerstone of lean planning, 

which can be built through management leadership (Holtskog, 2013). 

Furthermore, the continuous improvement is also regarded as one of the main 

elements of quality improvement approach (Bon and Mustafa, 2013). 

According to Kaye and Anderson (1999), ten parameters for 

implementing continuous improvement are identified and presented as 

follows: senior management engagement and involvement; leadership and 

proactive contribution to continuous improvement exhibited by managers at all 

levels; emphasis on client’s needs; integrating continuing development efforts 

into strategic goals; establishing a culture of continuous improvement and 

encouraging innovation of high involvement; focusing on people; focusing on 

critical processes; standardising achievements in a documented quality 

management system; and setting-up measurement and feedback systems; 

learning from continuous improvement results;  and sharing of learning (do the 

job right the first time and a systems approach to work). 

Yaraghi and Langhe (2011) considered continuous improvement as a 

critical success factor in formulating RMS framework. Abd-Karim et al., (2011) 

found out that the integration between VMS and RMS allows for better records 

of quality improvement. Furthermore, the combination of VMS and sustainable 

construction gives clients the opportunity to see the entire image of sustainable 

construction, and to use VMS's capacity for quality development to create 

positive value in the project and make efficient use of all disciplines during the 

strategic briefing (Al-Yami and Price, 2006). A study by Jorgensen (2008) 

emphasised the importance of considering continuous improvement when 

aiming to achieve the highest degree of integration. 
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Furthermore, Khadour et al., (2009) proposed an integrated model, 

Total Quality Environmental Management (TQEM), by merging EMS into Total 

Quality Management (TQM) where continuous improvement was one of the 

main elements in developing the model. They suggested that management 

teams and employees should work systematically towards the environmental 

performance improvement as the involvement of employee in TQEM is a key 

to its success that ensures the continuous improvement (Khadour et al., 2009). 

Prashar and Antony (2018) reviewed 81 scientific researches on continuous 

improvement and summarised the CSFs for successful continuous 

improvement implementation as follows: top management commitment; 

respect for people through leadership behaviours and business practice; 

employee commitment and engagement; staff empowerment; importance of 

local context; right project selection; project team selection; management 

control; linking continuous improvement efforts to business; and flexible 

approach. 

 

Figure 4.2: Model of continuous improvement in productivity 

Yasar et al., (2019) investigated the mediating effect of continuous 

improvement on the relationship between innovation and financial 

performance using the Barron and Kenny steps, where the continuous 

improvement has shown to have a full mediator’s role between innovation and 
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financial performance and was measured by four factors; process 

management, management support; supplier quality management and lean 

construction. Figure 4.2 presents a model for continuous improvement in 

productivity; it includes setting goals by the management team, measuring 

selected work, carrying our reviews, documents, and feedback, having 

effective communication between team, quality management, setting 

benchmarking, and applying lean construction are important components in 

improving management systems. 

4.3.5. CSFs for Effective Integrated Management System  

It should be emphasised that the success of the integration process 

depends not just on the choice of an implementation model, but also on certain 

key factors. These key factors include having a clear focus, a shared 

understanding of integration structure and processes, full adoption of the 

integration model, and complete implementation of model steps such as PDCA 

steps (Dalling and Holt, 2012).  In this context, Ranesh et al., (2012a) defined 

four main CSFs for successful integration between management systems 

including the availability and adoption of appropriate integration standard, 

appropriate linkage between the tasks and phases of the systems: 

determination of the degree of integration and, finally, selection of appropriate 

integration techniques, e.g., brainstorming. Table 4.4 outlines the key aspects 

of three different models, namely: total quality model, process model, and 

system model, in order to ensure efficient management systems integration. 

Table 4.4: Aspects of Three Models of Management Systems Integration (Alaqad et 

al., 2015) 

Model Model Main Stages 

Total Quality Model 
Wilkinson and Dale (2001) 
 

• Goals determination. 

• Resources integration. 

• Processes integration. 

• Planning, controlling, and implementing 
processes. 

• Evaluating results and redefining goals. 

• Continuous improvement cycles. 
 

Process Model 
Pun and Hui (2002) 
 

• Planning objectives and tasks 
determination. 

• Integration implementation and evaluation 
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• Installation. 

• Measuring results and standardizing 
procedure. 

 

Systems Model 
Karapetrovic and Jonker (2003) 
 

• Goals determination. 

• Planning and designing processes. 

• Acquiring resources. 

• Deploying resources. 

• Implementing processes. 

• Evaluating results. 

The outcomes of the application of a unified management 

system in terms of its derived benefits are also among the CSFs that 

encourage the adoption and implementation of an integrated system in 

managing building projects, as described in section 3.3.1. 

4.3.6. Key Performance Indicators of D&B Medium-Sized Building 

Projects 

There is a difference between how the project perform and what takes 

for it to be considered successful. There are Key Performance Indicators 

(KPIs) for measuring the performance of a project whereas CSFs are utilised 

for evaluating the project success. KPIs are parameters used to quantify the 

efficiency and/or effectiveness of a past action (Neely et al., 2002). Thus, KPIs 

are classified as core elements of any performance measurement framework. 

KPIs are general performance indicators that concentrate on outcomes or 

critical outputs (Chan and Chan, 2004). On the other hand, CSFs are defined 

as factors predicting the success of projects in the context of construction field 

(Sanvido et al., 1992). For instance, the identification of CSFs, which describe 

how an objective of VMS studies can be measured and achieved, is important 

in performance measurement (Lin and Shen 2007). Each CSF should have a 

few KPIs that can be measured and quantified (Lin et al., 2011). Surlan et al., 

(2016) explained that CSFs were introduced as a means of measuring client 

value system. In addition, CSFs were used to steer the project brief in a 

direction that will help achieve the desired expectations of the client. However, 

CSFs can also be used for the assessment of whole lifecycle performance, as 

suggested by Park (2009). 
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Several previous studies focused on determining the CSFs of building 

projects’ performance. Chan et al., (2004) reviewed 43 journal articles and 

identified 44 factors under five groups that can influence the project success. 

CSF studies for a building project are considered as a method to improve the 

project's effectiveness and efficiency. A study was carried-out by Demirkesen 

and Beliz (2017) to examine the relationship between project performance and 

its success by adopting Structural Equation Modelling (SEM), the result proved 

a direct relationship between increased performance and the project success. 

Muller and Turner (2010) divided CSFs into five categories including 

leadership and team, policy and strategy, management of stakeholders, 

resources, and contracts. Nevertheless, Muller and Turner (2010) noted that 

while understanding the need for different management strategies, the 

literature typically does not ask how specific performance criteria are 

applicable to different project types, and whether they would respond 

differently against such different success criteria. However, a study carried out 

by Westerveld (2003) demonstrated relationships between success criteria 

and project types. They identified six groups of success criteria, namely project 

results2 (time, cost, and quality), appreciation of the client, project personnel, 

users, contracting partners, and stakeholders to develop the project 

excellence model, which was derived from the EFQM model. A study by Doloi 

et al., (2011) showed that every single construction project is unique and 

consists of unique complexities and different risks in several areas during the 

construction operations. This also occurred by Bassioni et al., (2004) who 

mentioned that each project is unique in its features. The study concluded that 

the growing in the design complexities and involvement of multiple 

stakeholders in the current building projects create potential difficulties for both 

clients and contractors in balancing the skills and capabilities needed to deliver 

the project successfully. Furthermore, Doloi et al., (2011) also demonstrated 

how the contactors' skills and experiences play a critical role in the successful 

delivery of a building project. Choosing contractors is crucial in producing 

positive project performance.  

 
2 Also known as a fundamental three bottom lines of a project. 
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The common method of assessing the project performance mainly 

focuses on three indicators: time, cost, and quality which do not have a 

balanced perspective when evaluated (Kagioglou et al., 2001). Yet the 

performance of a project should be assessed more comprehensively. KPI 

Working Group (2000) established a framework of KPIs of seven key 

performance indictors which include time, quality, cost, change orders, client 

satisfaction, health and safety, and business process.  

A study in the UK by Wong (2004) identified eight CFSs for a 

successful construction project which are staff experience, availability of 

resources, effective time management, site management, effective cost 

management, managing health and safety, targeting quality, and contractor 

experience. Cheung et al., (2004) identified project performance categories 

such as people, cost, time, quality, safety and health, environment, client 

satisfaction, and communication.  Lam et al., (2007) ranked the KPIs for a D&B 

projects in Hong Kong as the following: time cost; quality; functionality; low 

accident rate; minimal claims and disputes; environmental consciousness; 

aesthetic purpose; learning value expectations of project participants; and 

professional image. Ikediashi et al., (2012) found eight most important KPIs 

used for measuring performance of Design and Build projects in Nigeria as 

follows (in order of importance): health and safety; quality of work; cost per 

unit; job cost reporting; quality of work; time performance; motivation; and 

resource management. Constructing Excellence, which aims to improve 

construction performance in order to produce a better built environment in the 

UK, developed a set of performance indicators and classified them into three 

main groups namely, economic, social, and environmental perspectives 

(Constructing Excellence, 2009). The organisation also identified 11 KPIs 

including client satisfaction, defects, productivity, predictability cost and time, 

health and safety, construction cost and time, variance cost and time, 

environmental impact, contractor satisfaction, profitability, and social 

indicators. 

Zulu (2007) used 4 KPIs to measure the project performance in his 

model to examine the relationship between the project management 

performance and project performance. These KPIs were cost, time, quality, 
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and client’s satisfaction. Wibowoa et al., (2015) adopted 6 KPIs developed by 

Soemardi et al., (2006) as shown in Table 4.5. These were project 

performance variables consisting of six categories namely cost, quality, time; 

safety, productivity; and project environment. 

Table 4.5: CSFs for Project Performance (Wibowoa et al., 2015) 

1. Client Perspective 

1.1. Client satisfaction for 
quality level  

1.2. Degree of quality of 
finished project  

1.3. Client satisfaction of on 
time completion  

1.4. Client satisfaction 
meeting budget  

1.5. Client requirements and 
assistance  

2. Financial Perspective 

2.1. Project profitability  

2.2. Project cost  

2.3. Project cash flow  

2.4. Meeting budget 

2.5. Project Productivity 
 

3. Internal Business Process 
Perspective 

3.1. Project quality level  

3.2. On time completion  

3.3. Defects level  

3.4. Machinery and manpower 
capability  

3.5. Project efficiency  

3.6. Flexibility of internal 
processes and nature of 
project  

 

4. Project Team Perspective  

4.1. Proper selection of 
project team. 

4.2. Project team efficiency. 

4.3. Project team satisfaction 
level. 

4.4. Degree of project 
teamwork and 
partnerships.  

4.5. Team appraisal levels.  
 

5. Health, Safety and Socio-
Environmental 
Perspective. 

5.1. Number of health and 
safety issues. 

5.2. Level of construction 
waste and sustainability.  

5.3. Environmental Impact 
Assessment (EIA) score.  

5.4. Number of socio-
environmental 
complaints. 
 

6. Innovation, Learning and 
Growth Perspective. 

6.1. Continuous Professional 
Development (CPD).  

6.2. Investment on research 
and development. 

6.3. Number of skills 
developed.  

6.4. Technological 
enhancement. 

6.5. Macroeconomic aspects 

and external factors.  

Data obtained from 61 contractors through a questionnaire survey and 

interview were analysed using a Partial Least Square Structural Equation 

Modelling (PLS-SEM). The findings have demonstrated that bidding strategies 

directly affect project performance and that bidding strategies indirectly affect 

company performance (Wibowoa et al., 2015). The relationship between 

company performance and bid strategy is mediated positively by project 

performance. Wadugodapitiya et al., (2010) prioritised different KPIs 

perspectives of the building projects within the Building Project Performance 

Evaluation Model. These KPIs perspectives are summarised below in Table 

4.6. 

Table 4.6: Summaries of CSFs for Project Perfomnce in Various Studies (Ali et al., 

2012- modified) 

Research  CSFs for Project Performance  
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Pillai et al., (2002)  
 

Benefit, cost effectiveness, risk, customer 
commitment, project status, stakeholders, decision 
effectiveness, project management, and production. 

Rankin et al., (2008) Cost, scope, time, Innovation, quality, sustainability, 
safety, and client satisfaction. 

Luu et al., (2008)  
 

Construction cost, team performance, construction 
time, change management, customer satisfaction, 
material management, quality management, and 
safety. 

Skibniewski and Ghosh 
(2009) 

Construction cost, design defects, construction time, 
and client’s satisfaction. 
 

Toor and Ogunlana 
(2010) 

Construction time, health and safety, project budget, 
design defects, specifications, stakeholders, and 
disputes. 

Construction Industry 
Institute (2011) 

Cost, accident, schedule, rework, changes, and 
productivity. 

 

4.4. Developing the Proposed Conceptual Integrated System of 

Value, Financial Risk, and Environment [IVREMS Model]   

The conceptual framework integrates different dimensions into one 

area, and it is used to organize ideas and make conceptual distinctions 

(Bhattacharya et al., 2013). Thus, the significance of the conceptual framework 

lies in its ability to incorporate different themes of the research objectives into 

a common ground. Our proposed framework will incorporate several 

dimensions of value management, risk management, environmental 

management, and D&B building project performance. The purpose of the 

framework is to better understand the different factors controlling the 

effectiveness of IVREMS and the D&B building project performance. The 

research conceptual model is to explore which factors have influence on 

making IVREMS effective in related to improve the performance of D&B 

medium-sized building projects.  

The research conceptual model is to explore which factors have 

influence on making IVREMS effective for improving the performance of D&B 

medium-sized building projects. This conceptual framework, which is shown 
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in Figure 4.3, was developed based on the secondary data collected through 

critical review of the literature findings. The next stage of this research consists 

of interviews with practitioners in D&B projects to verify these factors and their 

items to build the model which will be discussed in detail in Chapter 6. This 

helps the research hypotheses to be tested quantitively in the final stage of 

this study as presented in Chapter 8. 

 

 

 

4.5. Summary of Chapter 4 

This chapter laid the theoretical foundations for possible integration of 

VMS, FRMS, and EMS at the preconstruction phase in D&B medium-sized 

building projects in the UK. The Chapter also helped determine five main 

factors that should be considered to ensure creating an effective integrated 

system. To measure each of these five factors, lists of CSFs were identified 

individually. In addition, key performance indicators that measure the 

performance of building projects were discussed in detail. There were no 

previous studies found in the literature investigating the impact of these five 

factors on the performance of D&B medium-sized building projects. There is 

Figure 4.3: The Proposed Conceptual Model of IVREMS 
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also a lack of empirical evidence of the impact of the five factors on the 

effectiveness of an integrated management system. The main emphasis of 

this research is to identify the knowledge the gap in the literature by 

establishing the relationship between the proposed integrated system 

(IVREMS) and the performance of D&B medium size building project. Thus, 

this chapter ends with developing a conceptual model. The conceptual model 

of IVREMS was proposed to understand the interactions between the five 

factors that could have an impact on the effectiveness of IVREMS, and also 

the relationship between the effectiveness of IVREMS and the performance of 

D&B medium-sized building projects. 
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Chapter 5. Research Design, Methodology 

and Methods  

 

5.1. Introduction to Chapter 5 

This chapter focuses on the research philosophy and paradigm, the 

relevant application of research approach, and lastly, the selection of research 

strategy and methods of collection and analysis data to answer the research 

aim and objectives, which are outlined in Chapter 1. This chapter also explore 

a selection of the suitable methods to analyse the practitioner’s perception of 

developing IVREMS, and to find how the relationship between the 

effectiveness of IVREMS and the performance of D&B medium size building 

projects can be examined. 

5.2. The Research Philosophy 

The research philosophy is related to the nature of knowledge and 

how to develop this knowledge. The selection of research philosophy is mainly 

influenced by how the researcher view the world, also by their views to accept 

new knowledge, and the procedures to develop it (Saunders et al., 2012). Tuli 

(2010) illustrated that the choice of the research methodology relies on the 

paradigm, which directs the study activities, in particular on three dimensions. 

The first (ontology) is based on convictions about the nature of reality and 

humanity; secondly (epistemology), the theory of knowledge which informs the 

research; and the last (methodology) is how this knowledge can be obtained. 

All three dimensions of ontology, epistemology, and methodology are 

explained in another way by Walliman (2006) who stated that ontology 

concerns with what is out there to be researched while epistemology is about 

how researchers can understand a subject, and their perception of acceptable 

knowledge in that subject. In order to understand and develop new knowledge, 

researchers select various philosophies assumptions (Saunders et al., 2012). 

Neuman (2011) explained that each study focuses on epistemological and  
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Figure 5.1: The Flow in a Research (O'Gorman and MacIntosh, 2016) 

ontological believes whether the researcher admits these terms or not, 

and most often the researcher’s methodological selections are implicitly the 

bases of these assumptions of philosophies. Easterby-Smith et al., (2019) 

described the ontology, epistemology, methodology and methods and 

techniques as a tree trunk which are named and ordered in accordance with 

the visible parts of the project. 
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The inner ring of the tree trunk is the densest part that represents the 

ontology, the second ring from the centre represents epistemology, and the 

third ring represents the methodology, which is the way in which methods and 

techniques are put together to formulate a coherent picture of the research. 

Lastly, the outer ring represents the methods and techniques used for data 

collection and analysis. It was emphasised that the three hidden inner rings 

make crucial contributions to the strength of the research project. O'Gorman 

and MacIntosh (2016) diagrammed the research steps as shown in Figure 5.1. 

The green boxes selections on Figure 5.1 will be explained in the following 

sub-sections. 

5.2.1. Ontological Consideration  

Ontology concerns the questions of the nature of reality (Quinlan, 

2011), and the assumptions made by scholars on how the universe works and 

their adherence to specific views (Saunders et al., 2012). Easterby-Smith et 

al., (2019) addressed four different ontological positions in social sciences 

research, namely: realism, internal realism, relativism, and nominalism. A 

long-standing position of realism affirms the world in both concrete and 

external dimensions, and that the science could only proceed through 

observations that corresponds directly to the phenomena under investigation. 

The next stance is internal realism, which maintains a single reality, but claims 

that the researchers never have direct access to the reality, and that is only 

possible to obtain indirect evidence of what is happening in basic physical 

procedures. Relativism goes further by suggesting that there is more than one 

reality to be discovered, and facts are created by researcher. Lastly, the 

nominalism suggests that there is no any reality, and facts are only created by 

people. Bell et al., (2019) classified the positions in ontology under two key 

ponds: objectivist position, which considers social phenomena and its 

significance as existing separately from the researcher, and constructivist 

position, which indicates social phenomena are generated by social 

interaction. 
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5.2.2. Epistemological Consideration 

Epistemology concerns the theory of knowledge (Saunders et al., 

2012), questions of what can be considered appropriate knowledge in a 

subject (Bryman, 2008), and the nature of the interaction between the 

researcher and the knowledge discovered (Guba and Lincoln, 1994). Quinlan 

(2011) explained that the questions related to the research methodology and 

the methods chosen for the research are formulated on the basis of the 

knowledge understanding of the researcher and the way in which the 

knowledge is generated, in particular the question of the validity of the new 

knowledge. Easterby-Smith et al., (2019) proposed two epistemological 

positions, positivism and social constructionism. The position of positivism 

promotes the application of natural science methods to the study of social 

reality and beyond. This position in epistemology includes aspects of both 

inductive and deductive methods (Bryman, 2008). Positivism has elements 

that are reductive, logical, cause-and-effect-oriented, and deterministic 

depending on the previous theory, with an emphasis on the empirical 

compilation of information (Creswell, 2012). Social constructionism, also 

known as interpretivism, relies on how individuals create the meaning of the 

world, in particular by exchanging their experiences with others in less 

complicated language. Researchers in social constructivism have set their 

positions in the study to show how their understating derives from their own, 

historical and cultural backgrounds (Creswell, 2012).   

This research adopts both epistemology positions because the 

research tends to be proportionate to the research nature, aim and objectives. 

From positivism perspective, this research examines a group of hypotheses 

using statistical methods, and from the point of view of social constructionism, 

the research conducts interviews to investigate the experiences and 

perspectives of the subjects under investigation. 

5.2.3. Methodological Consideration 

Methodology concerns how data is produced and analysed in a 

structured way. It also applies to the theory that directs the researcher about 

how the information can be collected. Methodology can be categorised on the 
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basis of ontological and epistemological views (Quinlan, 2011). In the first part 

of this research, a phenomenological qualitative approach is followed. Semi-

structured interviews with experienced professionals are normally used with 

the phenomenological approach (Creswell, 2009). Creswell and Clark (2018) 

described the qualitative approach, explaining that phenomenology is not just 

a description, but is also an interpretive method through which the researcher 

interprets the significance of the lived experience. In the second part of this 

research, an experimental quantitative research strategy is adopted. 

Questionnaire survey is the most popular method used with the quantitative 

strategy. Questionnaires are distributed to professionals (Saunders et al., 

2012) in managing D&B building projects as an experimental survey. A 

detailed explanation of the research design and methods of data collection is 

given in sections (5.5) and (5.6) respectively. 

5.3. The Research Paradigm 

As defined by Harre (1987, p.3) a paradigm is “a combination of a 

meta-physical theory about the nature of the objects in a certain field of interest 

and a consequential method which is tailor-made to acquire knowledge of 

those objects”. A set of Sequential procedures to develop a research project 

is presented by Creswell and Clark (2018) in Figure 5.2. 

 

Figure 5.2: The Four Levels to Develop a Research Study (Creswell and Clark, 

2018) 
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The research paradigm selected by every single researcher appears 

to rely on their understanding of what the true world reality is (ontology) and 

how they know it to be the real truth (epistemology). Denzin and Lincoln (2008) 

also described the research paradigm as a network containing the 

researcher's epistemological, ontological, and methodological assumptions. It 

can also be characterised as a cluster of beliefs that determines how research 

should be conducted (Love et al., 2002). The research paradigm is the “mental 

window” from which the researcher sees the universe (Creswell and Clark, 

2018). Thus, worldview term is often used synonymously with paradigm. 

According to Creswell (2012), paradigms are used in social science as a 

viewpoint or reference structure for viewing the social universe, consisting of 

a collection of principles and assumptions. Researchers have different views 

and ways of seeing and communicating within their surroundings. There are, 

however, some guidelines and rules that drive the researcher's beliefs and 

actions. Consequently, to clarify the researcher’s structure of inquiry and 

methodological determination, an outline of the paradigm adopted in this 

research is discussed first in the following sub-sections. 

5.3.1. Postpositivism 

Positivism seeks to solve key practical issues, explore accurate causal 

relationships using statistical analysis, and search for law-like generalisations 

(Kim, 2003). Postpositivist assumptions are more related to quantitative 

research than qualitative research and have exemplified the traditional type of 

research. This paradigm type is also referred to as the scientific method, doing 

science research, empirical science, and positivist or postpositivist research 

(Creswell and Clark, 2018). According to Mertens (2010), the post positivism 

paradigm believes that it is essential to consider the objectivity and 

generalisability. However, it was suggested that the researchers should modify 

the claims in order to understand the reality based on probability rather than 

certainty (Mertens, 2010).  
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5.3.2. Constructivism 

Constructivism is an approach to qualitative research (Creswell, 

2012). Creswell (2012) described the constructivism paradigm as seeing the 

truth as subjective rather than objective. Constructivists do not believe that 

there is objective truth and deny that there is a single right understanding by 

which all empirical research results must be measured (Candy, 1991). Social 

constructivist scholars concentrate on interaction processes between 

individuals and particular contexts of people living or working to explain the 

cultural and historical circumstances of the participants (Creswell, 2012). 

Subjective meanings of the individual’s experiences are developed and 

directed towards specific issues or objects. These subjective interpretations 

are numerous and distinct, prompting scholars to seek the complexity of their 

views rather than restricting their meanings to a few suggestions. 

Constructivist scholars aim to view the meanings of the person regarding the 

universe rather than beginning with the theory as a method in the post-

positivist paradigm (Creswell and Clark, 2018). Therefore, the research aim 

depends on the participants views of the situation being researched. There are 

interactions and discussions with other people, and the questions are mostly 

generic and wide-ranging so that the participants can create the context of the 

situation. Questions normally used in this paradigm are open-ended, so 

respondents could provide additional information about the life settings that 

help the researcher. 

5.3.3. Transformation  

The transformative-worldview research has been found when 

individuals realised that the postpositivist assumptions set up theories that 

were not suitable for certain issues e.g., inequality, oppression, empowerment 

and discrimination that needed to be researched. The transformative-

worldview researchers normally begin their investigation by centring one of 

these social-related problems. These societal problems apply to politics and a 

change in the political agenda to tackle social oppression. Therefore, this sort 

of study has the ability to improve the life of the participants by providing a 

reform action agenda. For this reason, participants may get involved in setting 
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the research questions, and analyse data besides collecting it (Creswell and 

Clark, 2018). 

5.3.4. Pragmatism  

From a pragmatist perspective, knowledge is generated from learning 

from experiences and outcomes of actions (Morgan, 2014). Bell et al., (2019) 

stressed the significance of having more than one method for data collection 

to guarantee that the data gathered is overlapped and confirmed in order to 

reflect accurately on the organisational perceptions. The adoption of each 

quantitative or qualitative strategy, or both, depends on the aim and questions 

of the study, whether using inductive or deductive reasoning approach 

(Saunders et al., 2012). Taking advantage of the strengths behind each 

approach is central to the use of mixed methods. Johnson and Gray (2010) 

suggested mixed-methods research for pragmatism. In this paradigm, the 

ontological and epistemological roots of quantitative and qualitative strategies 

are equally valid and can therefore be synthesised according to the needs of 

the research questions. Researchers are not restricted to obtain new 

knowledge by being bound to a particular ontology or epistemology, but rather 

the choice of research methods, and their synthesis, depending on the nature 

of the research question (Creswell, 2012). Tuli (2010) emphasised that upon 

choosing the pragmatism paradigm, the determination of mixed-method 

strategy helps researcher to effectively choose various data collection 

methods that allow data triangulation. Based on the abovementioned 

description, this research falls under the pragmatist perspective.  

5.4. Research Approaches  

Based on the rationale followed by the researchers, Both Saunders et 

al., (2012) and Walliman (2006) describe three primary approaches to social 

science research, as deductive, inductive, and abductive. The following sub-

section illustrates each of these three approaches. 
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5.4.1. Deductive, Inductive, and Abductive Approaches 

  Deductive reasoning appears within current knowledge or theoretical 

limits where data is collected in order to reject, refute or verify the theory 

(theory to data), whereas the inductive reasoning seeks to produce a theory 

or expand current theories (data to theory) (Bryman, 2008; Fellows et al., 

2008). The abductive reasoning is a mix of both inductive and deductive. It 

also includes inductively forming hypothesis based on assumptions and then 

deductively charting their effects until they are tested to create or modify 

current theory (Walliman, 2006). Since reviewing the literature, undertaking 

semi-structured interviews, help the researcher to inductively explore the data 

obtained and construct a theory whereas using questionnaires helps validate 

the hypotheses, this study follows an abductive reasoning approach. 

5.5. Research Design  

The research design is the procedures that determine the steps, 

starting from the assumptions, through the data collection methods and 

analysis, to the interpretation of the results (Creswell, 2012). Three 

classifications of the research strategies are quantitative, qualitative, and 

mixed methods that are discussed in the following sub-sections, respectively. 

5.5.1. Quantitative Research Strategy  

Quantitative research strategy is a scientific approach to thinking 

about the world. It uses deductive reasoning (testing theories and 

presumptions), which implies a rational method of creating a conceptual and 

theoretical structure to be tested in an empirical study (Bryman, 2008). 

Quantitative researchers often formulate hypotheses and then test them 

empirically to see if they are accepted or rejected (Antwi and Hamza, 2015). 

Creswell (2009) emphasised that using quantitative research enables the 

researcher to examine the relationship between different variables in order to 

test objective theories. In addition, Creswell (2009) illustrated that 

experimental and non-experimental designs are the two strategies of inquiry 

associated with quantitative research. The survey is a popular strategy that is 

always harnessed for exploratory and descriptive research by answering the 
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research questions starting with who, what, where, how much, and how many 

(Saunders et al., 2012).  

5.5.2. Qualitative Research Strategy  

The qualitative research strategy is a descriptive approach that allows 

researchers to explore and understand the meaning of individuals or groups 

for a social or human problem (Creswell, 2014). It is also described by Higgins 

and Green (2008) as “based on interpretivism, a philosophic idea that there is 

not only one reality, but several realities or truths”. It is a method of scientific 

inquiry for exploring people’s experience in personal and social contexts, and 

to understand the factors that could affect these experiences (Gelling, 2015). 

Qualitative questions are normally seeking to explore and understand the 

meaning of the context and the questions start with ‘what’ or ‘how’. ‘describe’, 

‘explore’ and ‘discover’ (Gelling, 2015). There are five approaches of inquiry 

associated with qualitative research identified by Saunders et al., (2012) 

including grounded theory, narrative research, phenomenology, ethnography, 

and case study.  

5.5.3. Mixed Method Research Strategy 

The mixed method strategy is a methodology in which single research 

uses both quantitative and qualitative methods. This would help gain a deeper 

insight into the range of phenomena that cannot be adequately explained or 

investigated using a single method (Venkatesh et al., 2013).  Quinlan (2011) 

distinguished between the two strategies by suggesting that quantitative 

strategy is explanatory and deductive, with numerical data being collected to 

validate a hypothesis, while qualitative strategy is exploratory and inductive, 

with narrative data being collected to create patterns that can be used to build 

a theory. In addition, Creswell (2012) clarified that combining both quantitative 

and qualitative strategies could offer a better understanding of the study 

problem rather than only following one of them. Quantitative and qualitative 

data collection, processing and interpretation can be performed either 

concurrently or sequentially but cannot be merged.  
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Figure 5.3: Research Objectives, Data Collection Methods, and Strategies 

Interpretation 

To build IVREMS that can be used for 
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effectiveness of IVREMS and the project 

performance of medium-sized D&B 

building projects. 
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on the effectiveness of IVREMS  
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5.6. Research Methods  

The fourth level in developing research, which is shown in Figure 5.4, 

is to select the research data collection methods. The researcher sets a group 

of objectives and sub-objectives to respond to each research question, which 

are demonstrated in Table 1.1. To meet research objectives 3, 4, and 5, data 

collection methods used include both qualitative-based and quantitative-based 

methods. A semi-structured interview is conducted for the qualitative part of 

research, and a questionnaire is conducted for the quantitative part. The 

interviews’ findings were analysed using NVivo-2. SPSS-25 software was 

employed to analyse the results of the questionnaire survey. Both data 

collection methods are detailed in subsection, 5.6.1.1 and 5.6.1.2. 

5.6.1. Data Collection Strategy  

According to Quinlan (2011), there are two primary forms of sampling 

determination, which are probability and non-probability. In Probability-based 

sampling methods, also known broadly as representative sampling, since the 

study assumes that the sample selected from the population represents the 

population, the findings of the analysis are generalisable to the entire 

population. Simple random, stratified, systematic, and cluster sampling are the 

four techniques used for representative sampling. Where the non-probability 

sampling is not representative of the population as a whole, then the 

probability of selection cannot be accurately determined, or some components 

of the population have no chance of selection. These conditions restrict the 

amount of data that a sample can represent the population. It also entails 

selecting elements according to the target population assumptions that specify 

selection criteria (Teddlie et al., 2007). Purposive, quota, snowball, and 

convenience are the four techniques used for the non-probability sampling 

(Quinlan, 2011). It is important to target the right participants to get the right 

data, and due to the large number of the qualified practitioners who can 

participant, this research therefore selected the non-probability sampling in 

recruiting participants for both the interview and the questionnaire. Further 

explanations on sampling size are shown in sections 5.6.1.1.2, and 5.6.1.2.3. 
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5.6.1.1. Interviews  

The use of interviews enables researchers to examine a particular subject 

further to gather more information or better understanding. Burns (1994) 

described the interview as an interchange, usually face-to-face, although the 

interviewer may use the telephone to obtain the information, beliefs, or 

opinions of others. Furthermore, Collis and Hussey (2014) pointed out that the 

researcher interviews participants (interviewees) to find out how they feel, 

think, behave, say, or do. It was asserted that any interaction between two or 

more people, either face to face or in any other way, with a certain goal, is 

called an interview (Kumar, 2010). Out of the three types of interviews – i.e., 

structured, semi-structured, and unstructured (Saunders et al., 2009; and 

Walliman 2006) – the most relevant one for the specific purpose of this study 

is semi-structured face-to-face because the key aspects of other types of 

interviews are maintained. In this context, the researcher is in charge of semi-

structured interviews and could guide the interview in the preferred direction, 

Simultaneously, interviewees are permitted to discuss the researchers' topics 

or questions in details. The purpose of the interviews for this study is to 

investigate the factors (items) that may have influence to make value, financial 

risk, and environmental management systems effective in D&B medium-sized 

building projects. In addition, the interview is to investigate how the 

performance of D&B medium-sized projects can be assessed and to get wider 

understanding of integration between management systems. Table 5.1 

explains the flow of interview questions. The flow was effectively designed to 

help the researcher get the answer for the questions within the timeframe. 

5.6.1.1.1. Developing Interview Questions  

The interview questions were divided into five sections as shown in 

Table 5.1. Section one was designed to collect information about interviewee’s 

backgrounds. Section two included questions to identify factors which may 

have an impact on effectiveness of the proposed integrated system of value, 

financial risk, and environment. Section three was prepared to ask about 

value, financial risk, environment, integration, and continuous improvement. 

Section four aimed to find out the participants’ perception into how the new  
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Table 5.1: Design of Interview Questions Flow 

Section 
 1 

Section  
2 

Section  
3 

Section  
4 

Section  
5 

Background 
Information 

Initially, an overview on the 
IVREMS will be given then the 
practitioners will be asked to 
provide any factor that has an 
impact to make this model 
effective.  
 
Also, at this section, the 
researcher aims to ask about the 
issues that measures these 
added factors in order to get the 
best answer. 

The five factors are mentioned below have 
been identified from the literature review. The 
practitioners will be asked to provide details 
about each of them in order to investigate the 
current items that used to measure these 
factors.  

This section will answer 
the question which was 
designed to extract the 
issues that contribute to 
make the integrated 
system effective.   

 
 

Lastly and Similarly, this 
section will be for finding 
the issues that improve 
the project performance. 

Step 
(1) 

Introduction of IVREM  Value Factor 

Effective Integrated 
System 

DB Building Project 
Performance  

V1 V2 V3 V4 V5 V6 V7 V8 

Step 
(2) 

ADD Factor 1 
H$S Risk Factor 

X1 X2 X3 X4 X5 R1 R2 R3 R4 R5 R6 R7 R8 

ADD Factor 2 
Environmental Factor  

Y1 Y2 Y3 Y4 Y5 E1 E2 E3 E4 E5 E6 E7 E8 

ADD Factor 3 
Integration Factor  

Z1 Z2 Z3 Z4 Z5 I1 I2 I3 I4 I5 I6 I7 I8 S1 S2 S3 S4 S5 P1 P2 P3 P4 P5 

 
Continuous Improvement Factor  

 

 

C1 C2 C3 C4 C5 C6 C7 C8 
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proposed integrated system can be implemented effectively. Finally, section five 

was developed to investigate the CSFs that are being used to measure the 

performance of D&B medium-sized building projects.  

5.6.1.1.2. Sampling Used for Interviews 

Recruiting participants is a vital step to obtain the real and most 

appropriate primary data. Therefore, a set of criteria was introduced and set. In 

the selection of research participants, they must have had knowledge and 

experience in implementing project management systems and worked on D&B 

building projects, in particular. Furthermore, each participant must meet at least 

one of the following criteria: 

• The participants should have knowledge and experience in 

managing building projects in the UK construction industry. 

• The participants should have knowledge and experience in one or 

more of these management systems: value, financial risk, and 

environment.  

• The participants should have worked closely to the decision-

making management team in D&B medium-sized building 

projects. 

Practitioners serve in different positions in the building industry can 

participate in the research, such as construction manager, commercial/cost 

manager, value facilitator, risk manager, designers/architect, quantity surveyor, 

and environmental consultant. More than 500,000 participant’s profiles on 

LinkedIn website, work in the UK as senior construction managers. Due to the 

large population, the exact population cannot be calculated in this study, thus the 

non-population sampling was chosen. The participants were selected to meet the 

criteria mentioned above in order to determine their suitability for participation 

after scanning their LinkedIn profiles or profiles on their organisation's websites. 

Thirty-five invitations were sent to potential participants via LinkedIn, and seven 

additional invitation emails were also sent, plus an announcement to recruit 
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participants was called during the Excellence Construction event. Eight 

practitioners accepted to participate and were interviewed between August and 

November in 2019. The most used method of non-probabilistic sampling is a 

purposeful sample, and its size is generally based on the saturation principle 

(Guest et al., 2006). Because in the early stages of the interviews the key 

elements of the study areas have been discovered, saturated data have been 

achieved after reviewing all of the eight interview transcripts. 

5.6.1.2. Questionnaire  

In using questionnaires, each respondent must answer the same set of 

questions created in the same sequence and structure (Saunders et al., 2009). A 

questionnaire is a technique used for collecting primary data. In a survey, the 

participant read the instruction and then the questions, interpret what is 

anticipated and then pick one of the given answers or write an answer (Kumar, 

2010). A questionnaire would consist of open-ended questions, closed-ended 

questions, or a combination of both open- and closed-ended questions, 

depending on the research questions. Open-ended questions require the 

questions to be answered unstructured or free while the respondent has to select 

from a list of answers for closed-ended questions (Naoum, 2011). In other words, 

with open-ended questions, the respondent is not limited to a set of answers, but 

the respondent may make further comments on a response, making unanticipated 

findings available to the researcher, whereas with closed-ended questions, the 

respondent must adhere to the options that the researcher has made available. 

Nonetheless, it is important that whatever form of question the researcher selects, 

depending on the required data needed for the study, they should be sufficient to 

answer the research questions.  

There are various means in which questionnaires can be administered. 

According to Marshall and Rossman (2006), the questionnaire is administered by 

the researcher to some population samples to learn about the distribution of 

characteristics, attitudes, or beliefs. It can be administered into two different ways: 

self-administration and group-administration. Self-administered questionnaires 
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are completed by participants. In this kind of questionnaire, it can be administered 

electronically using the internet, or sending the questionnaires through postal or 

email to the participants who should resend the questionnaires after completion. 

Alternatively, they can be delivered by hand to each participant and collected later 

(Saunders et al., 2012). Having considered the disadvantages and advantages of 

using all the questionnaire forms and administration methods, this study has 

followed the use of electronic questionnaires that contain closed-ended 

questions. The online questionnaire is chosen because of the following: the 

respondents can find much easier and quicker to participate due to their confined 

times especially who work in construction sites. Also, participants are highly 

skilled and have great abilities to deal with online correspondence. 

5.6.1.2.1. Developing the Questionnaire 

The questionnaire survey questions were divided into seven separate 

sections. Section one was to collect information about the respondents regards 

their roles, experiences, organisation type that they work for, and the current 

applications of the three management systems (VMS, FRMS, and EMS). Section 

two was to assess the items Critical Success Factors (CSFs) that make value 

management an effective system. Section three and four were designed for the 

same purpose of the previous section but to focus on financial risk, and 

environmental management, respectively. Section five was to assess the CSFs 

that ensure a management system to deliver a continuous improvement feature. 

Section six refers to the mediator variables by assessing the items that make the 

implementation of an integrated management system effective. Finally, section 

seven determines the key indicators used by practitioners to measure the 

performance of D&B medium-sized building project performance (refers to 

dependant variable), as shown in Appendix (G).   

In this study, the questionnaire was released using JISC online survey 

system to conform to the University of Brighton’s ethics regulations and policies. 

identified items included in the questionnaire were designed in order to achieve 

the study objectives. These items were measured using a Likert scale of five 
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points (1= Strongly Disagree; 5 = Strongly Agree). The Likert scale is the type of 

rating scale based on the premise that each item has meaning or weight that 

measures the attitude and opinions of the respondent with respect to a particular 

issue or subject (Saunders et al., 2012).  

 5.6.1.2.2. Questionnaire Pilot Test 

The pilot is to ensure that the questions are clear, easy to understand, do 

not need interpretation and are comprehended by the participants as intended by 

the researcher. Six copies of the questionnaire were evaluated and reviewed in a 

pilot test by academic researchers and other participants who also had previous 

involvement in managing D&B building project in the UK. The aim of the pilot test 

was to check the clarity of instructions and the items of the questionnaire, to 

determine the time needed to complete the questionnaire, to ensure the 

statements were clear and easy (not difficult or complex), and to understand and 

to gain any other useful comments that could add value to the questionnaire. 

Useful comments were received from the respondents in the result of the pilot 

test. Utilising these comments, the questionnaire was designed using a 

straightforward approach so that they can be easily understandable by the 

practitioners. 

5.6.1.2.3. Questionnaire Sampling 

Similar to what was discussed in section 5.5.1.1.2, the non-population 

sampling was used due to the large population that is difficult to be calculated it. 

More than 1200 invitations were sent to practitioners who had experiences in 

managing D&B building projects in the UK. LinkedIn was used to scan their profile 

and ensure their suitability to participate. The survey was made accessible two 

months from (23rd February 2020 to 23rd April 2020). 104 participants successfully 

completed the survey.  
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5.7. The Summary of the Research Process 

Figure 5.5 summarises the research process starting with how the 

research philosophical approach was selected based on the nature and 

development of knowledge by the researcher. Then the most appropriate 

research approach – abduction – was selected. The mixed quantitative and 

qualitative approach was adopted using the sequential exploratory method 

through firstly conducting qualitative interviews followed by the quantitative 

questionnaire, each of which were analysed accordingly using their 

corresponding analysis methods and using software packages as discussed 

earlier. 

 

 

 

 

 

 

 

 

 

 

Figure (5.8): The Research Process  

5.8. Primary Data Analysis 

The following sections describes how the data collected was analysed 

qualitatively and quantitatively.  

 Pragmatism  

Abduction Approach  
(Inductive & Deductive) 

Mixed Method Strategy  
(Qualitative & Quantitative)  

Interview /Questionnaire  Research Method  

Research Strategy  

Research Approach 

Epistemology 

Ontology 

Figure 5.5: The Research Process  
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5.8.1. Qualitative Data Analysis 

The interview transcripts were analysed to generate main themes and 

sub-themes. Audio-recorded interviews were transcribed verbatim prior to the 

start of the coding process. An option of hiring a specialised transcription audio 

typist was decided against to: (1) allow the researcher to process the data keeping 

the flow of the discussion intact, and (2) ensure that data is kept confidential. 

During each interview, notes were also taken. NVivo-12, a qualitative research 

software package for latent thematic analysis of interview transcripts was then 

used. The thematic analysis needs greater involvement and interpretation by the 

researcher. Thematic analyses are not only explicit words or phrases, but also 

the identification and description of both implicit and explicit ideas within data in 

themes (Saunders et al., 2019). Themes were then quantified by creating 

thematic profiles that analyse the number of passages assigned to each specific 

theme against the three distinct categories of interviewees. Codes were then 

created to represent the identified themes and linked with raw data as summaries 

for further analysis (Saunders et al., 2019). The Tree Nodes were developed, and 

two high level themes were finally developed from the interview findings. Chapter 

six presents the full analysis of the interview findings as provides a thematic 

diagram of the high-level theme Improving D&B medium-sized building project 

performance and associated mid-level themes that were then identified. The high-

level themes divided into some mid-level themes and in some cases the mid-level 

themes divided into sub-level themes. 

5.8.2. Quantitative Data Analysis 

The questionnaire is employed as a method for collecting the quantitative 

data. This data was analysed using Statistical Packages for the Social Sciences 

IBM SPSS-25 for descriptive analysis, Kruskal Wallis, linear correlation 

(Pearson), and Baron and Kenny steps, which were used to test the research 

hypotheses. Chapter seven presents the full account of the descriptive analysis 

of 104 responses while chapter eight presents the exploratory factor analyses 
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(EFA) and testing the relationship between the latent variables that constructed 

the proposed research model according to the identified hypotheses. 

5.8.3. Quality Check of the Research  

It has been emphasised that validity and reliability are essential criteria 

for evaluating the quality and acceptability of research (Burns, 1999). The 

following section illustrates the various methods that should be taken into 

consideration to validate the collected data and check its reliability. 

5.8.3.1. Reliability Analysis 

The reliability of the findings and data is one of the key criteria of any 

analysis process. According to Neuman (2011), reliability is related to the 

coherence and replicability of the study. Neuman (2011) asserts that internal 

reliability is related to the consistency of data collection, analysis, and 

interpretation. Although external reliability is a measure in which researchers can 

generate identical findings as found in the study. Reliability refers to the degree 

of consistent findings provided by data collection processes and analytical 

techniques (Saunders et al., 2012). It is easy and straightforward to obtain 

consistent outcomes in quantitative analysis since the data is in numerical form. 

However, equivalent findings are difficult to obtain in qualitative studies, because 

the data are descriptive and usually narrative (Zohrabi, 2013). Lincoln and Guba 

(1985) clarified that it is better to think about the reliability and consistency of the 

data than to attempt to obtain the same conclusions and outcomes. The primary 

purpose of reliability is however to ensure that the results and conclusions are 

consistent and dependable (Creswell and Clark, 2018). Saunders et al., (2012) 

suggested that the dependability or trustworthiness of the results requires three 

techniques to be warranted: (i) the researcher’s position, (ii) triangulation and (iii) 

audit judgment.  

I. The researcher’s position: numerous techniques and steps of the 

examination need to be carried out, directly by the researcher to 
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improve the research reliability. Thus, the researcher should 

demonstrate each part of the research by in-depth explanation of 

the research’s rationale and design. 

II. Triangulation: numerous data collection methods can be used by 

the researcher in a single research, such as using observations, 

questionnaires, or interviews for the same objective. This data can 

also be obtained from a number of sources, such as employees, 

guests and stakeholders …etc, to increase the reliability of the data 

and the outcomes. The replication of the analysis can be carried out 

reasonably easily by this method.  

III. In an audit judgment: investigator should explain in detail how the 

information can be gathered and analysed, how different themes 

can be collected, and how results can be obtained. These detailed 

data could help to replicate the study and improve to the reliability 

of the research.  

Checking for reliability, as outlined above, follows on consistency, 

but the questionnaire must also be consistent to be accurate and valid. 

Internal consistency correlates the response of the researcher to an item 

(question) in the questionnaire with the other items (questions) in the same 

survey. Different methods can measure internal consistency, one of the 

most common methods is the Cronbach’s alpha (Saunders et al., 2012). It 

was asserted that Cronbach’s alpha is a reliability test, also known as 

internal consistency (Neuman, 2011). In addition, Bonett and Wright 

(2014) clarified the most common application when the measurements 

represent multiple questions in a survey, Cronbach’s alpha is the test to 

measure the internal reliability. In social sciences research, Cronbach's 

alpha reliability test is considered the most used test for research reliability. 

In other words, the alpha coefficient test shows how closely a set of 

variables are interrelated as a group (Bonett and Wright, 2014). The alpha 

coefficient ranges from zero to one. When the alpha value is higher than 



137 
 

0.70, it is considered reliable, but it can be also acceptable at 0.60 (Pallant, 

2005).  

5.8.3.2. Validity Analysis  

Both internal and external validity have been described as two key 

validation tests. Internal validity refers to the interpretability of the study, which 

relies on variables that could directly influence the findings of the research, 

whereas external validity concerns the generalisation of study findings (Creswell 

and Clark, 2018). Burns (1999) emphasised that validity is a primary criterion for 

judging the quality and acceptability of study. Four different validity tests are 

explained below.  

1. Content Validity  

Content validity describes the type of validity of which different items such 

as abilities, and behaviours are assessed accurately and properly. Data and 

methods need to be reviewed by specialists in the research area. Based on the 

reviews, the problems that are vague and obscure should be updated, and the 

difficult problems reworded. In addition, some questions, including inadequate 

and non-functioning questions, could be refused (Zohrabi, 2013).  

2. Internal Validity  

Internal validity concerns the outcomes of the study, and how data can 

be Congruent with the reality. Creswell (2012) detailed six validation tests that 

could be used to increase the internal validity, (i) triangulation, (ii) long-term 

observation at the research site, (iii) member checks, (iv) participatory or 

collaborative modes of research, (v) peer examination, and (vi) the bias of a 

researcher.  

(i) Triangulation: to increase the validity of findings of the study, the 

researcher should collect the data from multiple sources such as 

interviews, questionnaires, cases studies, and observations. 

Collecting data from one source may be weakly questionable and 
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biased. Nevertheless, the use of multiple data collection methods 

should validate and reinforce the results. Therefore, getting the 

same results from a number of methods confirms that the data are 

valid. In this study, the researcher conducted interviews and 

questionnaires as well as reviewing the literature. Chapters 4 and 6 

have interlinked the results from the literature review and interview 

finings to verify the CSFs for each component of the IVREMS 

model.  

(ii) Long-term observation: reconducting the observation over a period 

of time can confirm the validity of the research findings. This method 

was not applicable to this research due to the research timeframe. 

This method is more suited for longitudinal research where long-

term observations are an inherent part of the data collection 

strategy. 

(iii) Member checks: The final findings or outcomes may be brought 

back by the researcher to the participants in order to be checked 

and verified. Participants could check and verify if the contents are 

accurate. The credibility of the data is enhanced in this test.  

(iv) Participatory (or collaborative) modes of research: the researcher 

should invite various participants with differing knowledge and 

experience. The goal of the step is to arrive at the evaluation results 

concluded with a result of a consensus between people with various 

backgrounds in relation to the study. In this study, the research 

invited client’s representatives, principal contractors, and senior 

designers with different level of experience in D&B medium-sized 

building projects in the UK.  

(v) Peer examination: in this validity test, non-participants in the study 

with knowledge and experience in the study area being 

investigated, could review and make notes on the research design 

and the research outcomes. 
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(vi) The bias of a researcher: it is an unethical activity when a 

researcher tries to conceal part of the study results or to stress 

something that is disproportionate to its real existence. The 

researcher must compile, evaluate, and present the data equally 

and independently, diligently during the study processes. In 

addition, researcher should follow the ethical guidelines and report 

their results, frankly and honestly. Section 5.8.3.3 demonstrates the 

steps taken by the researcher in the study to avoid bias from 

occurring. 

3. External Validity  

External validity concerns the acceptance of the research results in other 

subjects and/or contexts (Zohrabi, 2013). Burns (1999) explained the external 

validity in how generalisable analysis is to other contexts or subjects. This 

generally relies on the similarity of the research subject and context. 

4. Utility Criterion  

 Utility criterion concerns the degree of usefulness of the evaluation 

outcomes to supervisors, managers, and other stakeholders (Burns, 1999). The 

purpose of the utility criteria is to confirm whether or not the study is working. This 

can be achieved when the evaluation process provides the project stakeholders 

with accurate and ample data (Zohrabi, 2013).  

5.8.3.3. Avoiding Bias 

Bias may exist at any stage of the research, such as reviewing the 

literature, formulating research questions, choosing sampling strategy and 

determining research samples, evaluating research outcomes, interpreting data 

generated during any sort of data collection methods, or examining data that may 

lead to findings that are systematically different from truth (Creswell, 2012). Thus, 

in this study, the researcher followed multiple measures to prevent bias as 

follows: semi-structured interviews with open-ended questions were adopted to 

reduce bias, as there is evidence that different responses can be obtained in 
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accordance with different ways of asking questions (Kothari, 2004). In addition, 

the interview questions and questionnaire used in this study went through pilot 

tests before they were opened for participants. Questionnaire piloting is 

considered an important issue in research (Saunders et al., 2012). The pilot test 

determines whether the interview questions and the questionnaire could achieve 

the objectives for which they were set. Further, several validity tests are 

conducted to reduce the possibility of bias in this study. Finally, the researcher 

got a large participation in questionnaire to reduce the bias. In this study, the 

sample was of 104 (above 30) professionals in the UK building industry.  

5.9. Research Ethics Consideration 

Prior to the collection of primary data, the ethical principles associated 

with this study were followed in the manner established by the Research Ethics 

and Governance Committee, School of Environment and Technology, University 

of Brighton (UoB). The ethical principles include the consent of participants before 

their participation, emphasise on their right to withdraw at any stage of the 

research, ensuring the data confidentiality and protection of participants. In 

addition, below are further actions which were considered in order to address 

these ethical concerns. 

• The purpose of the research was clearly explained to the participants, and 

it was emphasised that participation is voluntary. Documents such as, 

cover letter, participant information sheet, and consent form, were given to 

the participants in advance. Copies of each of invitation email, consent 

form, and participant information sheet are available in Appendices B, C, 

D, and E for interviews, respectively. Similarly, copies of each of invitation 

email, participant information sheet, and consent form, are attached on 

Appendices B, E, and G for questionnaire survey.  

• At the beginning of each interview, the participant information sheet and 

the consent form were given to interviewees who were asked to read and, 

if in consent, sign them.  
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• Confidentiality was guaranteed to the interviewees and the pseudonyms 

were thereby used to gather and interpret data for the participants. 

• Interviews were conducted at the interviewees’ offices or other places as 

chosen by them to accommodate their preferences and maintain their 

privacy. 

• The contact details of interviewees were kept separately in a protected file. 

All physical materials were locked securely inside a personal cabinet at 

UoB, while interviews recordings were stored in a protected folder on a 

password protected PC that is only accessible by the researcher. 

• None of the questionnaire participants were asked to provide their names 

or their companies’ names or any other private information. 

5.10. Summary of Chapter 5 

The chapter discussed the research methodology and design of this 

study. It described the basis of research philosophy providing some background 

on the potential research approaches. The four research paradigms (worldviews) 

were illustrated including postpositivism, constructivism, transformative and 

pragmatism. The research paradigm refers to a philosophical framework that 

guides how scientific research should be carried out, based on human’s 

philosophies and its assumptions about the nature of knowledge and the world. 

Postpositivist assumptions are more related to quantitative research than 

qualitative research unlike constructivism and transformative, which are an 

approach to qualitative research. The pragmatism assumption is related to the 

mixed method (quantitative and qualitative) in order to address the research 

problem. It was shown that the pragmatism research paradigm is more 

appropriate for this research in order to achieve the main aim of this study. In 

addition, this chapter addressed the research approaches of the quantitative, 

qualitative, and mixed method and their strategies. Research approaches are 

research strategies and procedures that determine the research development 

steps from research assumptions to the methods of data collection, analysis, and 
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interpretation. This research employs a semi-structured interview and 

questionnaire as primary data collection methods. The questionnaire is used to 

compare the variances between the three different participation groups, and to 

investigate the impact of the new integrated management system of value, 

financial risk, and environment on the performance of D&B medium-sized building 

projects. The sampling method and its types, as well as the selected sampling 

strategy and selected samples, were described in this chapter. There are two 

major categories of sampling: probability sampling and non-probability sampling. 

Probability sampling is a method in which the selection probability of population 

elements (a single member of the population) is known, this method often 

depends on the chance or random. Nonprobability sampling is a method in which 

the selection probability of population elements is unknown. Since the population 

in this study is unknown, the non-probability sampling method was selected. The 

data collection and analysis techniques were also discussed. NVivo is the most 

suitable analysis tool for the qualitative part, while the SPSS is the suitable 

software for anyslysis the quantitative part. Baron and Kenny (1986) steps 

technique is considered as a powerful multivariate tool that allows the researcher 

to study the interrelationship between the latent and observed variables in the 

presence of a mediation variable. Finally, section 5.8 focused on the important 

criteria for evaluating the quality and acceptability of research including the 

reliability, validity, avoiding bias, and the ethics approval consideration for 

conducting the data collection process. 
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Chapter 6. Qualitative Data Analysis 
 

 

6.1. Introduction to Chapter 6 

The literature review presented in chapter four helped identify five factors 

that could make the new proposed system (IVREMS) effective which are: value 

management factor, financial risk management factor, environmental 

management factor, integration factor, and continuous improvement factor. As 

indicated in chapter five, a set of interview questions was formulated to collect the 

perceptions of UK building industry practitioners within the UK building sector on 

the factors that could make IVREMS effective and also how the performance of 

D&B medium-sized building project can be measured and improved. Therefore, 

this chapter aims to triangulate the secondary and primary data of these factors. 

It is also expected from the interviews to identify items (variables) that measure 

each factor and also to extract further factors that might have an effect on the 

effectiveness of the new proposed system, IVREMS. The chapter begins with 

outlining the background of the eight interview participants followed by discussion 

on what factors and critical success factors (CSFs) should be included in each 

component of IVREMS to ensure that IVREMS will work effectively. 

6.2. Interviewees Profiles 

A total of eight face-to-face interviews were carried out. The interviewees 

comprised three representatives from different sectors of the UK building industry 

including client’s consultants, principal contractors, and architects/designers. The 

participants’ role, type of their organisation and work experience are presented in 

Table 6.1. The selection of participants was conducted through expert sampling 

method (also known as purposive sampling), using non-probability sampling 

technique to collect data based on their experience to describe the situation. 

Thus, the main selection criterion of the participants was their current and 

previous experience in managing D&B medium-sized building projects in the UK. 
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The perspective of the practitioners who managed D&B building projects is 

important to understand the practice of management systems particularly in D&B 

projects. Transcripts were collected and the contents were analysed on the basis 

of contextual themes. The qualitative analytical tool, NVivo 12 software, was used 

to analyse the interviews findings. 

Table 6.1: Interviewees Profiles 

 Organization Type / Participant Role 
Years of 

Experiences 

Involved in 
D&B Building 

Project 
Coded 

1 Private Consultancy/ Senior Designer  24 √ RK 

2 Private Consultancy/ Senior Designer 29 √ 
LR 

3 Private Consultancy/ Clients Consultant 25 √ 
NE 

4 Principal Contractor/ Senior Project Manager 25 √ 
AP 

5 Principal Contractor/ Senior Project Manager 25 √ 
RE 

6 Principal Contractor/ Senior Project Manager 16 √ 
JP 

7 Principal Contractor/ Commercial Manager 14 √ 
PP 

8 Private Consultancy/ Clients Consultant 22 √ SC 

 

6.3. Thematic Analyses  

The main themes and sub-themes that emerged from the analysis of the 

interview transcripts are outlined in the following sections. At each interview, 

notes were taken. The audio-recorded interviews were transcribed before the 

coding process began. NVivo, a qualitative research software package for latent 

thematic analysis, was used to enter the transcribed interviews. Thematic 

analyses, including grounded theory and the development of cultural models, 

require the researcher to be more involved and interpretive. Thematic analyses 

focus on identifying and describing both implicit and explicit words or phrases 

within the results, or patterns, rather than counting explicit words or phrases 

(Guest et al., 2012). The number of passages assigned to each theme was then 

analysed and cross-referenced against the interviewees, resulting in a thematic 



145 
 

profile for each theme. The identified themes are then usually represented by 

codes, which are applied or linked to raw data as description markers for later 

analysis (Guest et al., 2012). The researcher used Tree Nodes to develop the 

nodes in this study. The interview results eventually led to the creation of two-

level themes. The following sections present the high-level theme's thematic 

profile and the associated mid-level themes that were found. 

6.4. Thematic Profile of Effective Value Management Factor 

All the interviewees have confirmed the significance of the value 

management factor as a key factor that would have an influence on the 

effectiveness of IVREMS. The analysis of the interview transcripts revealed 

several key critical success factors (CSFs) that make VMS implementation 

effective in D&B medium-sized building projects in the UK. These CSFs are 

summarised in Table 6.2. 

Table 6.2: CSFs for VMS in the D&B Medium-Sized Building Projects in UK 

CSF for Effective VMS 
Client 

Consultant 
Architect Contractor Total 

Achieving clients’ needs  ** * **** 7 

Timing of VMS workshops  * ** *** 6 

Applying Job-Plan - ** ** 4 

Regular reviewing  * * ** 4 

Use of relevant skills and 
techniques  

- * *** 4 

Interaction between VMS team  * * * 3 

Availability of experienced team  - * ** 3 

Regular client’s engagement - * * 2 

Setting clear VMS goals  * * - 2 

Involving subcontractors in VMS 
workshops 

- - * 1 

Clarity of project design /drawings  - * - 1 
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In total, 11 critical success factors (CSFs) have been identified by participants, as 

detailed below: 

Achieving Clients’ Needs through Regular Client Engagement 

It is evident that there is almost a complete unanimity among interviewees 

that achieving clients’ needs is the most important item that enhances the 

effectiveness of the VMS. Also, the interviewees indicated that the client is the 

main driver and supporter for updating and implementing the VMS. Thus, clients 

play a paramount role in achieving effective VMS. Moreover, the participants 

stated that clients need constant engagements to be involved in VMS workshops 

and to be educated about the VMS importance and benefits. In particular, 

Participant RK stated that “the [client] is doing now 160 units which is pretty 

massive that is close to £50 million, so that is a large project, but we still do not 

do [VMS] because that is not the client mindset …”. This means that even in a 

rather big D&B projects, the VMS is still not implemented just because of the lack 

of interest in or understanding of the VMS and its benefits at the client’s end. The 

importance of this CSF was also supported by previous studies of Fong et al., 

(2001), Shen and Liu (2003), and Wilson (2006). Therefore, this research 

considered “Regular Engagement of Clients” in IVREMS model. 

Timing of VMS Workshops 

The second most critical CSF to consider is the importance of determining 

the timing of VMS workshops during the building project stages. The participants 

highlighted that changes in any construction project have greater effects before 

the construction phase begins, which indicates the importance for VMS to be 

firstly considered at the pre-construction stage. This phase would also be ideal 

for integrating VMS with any other management systems such as financial risk 

management system and environment management system. In this phase, a full 

team including VMS, FRMS and EMS experts, among others, should jointly attend 

the workshop due to the large overlapping between the different systems, e.g. 

VMS and FRMS both aim at reducing risk whereas VMS and EMS both aim at 

reducing the environmental footprint. In addition, stakeholders including 
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contractors and subcontractors should be present. Participant JP mentioned that 

in the D&B projects the risks are typically transferred to principal contractors who 

then distribute them among subcontractors, thus there is a necessity for 

subcontractors to attend in all the VMS workshops. In this particular point, there 

was a disparity among the interviewees in the definition of stakeholders who 

should be present in the VMS workshops. Therefore, it is important to run the 

VMS workshops involving all parties. This CSF was confirmed to be of high 

importance in making VMS effective in several previous studies, e.g., Lin and 

Shen (2007); Lin et al., (2011); and Shen and Liu (2003). Therefore, this research 

will consider “Timing of VMS Workshops” as a component in the IVREMS model. 

Applying Job Plan and Using of Relevant Skills and Techniques 

Three project managers from large principal construction companies in 

the UK emphasised the importance of using VMS techniques. When they were 

asked about the types of such techniques, the responses showed that 

brainstorming is the only used technique while fully ignoring any 

modelling/mathematical software tools, which may help optimise the complex 

selection process to reach the best option with the best value. Participant PP 

presented a detailed explanation on how VMS workshops are typically performed 

in the UK. The participant perceived the VMS workshop as a tool to merely test 

the best option mainly in terms of cost among several available alternatives, 

whereas in reality it should be more about enhancing functionality, performance, 

value (not cost) and delivery time with lowest possible risk and environmental 

footprint. The different participants expressed positive and confident response 

when using the brainstorming at the innovation phase, i.e., the third stage of the 

job plan (which has seven stages). However, among the different participants 

there seemed to be a lack of confidence in using VMS models in selecting the 

most optimal solution among several alternative scenarios. The absence of this 

skill indicates that in any complex setting, where the know-how of VMS models is 

essential, “poor” practice of VMS is inevitable. Furthermore, none of the client 

representatives mentioned the importance of using VMS techniques, nor did they 

point at setting up job-plans, which clearly indicates that clients and their 
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consultants “do not care about VMS” as one interviewee put it. This is fully 

consistent with what has been mentioned in the literature about the importance 

of engaging and educating the clients about the benefits of VMS. In addition, 

Participant (NE) stated that there are no specific VMS workshops or available 

VMS facilitators in construction projects. This emphasises the lack of any VMS 

implementation in the UK construction industry, which means that the VMS 

benefits are largely wasted. These two CSFs, i.e., Applying Job-Plan and Using 

of Relative Skills and Techniques, were confirmed to be of high importance in 

making VMS effective in several studies such as: Bowen et al., (2011); Cheah 

and Ting (2005); Dallas (2006); Jaapar et al., (2012); Lin and Shen (2007); Male 

et al., (1998); Tohidi (2011); and Wilson (2006). Therefore, this research will 

consider “Applying Job-Plan and Using of Relevant Skills and Techniques” in the 

IVREMS model. 

Defining Clear Goals of VMS Study, Having Multidisciplinary VMS Team, 

and Interaction among VMS Workshop Participants 

There is a clear consensus among all participants on the importance of 

experienced team to participate in VMS workshops. However, the responses from 

all participants indicate that there is no dedicated person for managing VMS in 

their current projects. Participant AP assigned managing the cost (not value) to 

the quantity surveyor. On the other hand, Participants RK, JP, and SC assigned 

the responsibilities for VMS to the project manager. However, Participant PP 

stated that the project manager is only concerned with delivering projects on time 

while the cost manager is only interested in reducing expenses and that is why 

conflicts always arise between them. This is a clear management problem. 

Participant RE added that managing value is “a teamwork, and it is not 

necessarily specific to a certain person. It is done as a whole team, which includes 

the architect, engineer, MEP designer, D&B managers and the commercial 

manager”. The different responses related to who is in charge of managing the 

value within any D&B project highlight clearly that the construction industry does 

not value VMS from a practical point of view because this system and the like are 
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perceived as wasting time and costing money unnecessarily. For instance, 

Participant RK stated: “The thing with the medium-sized building project [is that 

VMS] takes time and costs money, nobody wants to spend that”. It is clear that 

the different interviewees equated VMS to cost management (CM). However, 

VMS is completely different from CM as VMS focuses on functionality and 

balancing between cost, quality, risk, and environment. It is worth highlighting 

participant LR’s response: “clients want everything green and when the work 

begins by identifying things that cost more generally, they drop them away and 

then pull back to the cheapest options.” Furthermore, Participant (NE) stated: 

“value management is commonly seen as purely a cost management exercise 

generally by construction teams and all project managers.”  This proves the lack 

of VMS understanding within the practitioners in the UK building industry who 

have cost-oriented mentality instead of value-oriented mentality. Moreover, 

Participant RE stated: “[when proposing] renewable energies [to clients] and we 

recommend that it is going to save them … around 100,000 pounds a year less 

than other bids [using conventional energy] but the other bids are cheaper, and 

client decided to go for the cheap [est] bid even though they could be paying more 

…”. This emphasises the decisive role of the client to adopt and implement VMS. 

Therefore, clients need to be educated about the benefits of the VMS. 

Furthermore, a simple and clear framework need to be created to enable clients 

to use VMS. Clarity was emphasised by participant JP, a senior construction 

manager at one of the biggest international construction companies, who stated: 

“the only way to make VM effective is to ensure that [contractors] have clear 

information from client (clarity of intent) because in any D&B contract the client 

gives contractors a design intent”. The consensus of three sector representatives 

is that the interaction between participants in the VMS workshops is important in 

making VMS effective due to the exchange of their experiences and knowledge. 

The importance of these three CSFs was confirmed in making VMS effective in 

studies by Lin and Shen (2007); Lin et al., (2011); Male et al., (1998); Shen and 

Liu (2003); and Wilson (2006). Therefore, this research considers “Defining Clear 

Goals of VMS Study”, “Having Multidisciplinary VMS Team”, and “Interaction 
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among VMS Workshop Participants” as three CFSs for VMS in the IVREMS 

model. 

6.5. Thematic Profile of Effective Financial Risk Management Factor 

The analysis of the interviews revealed several key CSFs that make the 

FRMS implementation effective in the D&B construction projects in the UK. These 

factors are summarised in Table 6.3. 

Table 6.3: CSFs for FRMS in the D&B Medium Size Building Project in UK 

CSF for Effective FRMS 
Client 

Consultant 
Architect Contractor Total 

Clarity of Design * * *** 5 

Carrying out risk monitoring, documentation, 
and control) 

** - *** 5 

Carrying out risk identification and analysis  * * * 3 

Having communications between stakeholders - - ** 2 

Client empowerment to be fully involved in the 
FRM process 

* - * 2 

Contractors’ capability in delivering projects * - - 1 

Getting the planning consent - * - 1 

Availability of resources  - - * 1 

Logistics - - * 1 

Scope of work - - * 1 

Risk allocation or appointment  * - * 1 

Appointment of a qualified Risk Analyst 
/Manager 

* - - 1 

Seeking for Risk Mitigating Solutions and 
Apprise for new or Residual Risk 

* - - 1 

 

Clarity of Design, Scope of Work, and Getting Planning Consent   

The interviewees with different backgrounds, all agreed that the design 

clarity is an important CSF that enhances the effectiveness of the risk 

management system. A senior designer, RK, stated that the design clarity can 

greatly affect the project deliverability and said “how risky the project is in terms 
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of deliverability. Is it too complicated or is it buildable? for example, sometimes 

[as designers, they] get D&B projects that would be unbuildable”. The clarity of 

the design was also emphasised by a senior construction manager AP who added 

that “it is sort of a [financial] risk if you have not designed properly, that’s when 

we lose all our value and all our costs.” Further explanations into how a senior 

consultant deals with risks were given by participant SC “in the pre-construction 

meetings, the main key is to [be] limited to 10 major risks. We always find that 

there are really no more than 10 high-level risks that are kind of red-alert risks ...”. 

Another CSF suggested by participant JP, was the Scope of Work and 

stated that “the design and scope of work are interlinked massively because what 

will come with the scope of work is usually sort of design and it would be a very 

initial design, but the scope of work is absolutely huge”. A senior designer, RK, 

pointed out the importance of the risk involved in obtaining planning applications 

approved by the local authorises which differs from one project to another. Many 

planning applications are rejected despite extensive time being spent on them at 

pre-design stage. 

These three CSFs belong to the design activities and can be considered 

as CSFs for making risk management effective. However, as it was discussed in 

chapter two, risks arise from different sources depending on the nature of the risk 

and because this research only focuses on financial risk, these three CSFs would 

not be included in IVREMS model. 

Carrying-Out Risk Monitoring, Documentation and Control  

Participant RE made it clear that regular monitoring is important to detect 

risks early and make changes that could have a financial impact the building 

project. RE gave Brexit as an example that left clients concerned about its 

potential implications. “Financial risk increases as we get close to Brexit 

[deadline], the clients worry about it. If VAT or laws or exporting protocols from 

Europe changed, and [designers] have not taken [into account] this as [a] risk, the 

clients would risk schedule changes or delays.” Then ended this point and said, 

“risk opportunity schedule is developed at the beginning of the project, so the key 
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is the risk registers or risk assessment”. The same example was mentioned by 

the client consultant LR who stated, “for example, if a client is pausing a project, 

it is clearly immediately inflating risk and added to this Brexit which comes in to 

bear on that risk register under that client decision making aspect with the risk 

register”.  In the same line, consistent with RE, LR expressed the significance of 

regular monitoring to make FRMS effective and stated “keep monitoring and 

mitigate risks as it went and that obviously reduces risk contingency, which should 

be done throughout the process of delivery”  then added “register risk at the start 

of a project at the preconstruction, [and prepare] the project execution plan and 

that is when I would produce the first risk register in liaison with the client …”. 

Participant RK disclosed that VMS aspects are linked to risk register “every 

aspect of risk register impact value management aspect too. However, the client 

would not realise, accept nor understand these impacts on cost”. 

Further details about risk register in prioritizing the most important risks 

was given by Participant AP who stated “There is a risk register which highlights 

red, amber, and green as a traffic light system, which we score depending on 

probability and impact. [The risks] get scores between 1 to 9, where 9 is red, 

means [We] should manage it first. [We] deal with relatively amber, red and green 

depending on the value of the risk”. 

Based on this discussion, it is noticeable that this CSF demonstrates a 

considerably high impact on making RMS effective, which can be interpreted as 

a convergence in the practitioner’s perception, with the recognition of the 

importance of the monitoring, documentation, and control of risk management 

processes. This CSF was also confirmed to be important on making FRMS 

effective in several previous studies by Chileshe and Kikwasi (2014); Hosseini et 

al., (2016); Kikwasi (2018); Oliverira et al., (2018); Renault et al., (2018); and 

Zhao et al., (2013). Therefore, this study considers “Carrying-Out Risk Monitoring, 

Documentation and Control” for effective FRMS in IVREMS model. 

Carrying-out Risk Identification and Analysis  
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The majority of participants shed light on a significant CSF, i.e., the 

broader the project, the greater the need for risk identification should be, which 

should be considered in order to optimise the efficiency of the RMS that assesses 

risks as a part of building control. Participant (RK) provided an advantage of 

carrying out a risk assessment that helps to evaluate the buildability of the 

building, regardless of the planning consent given by the local authority. This 

indicates the importance of the risk assessment in assessing whether a building 

project is buildable or not. Participant (LR) also highlighted the importance of 

evaluating every single top risk in order to obtain a reliable contingency, rather 

than setting a certain percentage of what Quantity Surveyors often do to 

determine the risks values. The senior project manager RE underlined the 

significance of identifying risks and their effect before delivering the project 

documentation to clients. 

Oliverira et al., (2018) emphasised that mapping and analysing the 

internal and external sources of risks and structuring effective responses to 

threats and opportunities to be a CSF of extreme significance to the achievement 

of organisational goals. This CSF was also supported by other studies, e.g., 

Kikwasi (2018); Project Management Institute (PMI) (2009); Renault et al., (2018); 

and Zhao et al., (2013). Therefore, this study considers “Carrying-out Risk 

Identification and Analysis” as a CSF that has a significant impact on making the 

FRMS implementation successful and therefore it will be included in IVREMS 

model. 

Having Communications Between Stakeholders 

Effective communication between stakeholders is essential for minimizing 

the financial risk in the D&B projects. In D&B, typically one party is responsible 

for the design and construction activities, hence there is a necessity for a high 

degree of team collaboration. A senior project manager (JP) clarified this CSF 

and stated, “In D&B, [We] are the principal designer and principal contractor, so 

design is very risky… at the start of a job it’s about coordinating design and 

making sure the designers fully coordinated that is the biggest risk financially”. 
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Participant PP emphasised that the FRMS should be conducted at the 

preconstruction stage of a building project. 

Hwang et al., (2015) suggested this CSF, Having Communications 

Between Stakeholder, as a highly important element in ensuring effectiveness of 

risk management implementation. This CSF was also verified in other literature 

by Agyakwa-Baah and Chileshe (2010); Chileshe and Kikwasi (2014); Grabowski 

and Roberts (1996); Oliverira et al., (2018); Project Management Institute (PMI) 

(2009); Renault et al., (2018); and Yaraghi and Langhe (2011). Therefore, this 

study will consider “Having Communications Between Stakeholders” as a CSF 

that has a significant contribution to making the application of FRMS successful 

and it therefore will be included in the IVREMS model. 

Client Empowerment to be Fully Involved in the FRMS Process 

The analysis of the interviews’ findings suggests that client empowerment 

should be enabled in the FRMS process as a CSF in achieving an effective RMS 

application in D&B medium-sized building projects. A senior client consultant LR 

with over 20 years’ experience in the UK building industry stressed the role of the 

clients in making FRMS successful and the importance of the clients to get the 

full access to all financial risks, as well as the level of risk that they relate and 

transpire to be. (LR) also emphasised the necessity of the prompt action needed 

by clients to deal with risks and stated, “if clients are very slow to make a decision 

then [We] will get lots of other problems”. 

This finding is consistent with what was found in a study by Renault et al., 

(2018) who clarified that without the support of the client, the RMS cannot move 

forward at a strategic level and cannot be integrated with the decision-making 

process and hence cannot move forward in setting the necessary goals for the 

conduct of activities with sufficient allocation and engagement. This was also 

confirmed in several previous studies by Agyakwa-Baah and Chileshe (2010); 

Chileshe and Kikwasi (2014); Hosseini et al., (2016); Kikwasi (2018); Oliverira et 

al., (2018); Yaraghi and Langhe (2011); Zhao et al., (2013); and Zwikael and 

Globerrsonz (2006) as discussed in section (4.3.1). Therefore, this study will 
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consider “Client Empowerment to be Fully Involved in the FRMS Process” as a 

CSF that has a significant contribution to the success of FRMS application and 

will thus be included in the IVREMS model. 

Risk Allocation or Apportionment 

Participant SC described the importance of allocating all the different risks 

to the project stakeholders. As it was explained in section (2.1.2), clients in D&B 

projects transferred risks to the contractors and sub-contractors. The recognition 

and allocation of risk responsibilities prior to the construction phase of the project 

could help improve the FRM efficiency. This CSF was also supported by many 

research studies such as Hosseini et al., (2016); Kikwasi (2018); Project 

Management Institute (PMI) (2009); and Renault et al., (2018). Therefore, this 

study will consider “Risk Allocation or Apportionment” as a CSF that has a 

significant contribution to the successful application of FRMS and thus will be 

included in the IVREMS model. 

Appointment of a Qualified Risk Analyst/Manager 

A client’s consultant SC with over 20 years’ experience asserted that 

appointing a risk specialist in D&B medium-sized building projects is key to 

controlling the FRMS process. Another contractor’s representative (JP) asserted 

that FRMS is typically applied without appointing a risk specialist, who should be 

responsible for manging financial risk activities on construction site, because this 

would add unnecessary expenses. On the same line, Participant SC confirmed 

that the project construction manager on sites is responsible for manging risks as 

well as time. To the contrary, a senior project manager JP explained that project 

managers are only dealing with time whereas commercial mangers are 

responsible for dealing with financial risk issues. 

The availability of a qualified specialist to manage financial risk at D&B 

building projects sites is massively required. Several previous studies by 

Agyakwa-Baah and Chileshe (2010); Oliverira et al., (2018); and Renault et al., 

(2018) considered the aforementioned CSF to be critical for making RMS 

successful. Therefore, this study will consider “Appointment of a Qualified Risk 
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Analyst/Manager” as a CSF that contributes significantly to the success of FRMS 

application and is included in IVREMS model. 

Contractors Capability in Delivering Projects 

A senior designer RK mentioned one CSF that might be considered as a 

CSF for making FRMS effective which is the capability of the contractor to deliver 

projects. There is a lack of literature to support this CSF and because this 

research focuses only on financial risk, therefore this CSF will not be considered 

in the IVREMS model.  

Availability of Resources and Logistics 

The availability of the right resources and proper logistics can be crucial 

for the success of D&B projects. However, resource risks are not within the scope 

of this study and thus, the “Availability of Resources and Logistics” would not be 

included in the IVREMS model. 

Seeking for Risk Mitigating Solutions and Apprise for New or Residual Risk 

Participant LR explained a series of measures about how the risks should 

be handled in the D&B projects, beginning with the breakdown of the costs of 

risks into two steps, firstly, the determination of risks mitigations cost and, 

secondly, calculating the residual contingency risk value for these risks. For 

example, if the client makes changes that could create a potential financial risk to 

the project, to mitigate this risk, the client can freeze the project from the RIBA 

Stage 2 onwards. Following that the mitigation of design risk and risk of changes 

would be fixed, hence there is no risk anymore. Therefore, it is important to have 

a residual risk and financial allowance for that residual risks. This CSF is 

supported by the findings of Hosseini et al., (2016); Kikwasi (2018); Renault et 

al., (2018); and Zhao et al., (2013) as discussed in section (4.3.2). Therefore, the 

researcher will include the CSF “Seeking for Risk Mitigating Solutions and Apprise 

for New or Residual Risk” in the IVREMS model. 

Carrying out Risk Management Post-Completion Evaluation and Feedback 
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The fifth implementation step of financial risk management process is 

post-completion evaluation and feedback, and this is also linked to the continuous 

improvement feature that is discussed in section (6.6). Yaraghi and Langhe 

(2011) asserted the importance of conducting post-evaluation and feedback to 

improve RMS. Furthermore, numerous studies conducted by Hosseini et al., 

(2016); Kikwasi (2018); Oliverira et al., (2018); and Renault et al., (2018) 

emphasised this CSF. Therefore, this study will consider “Carrying out Risk 

Management Post-Evaluation and Feedback” as a CSF for making FRMS 

effective and will include it in the IVREMS model.  

6.6. Thematic Profile of Effective Environmental Management Factor 

All the interviewees confirmed the significant influence of the 

environmental management factor that can have an impact on the effectiveness 

of IVREMS. The analysis of the interview transcripts revealed several key CSFs 

that proves EMS implementation to be effective in the D&B medium-sized building 

projects in the UK. These CSFs are summarised in Table 6.4 below. 

Table 6.4: CSFs for EMS in the D&B Medium-Sized Building Projects in UK 

CSF for Effective EMS 
Client 

Consultant 
Architect Contractor Total 

Regular reviewing * - *** 4 

Setting up guidelines and benchmarking 
system  

* * * 3 

Resources availability  - - ** 2 

Adopting green technology and techniques * * - 2 

Considering the environmental impacts of 
the building at the pre-construction stage 

- * * 2 

Considering environmental impact in risk 
register 

- * * 2 

Assessing reliability and quality of design 
specifications 

- * * 2 

Raising client awareness towards 
environmental impact 

* - * 2 

Having clear leadership and allocating 
responsibility 

- - * 1 
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Documentations - - * 1 

Plan the environmental impact - - * 1 

Considering environmental from value 
perspective insist the performance of 
environmental systems. 

- * - 1 

Involving Stakeholders  - * - 1 

 

Regular Reviewing and Documentations of Environmental Impact  

The findings of the interview analysis clearly showed that “regular 

reviewing” has the highest rank among all other CSFs to make EMS effective in 

D&B medium size building projects. Participant JP emphasised the need for 

continuous audit of the construction site and its documentations for continuous 

checking and post-evaluation. Compatible with this CSF, Participant PP 

described that a continuous checking of environmental documents should be 

carried out on a regular basis, as stated, “every month [We] have monthly 

reporting which is then fed to [KPIs] and then reviewed by the sustainability 

manager”.  

From the analysis of the interviews, it appears that the plan of the building 

project environmental impact to be adopted in the D&B projects, but its 

implementation differs significantly from a mere consideration at the pre-

construction phase to a strong follow-up during the construction phase. In the 

latter, a model framework for EMS implementation was used by contractors where 

monthly reports are prepared to capture any impact on the natural environment, 

by assigning each action on (red, amber, or green) status depending on the 

severity of the impact on the environmental. Further explanation about how the 

environmental aspects is managed at construction sites is given by Participant JP 

who stated “the system works as follows: if we take too much waste and recycling 

to the landfill, we score red. For instance, for waste, we aim for at least 98% waste 

to be recycled and not taken to the landfill. If in any particular month we don't 

recycle 98% or we take more than 5% to the landfill, this will automatically get red 

on our reporting. Also, we monitor our water usage, we get scores to say this is 
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how much water and electricity usage on site, again as value”. In addition, more 

details were given by (JP) about how to control issues that have harmful 

environmental impacts on construction sites “We have equipment on sites which 

monitor dust, emission, sound, and water usage to make sure we do not cause 

environment problems to the local society”. 

The documentations can be incentive for better EMS practice, but they 

can easily become a burden if not managed properly or cause a tedious load of 

routine work. A senior project manager RE at one of the biggest international 

construction companies stressed that there are difficulties associated with the 

huge number of documents related to EMS that each project requires and stated 

“we have a series of documents for environmental management for the current 

project (a medium size) and they could be simple, but they are massive. “We got 

one just for water rainfall from a site as an example and we have within these 

documents a whole series of check sheets and a lot of them are very basic 

documents. We also have a set of things including noise on site or ecology, so it 

comes as quite a lot”. This CSFs was supported in several previous studies done 

by Jagger et al., (2002); Qi et al., (2010); and Zutchi and Creed (2004). 

According to the aforementioned discussion, regular reviewing and 

documentations of environmental impacts are interlinked, therefore the 

researcher combined them into one main CSF. The formulation of the CSF 

statement was left to retain the expression of each CSF in order to eliminate any 

confusion when designing the questionnaire at the subsequent stage of this study.  

Setting-up Guidelines and Benchmarking System  

Another important CSF addressed in order to make EMS in D&B projects 

successful is what the Participant RK stated about the importance of having and 

implementing the environmental impact policies and guidelines by using clear 

guidelines as to what relevant environment specific regulations are at planning 

stage. A contractor representative PP gave an example of a sample of material 

that must be checked and tested in accordance with the environmental impact 

requirements and standards before being delivered to the site. likewise, this CSF 
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was confirmed by the client representative SC. 

This CSF has obtained the consensus of all the participant groups and 

this indicates its importance and was supported in the literature by Campos 

(2012); Fergusson and Langford (2006); Jagger et al., (2002); Zutchi and Creed 

(2004), thus “Setting-up Guidelines and Benchmarking System” are considered 

as a CSF for effective EMS in this IVREMS model.  

Availability of Resources 

Availability of resources is an important CSF for implementing EMS 

effectively. Participant PP indicated that their company, which is one of the largest 

construction companies in the United Kingdom, does not distinguish between 

project sizes when implementing EMS since the company has a separate 

department that deals with the environmental issues in all projects. In terms of the 

importance of the availability resources, another senior project manager JP 

mentioned that they have a specialist on each construction site to manage its 

environmental impact. 

Adopting Green Technology and Techniques 

The importance of adopting technologies and techniques, and availability 

of resources for managing EMS both earned the same rank. Therefore, the 

researcher decided to avoid duplicating them as two CSFs, but instead merged 

them into one CFS.   

Participants LR and NE stressed the importance of employing and 

adopting new green technologies, tools, and techniques that help minimize the 

effect of building projects on the natural environment. Tam et al., (2006) also 

emphasised the importance in investing in green equipment and technology in 

order to maximise the effectiveness of EMS. In addition, this CSF was also 

supported by other research studies such as: Griffith and Watson (2004); Qi et 

al., (2010); Tam et al., (2006); and Zutchi and Creed (2004). 

Therefore, “Adopting Green Technology and Techniques” will be used as 

a CSF for the implantation EMS successfully in the IVREMS model. 
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Considering the Environmental Impacts of the Building Projects at the Pre-

Construction Stage 

Another important success factor for effective EMS implementation is the 

necessity to consider environmental impacts during the pre-construction stage of 

the project lifecycle. Each element in the design drawings should be checked 

against its impact on the environment. A senior designer RE illustrated that the 

environmental studies should start at the planning stage so that “the 

environmental management comes in the concept design stage way before the 

contractors are involved. Unless we are actually already working for a contractor 

on a design and build project, the environmental impact we manage is almost 

entirely at the planning stage”. The CSF was also mentioned by senior project 

manager (AP), who uses a software program that handles different aspects 

related to the environmental impacts at the early stage of the projects and before 

the start of the construction activities and stated, “The program is set to do what 

we need to do at the right time”. 

The importance of considering and implementing EMS during the 

preconstruction stage was also discussed in section (3.5) to support the research 

argument for integrating EMS with VMS and FRMS. This CSF was also 

advocated in the literature by Hartmann (2006) and Zutchi and Creed (2004). It 

will therefore be included in the IVREMS model. 

Considering Environmental Impact in Risk Register 

Participant RK clarified that they deal with the environmental risk 

assessment by incorporating it during the implementation of the risk 

registration. Risk and environmental systems have common denominators, and 

both are merging the environmental plan of impact with the risk register. This 

highlights the importance of the aim of this research to integrate VMS, RMS and 

EMS. Participant AP stated that “within the main risk register we would highlight 

that there is a risk to the ecology or to the environment or to the water as a 

headliner. This would be one of our items to consider … so that is on the main 

risk register”.  
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The CSF was considered early in the first CSF presented in this study, 

namely “Documentations of Environmental Impact”, therefore the researcher will 

exclude this CSF to prevent replication. 

Considering Environmental Issues from Value Perspective  

Similar to the previous CSF, Participant RK indicated that there are 

overlapping positions between VMS and EMS, although not all practitioners 

consider them at the same time: “We are not considering value and environment. 

Other companies I worked for were so much better in terms of the environmental 

and value performance because the other companies looked at value from a 

different perspective”. 

This CSF was already covered implicitly under the CSF “Considering the 

Environmental Impacts of the Building Projects at the Pre-Construction Stage”. 

Therefore, the researcher will exclude this CSF to prevent replication. 

Assessing Reliability and Quality of Design Specifications 

Participant RK stressed the importance of producing high-quality design 

drawings and assessing the flexibility of the design in the case that clients are 

expected to make late changes during the construction phase. Participant PP 

explained that quality of design is usually derived from the selection of the right 

products that have a lower environmental impact.  

This CSF was also supported in literature by Jagger et al., (2002), thus 

this research will consider “Assessing Reliability and Quality of Design 

Specifications” as a CSF that has a contribution to the success of EMS application 

and will be included in the IVREMS model. 

Raising Client Awareness towards Environmental Impact 

The interview analysis has shown a consensus between the client 

consultant SC and the senior designer RK on the importance of involving clients 

in EMS activities by raising their awareness of the benefits of this system. 

Participant RK raised a range of questions that need to be answered in order to 

assess the mindset and interest of clients towards the environment such as “what 
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kind of clients they are? what do they want to maximize the site efficiency? do 

they want to have a nice place to live? are they all about the environment or are 

they all about money and getting the most return for all their investment?”. This 

CSF also obtained a full support from Participant SC who mentioned, “the other 

side is crucial side, if [WE] have a client that takes his obligation in terms of 

environmental impact seriously, they are going to focus on securing contractors 

who also take it seriously, and what we found is that certain contractors take it 

extremely seriously”. This CSF was also described in a stream of previous studies 

by Campos (2012); Jagger et al., (2002); and Tam et al., (2006). Therefore, 

“Raising Client Awareness towards Environmental Impact” will be considered in 

the IVREMS model for its importance. 

Having Clear Leadership and Allocating Responsibility 

This is another CSF similar to the one mentioned in the previous section 

(5.4) for effective FRMS. A senior project manager JP highlighted the significance 

of determining and distributing the Feeling responsibility towards the environment 

stakeholders. In D&B, Principal Contractors (PCs) are responsible for designing 

and constructing the projects that leads the PCs to transfer part of these 

responsibilities to subcontractors (SCs). It was noted from Participant JP that 

most of the PCs take the responsibility of removing waste from construction sites 

to avoid any disputes that can be occurred between subcontractors. However, 

another PC preferred to move these responsibilities to SCs. Participant JP stated, 

“we define what waste they are going to remove from the site and what waste we 

are going to remove from the site.” 

This CSF was also referred in a stream of previous studies by Fergusson 

and Langford (2006); Griffith and Watson (2004); Sakr et al., (2010); Sharma 

(2000); Spangenberg et al., (2003); and Zutchi and Creed (2004). Therefore, 

“Having Clear Leadership and Allocating Responsibility” will be considered in 

IVREMS model for its importance. 

Involving Stakeholders  

The collaboration between all the different parties who are in charge of 
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constructing building projects is crucial in identifying their needs and requirements 

towards reducing environmental impact. A senior designer (RK) shed some light 

on responsibilities of different stakeholders who should “have a very clear picture 

from the planning from the local planning authority, what their environmental 

parameters are…” then added “More recently like within the last 10 years the jobs 

that we have been working on, our bottom lines in designs were to identify the 

items that will make environmental risks to get instructions from the client and 

documents that says I want these environmental benefits in the project and we 

need to get the environmental parameters from the planning phase”. “Involving 

stakeholders” was also defined as a CSF for ensuring effective EMS 

implementation by Zutchi and Creed (2004). This CSF will be included in the 

IVREMS model. 

6.7. Thematic Profile of Continuous Improvement Factor  

The interviewees confirmed the significance of the continuous 

improvement factor as a key factor that could influence the effectiveness of 

IVREMS. The analysis of the interviews revealed several key CSFs to ensure 

delivering continuous improvement feature in management systems that are used 

in manging D&B medium-sized building projects in the UK. These CSFs are 

summarised in Table 6.5 and discussed in detail in the following sections: 

Table 6.5: CSFs for CI in the D&B Medium-Sized Building Projects in UK 

CSF  
Client 

Consultant 
Architect Contractor Total 

Measuring selected work - ** **** 6 

Setting benchmarking - * **** 5 

Carries out reviews, documentation, and 
feedback 

* * ** 4 

Setting goals by the management - ** * 3 

Feedback - - ** 2 

Having effective communication 
between teams  

* * - 2 
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Incentivising contractors to commit to 
continuous improvement regime   

- * - 1 

Internal and external audits - - * 1 

 

Measuring Selected Work 

There is a full consensus between all contractor’s and designer’s 

representatives, who typically form one team at D&B projects, that measuring 

selected work is an important CSF, which has obtained the highest support 

compared to other CSFs that fundamentally contribute to ensure the success 

delivery of CI in management system. For instance, Participant RK highlighted 

that assessing the success or relative success at the end of the project in 

comparison to what the expectations were at the beginning of the project is 

crucial. Furthermore, Participant JP emphasised the importance of having a 

constant feedback loop to measure the achieved project’s goals against the initial 

proposed goal.  

It was also well observed that “Measuring Selected Work” was of interest 

to interviewees who are only involved in building activities. This probably is why 

it was not mentioned by any client consultants. This CSF will be included in the 

IVREMS model. 

Benchmarking 

Another important CSF is setting benchmarking, which ranked the second 

highest factor picked up by the contractors’ and designers’ representatives. A 

senior project manager (AP) expressed that establishing benchmarking system is 

an internal matter and is not disclosed, and stated, “the companies set 

benchmarking and do not share this information. It is only within their own internal 

team”. Participant RK agreed that benchmarking should be present for enhancing 

continuous improvement and stressed the importance of having some 

parameters for measuring how projects have previously performed. Participant 

JP also expressed that the consistent and constant feedback on what has been 

achieved against the goals is critical. Then an example was given by JP “As I sit 
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here now, we have to handover five flats per week to the client completely done 

and we have to do that with a certain number of snags. We cannot be over 50 

snags. If we are over 50, we fail, so we make sure they are less than 50; that's 

our goal right now. … this is a basic goal to compare [our current performance] to 

what our performance was in the previous projects”. Lastly, Participant PP 

indicated that their benchmarking system assesses their projects performances 

through the reporting system “The report that we get on a monthly basis involves 

all projects. So, we can see how projects are performing and compare them to 

each other”. 

This CSF has also been found in the literature and is the basis of any 

model created for continuous improvement. Therefore, this study will consider 

“Benchmarking” as a CSF for ensuring CI in improving management system.  

Carrying-out Review, Documentation and Feedback 

To ensure continuous improvement within a project, a loop should be 

followed that contains review, documentation, and feedback. Reviewing has been 

mentioned by Participant RK “I would set times throughout the project every two 

weeks where I would have to review things … where we want to be and how we 

can get there…”. It was also supported by Participant AP “It is always about 

reviewing so we have a timetable to go back and review what we have done…” 

Reviewing documents has helped a senior project manager RE in one of 

the largest contractors in the United Kingdom to discover the similarities between 

management systems and action has been taken to merge these systems 

according to the first level of integration which includes legislative documents 

classified by Sampaio et al., (2012) as indicated in Table 3.5. Furthermore, 

Participant SC provided a series of questions that need to be answered during 

the review of the documents in revealing all the weaknesses that need to be 

avoided in the future projects, thus achieving the concept of continuous 

improvement. “the challenge is always to absolutely review, assess and learn 

lessons about what we could have done better and what technology we should 

have considered? what was the impact on the end user? and we do that. We do 
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a lot of post occupancy reviews”. The regular submission of feedback is a key in 

the reviewing process that was mentioned by two project managers RE, and JP 

who, stated “what we have been supposed to do is feedback so we have a system 

finishing where we could actually feedback through IT or any other tool…” and 

“we have constant feedback on what we are doing”.  

This CSF is a one of the CSFs to achieve CI in management system, and 

therefore will be included in the IVRESM model.   

Setting Goals by Management Team  

An important CSF was added by Participant RK about the importance of 

setting targets where they stressed that “we can only have continuous 

improvement if we know against what we are trying to improve”. Later, RK added 

the importance of clarifying the goals before the work is carried out and described 

“So, for us and from the projects that I work on … to ensure the effectiveness of 

continuous improvement we would make sure what we are trying to achieve is 

clear in the beginning…”. Furthermore, the second senior designer NE fully 

agreed that this CSF is crucial by stating that, “we can only improve something 

when we set a target…”. Similarly, a senior project manager JP reiterated that it 

was vital to have “constant feedback on what we are doing against our goal[s]…” 

“Setting Goals by Management Team” is a key CSF in ensuring CI in 

management system and thus will be considered in the IVREMS model. 

Having Effective Communication Between Teams  

A crucial CSF has been identified by a senior designer RK who 

elaborated that having effective communications between the different teams 

would improve the work and strengthen the continuous improvement. In addition, 

further explanation was provided by a senior consultant SC who clarified that 

when one team is built and works on several projects, this robust partnership 

between team members has an effective influence on continuous improvement. 

Based on this finding, the study will consider “Having Effective Communication 

between Teams” in the IVREMS model. 
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Incentivising Contractors to Commit to Continuous Improvement Regime   

From the review at the beginning of this section, it was noted that the CI 

aspects are more relevant to practitioners involved in the construction process, 

thus contractors should believe in improving quality and encouraged to follow one 

of the continuous improvement models. “It is the contractor’s willingness. So, it is 

their willingness to sign up to the idea of continuous improvement …”.  The study 

will consider this CSF.  

Internal and External Audits 

Another CSF added by Participant PP, was the need to conduct audits 

internally and externally as they asserted “Internal and external audits. So, quality, 

environment, health and safety (H&S), and there is many but those are the three 

which can be integrated. We have both quality and environmental audits monthly. 

We also have H&S audits weekly because H&S is in the construction site …”.  

This CSF is more likely to be considered when continuous improvement 

is measured for an organisation performance, while this research focuses only on 

project-level, therefore this CSF will not be considered in this study. 

Using Lean Construction and Targeting/Considering Quality Improvement 

Based on a recent study conducted by Yasar et al., (2019), the use of 

lean construction was considered as a CSF for measuring CI. In addition, the 

consideration of improving quality was found as a CSF in studies done by Bon 

and Mustafa (2013) and Kaye and Anderson (1999). Neither of the two CSFs has 

been mentioned by any of the interviewees. Because of their importance in 

measuring CI, the researcher found that “Using Lean Construction and Targeting 

/ Considering Quality Improvement” should be included in IVREMS. 

6.8. Thematic Profile of Integration Factor  

The experts interviewed have affirmed the significance of the “integrating 

factor” as a key factor that could influence the integration between management 
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systems. The analysis of the interviews revealed several CSFs that would have 

an effect on the process of integration management system. These CSFs are 

summarised in Table 6.6. 

Table 6.6: CSFs for Effective Integration Between Management Systems 

CSF  
Client 

Consultant 
Architect Contractor Total 

Saving time  - - ** 2 

Saving resources - - ** 2 

Reduce paperwork - - ** 2 

Defining clearer objectives  - * * 2 

Enhancing process efficiency  - * * 2 

Improving decision-making - * * 2 

Achieving mutual benefits - - * 1 

Keeping an eye on difficult to quantify 
elements  

- * - 1 

Ensuring enhanced communication 
between stakeholders 

- * - 1 

 

Saving Time, Saving Resources, and Reducing Paperwork 

Two senior project managers AP and JP provided important CSFs for 

integrated management system, emphasising that integration between 

management systems would be effective when the project programme is 

improved to save time and resources. The driver that could lead to merging 

management systems is the benefit of reducing time and resource as it was 

mentioned by a senior project manager JP and commercial management PP. In 

addition, another benefit was described by two project managers RE and JP 

which is reducing paperwork. Since the reduction of paperwork is part of saving 

resources, the researcher thus decided to use only the reduction of paperwork as 

a CSF to achieve successful management system integration. 

Both CSFs (Saving Time and Reducing Paperwork) were highly identified 

in the literature by Beckmerhagen et al., (2003), Haghnegahdar and 
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Asgharizadeh (2008), Hiley and Paliokostas (2001), Karapetrovic and Jonker 

(2003), Pun and Hui (2002), Rajkovic et al., (2008), Ranesh et al., (2012a), 

Ranesh et al., 2012b), Simon et al., (2012), Wilkinson and Dale (2001), and Zeng 

et al., (2011). Therefore, both CSFs will be included in IVREMS model.  

Defining Clearer Objectives  

Defining clear objectives was identified by Participant (NE) to be vital as 

a decision-making mechanism for an integrated system that helps stakeholders 

to make better and more informed decisions based on their goals. Participant 

(RE) also confirmed that in construction projects, where everything interlinks and 

affects each other, defining clearer objective is a paramount CSF for successful 

integration. This was also supported in literature by Karapetrovic and Jonker 

(2003), Pun and Hui (2002), and Wilkinson and Dale (2001). Therefore, “Defining 

Clearer Objectives” will be considered in the IVREMS model. 

Improving Decision-Making 

A CSF was established by a senior designer NE who claimed that 

integration between management systems would be successful if practitioners 

were able to make better and faster decisions on complex issues, the complexity 

of the interrelationship between all the different elements in management systems 

would take so long to analyse that practitioner cannot analyse it quickly enough 

to be able to make an informed decision”. Participant JP stated that any integrated 

management system should provide stakeholders with more distinctive and 

definitive answers on the measurables performance. 

Research done by Hiley and Paliokostas (2001) and Kirk (1995) also 

defined this CSF, therefore the researcher will consider “Improving Decision-

Making” in the IVREMS model. 

Enhancing Process Efficiency  

Another CSF was added that to make the integration successful is when 

the unified system can increase the efficiency of processes in management 

systems. This CSF was derived from what was stated by participant NE “we are 
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relying on the [Team] to do different things so we keep asking somebody to 

process one thing manually and then ask someone else to process another thing 

that takes too long”. Participant RE explained that integration could increase the 

productivity of the work process if the unified system can include the team in direct 

site activities. Furthermore, the commercial manager PP demonstrated that the 

application of integration could be effective if expenses reductions are occurred 

by enhancing the evaluation process as follows “If we have got a certification (of 

the integrated system), cost will be cheaper in terms of reviewing the systems, 

we can just see how the systems are functioning in one integrated system rather 

than looking at them individually”. 

Enhancing Process Efficiency was also identified in literature by Dalling 

and Holt (2012), Karapetrovic and Jonker (2003), Pun and Hui (2002), and 

Wilkinson and Dale (2001), therefore it will be considered in the IVREMS model. 

Keeping an Eye on Difficult to Quantify Elements 

The senior designer RK found that the integrated management system to 

be very useful in giving a greater opportunity to monitor complex and challenging 

issues by making “improvement in our way of dealing with problems and 

changes”. This CSF of (Keeping an Eye on Difficult to Quantify Elements) was 

also identified in the literature by Kirk (1995). Therefore, it will be considered in 

the IVREMS model. 

Achieving Mutual Benefits 

Each management system implementation has several advantages, and 

integration of systems focuses on the similarities between them in terms of their 

objectives, processes, and benefits. Furthermore, the integration of systems 

would achieve mutual benefits as described by the Participant AP: “what we will 

do is bringing everybody together and we all will communicate, we all know about 

what each other person is doing so that means when we meet, we get a bit of 

knowledge from this person, a bit [of] knowledge from that person, and in this 

case we work smarter because we need to know a lot about everything”. 
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This CSF was also identified in the literature by Beckmerhagen et al., 

(2003), Dalling and Holt (2012), Mootanah et al., (1998), Pun and Hui (2002), and 

Simon et al., (2011), therefore this CSF will be considered in the IVREMS model. 

Ensuring Enhanced Communication Between Stakeholders 

Communication between merged teams is a key for an integrated 

management system. Participant RK described that “one benefit of the integrated 

management system for [stakeholders], is to make the natural tendencies explicit. 

So, making things explicit is how will we communicate, who we will talk to, [and] 

do we talk to certain people more than others?”. 

In this regard, this CSF was also mentioned by Ranesh et al., (2012b), 

therefore the CSF “Ensuring Enhanced Communication Between Stakeholders” 

will be considered in the IVREMS model. 

6.9. More Factors Affecting the Effectiveness of IVREMS  

When eight interviewees were asked to identify any new factors that could 

have an impact on the effectiveness of the proposed integrated management 

system (IVREMS), seven additional factors were provided as follows:  

Contextual Factor 

Participant RK stated that” the contextual factor is anything that is 

localised and contextual to the client or the project or the beneficiaries or it might 

have a set of parameters that aren't here beyond human environmental, risk, and 

value.” More explanations were added “In networking, other people have their 

own goals that might not be part of any integrated system which cannot ignore 

the desires, needs, values and goals of the [Stakeholders]. This is what I mean 

by contextualised”.  

This factor is already included in the Value Management Factor, 

therefore, to avoid duplication, there is no need to be added in IVREMS model.  
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Mutual Effect Factor 

The integrated system could form a tremendously complicated matrix and 

in order to set up the integrated system and make it work effectively, all the other 

integrated parts need to be understood individually and collectively by studying 

the impact of each on one another. This factor was already captured as part of 

the Integration Factor and therefore will not be considered to avoid duplication.   

3-Fundamental Factor  

According to Participant AP, 3-fundamental factor deals with “program 

safety, and quality of what [Stakeholders] call them the fundamentals of a project”. 

There are other project management systems that specifically deal with these 

issues. This research focuses only on value, financial risk, and environmental 

management systems; therefore the 3-Fundamental factor has been discarded.  

Clients Involvement Factor 

Participant JP added a factor of clients involvement “As a contractor, the 

client is a paramount player to having an effective job because [clients] can 

change their mind any minute. client here can be extremely difficult. So, we set 

out rules at the start of the job and when they change it at the end of the job … 

[clients] change the rules which can put the client into risk”. This factor has been 

adequately captured under the Value Management Factor and therefore it does 

not need to be added in the IVREMS model in order to avoid duplication. 

Resource Factor  

Participant PP highlighted the importance to have the right expertise and 

resources for the success of the integration. Participant PP stated that “Expertise 

and resources are vital because it is very well for us to say I am going to have this 

risk manager or value engineering manager but where are the resources. So, we 

might want to do it, but money is always a limiting factor”.  

Once again, this is arguably one of the key reasons why the building 

industry needs to integrate the project management systems, i.e., to optimise 

resources. The proposed conceptual model assumes that the value, financial risk, 
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and environmental management expertise is available, therefore the resources 

factor can be discarded as a factor that could influence the effectiveness of 

IVREMS. 

Health and Safety Factor  

Participant LR identified health and safety as a potential factor that could 

influence the effectiveness of IVREMS. However, there is a health and safety 

management system that specifically deals with this factor. It is expected that 

most if not all project management systems would intersect with IVREMS, but 

such intersections are assumed to be frozen and core aspects are dealt with 

within their respective system boundaries as it was discussed in Chapter 2. This 

implies that the health and safety factor is disregarded in IVREMS model.  

Human Aspects Factor  

Numerous participants have identified the vital importance of the human 

aspects in the D&B projects. For example, Participant RK stated that “because if 

I think there is any other factor there's the human interaction factor (people 

management).   

Summary of the Additional Factors  

The seven additional factors suggested are shown in Table 6.7, which 

indicates the number of occurrence and the professional category that mentioned 

them. The Human Factor (HF) was mentioned by five participants distributed 

across all professional categories. As a result of this finding, the research has 

included Human Factor (HF) as the sixth factor that could influence the 

effectiveness of IVREMS on the performance of D&B building projects. Therefore, 

the proposed model has been altered accordingly as shown in Figure 6.2. The 

next section presents the aspects that are related and included under the human 

factor in managing D&B medium-sized building projects. The rest of the additional 

factors were insignificant, therefore not added to the IVREMS model.   
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Table 6.7: Factors that have Influence on the Effectiveness of IVREMS 

Factor 
Client 

Consultant 
Architect Contractor Total 

Human Factor ** * ** 5 

Health and Safety Factor  * - - 1 

Resources Factor  - - * 1 

Client Involvement Factor  - - * 1 

3-Fundamentals Factor - - * 1 

Mutual Effects of Embedded Systems - * - 1 

Contextual Factor - * - 1 

 

6.9.1. Thematic Profile of Human Factor  

Most of the participants agreed on the vital importance of the influence of 

human factor on the effectiveness of IVREMS. For example, Participant RK stated 

that “because if I think there is any other factor there's the human interaction factor 

(people management). Participant LR added “Do not forget the human factor and 

I think [the researcher] probably can pull out quite a few examples from existing 

management systems of poor use and implementation of existing management 

systems that could be reflected in any new integrated management system”. 

Furthermore, the senior project manager JP explained that “This is the biggest 

kind of paradox in construction. [Contractors] spend years building a job to a 

scientific formula, building flats and houses in a scientific way, strict procedures, 

strict protocols, strict quality management, strict time management, scientific 

essentially, but [Contractors] are judged at the end of the job by clients on an 

emotional level. Anyone would be shocked how big a factor is emotion place in 

the acceptance of the building at the end of the job.” 

The analysis of the interviews revealed several key CSFs related to the 

human factor in D&B medium size building project in the UK. These items are 

summarised in Table 6.8 showing the professional category of the participant that 

identified the item. 
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Table 6.8: Human Factor Aspects in the D&B Medium-Sized Building Project in the UK 

Human Aspect  
Client 

Consultant 
Architect Contractor Total 

Improving gender balance (increasing the 
number of women in construction) 

- * - 1 

Creating an environment of cooperation and 
collaboration to enhance communication 

* - - 1 

Encourage willingness of expanding 
experiences and knowledge with training for 
using new systems 

- * - 1 

Improving use of management systems - * - 1 

Reducing conflicts and tensions in meetings * - - 1 

Encouraging behavioural change to shift from 
concentration on personal interest to focus 
on quality of work 

- - * 1 

Calling for Standard for Snagging to help 
assess the quality of work objectively rather 
than subjectively 

- - * 1 

Helping construction professionals who are 
resistant to any change, to accept/adopt 
changes. 

- - * 1 

 

6.10. Thematic Profile of Integrated Value, Financial Risk, 

Environmental Management System (IVREMS) 

The analysis of the interviews revealed several key CSFs for making 

IVREMS effective. These CSFs are summarised in Table 6.9. 

Table 6.9: CSFs for Effective IVREMS 

CSF  
Client 

Consultant 
Architect Contractor Total 

Planning and implementing the integration 
process (including selection of the 
integration strategies, goals, integration 
levels, and resources) 

* * **** 6 

Enhancing communication between all 
stakeholders involved in the use of the 
integrated management system 

- * *** 4 
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Enhancing accessibility and user 
friendliness of the integrated management 
system (e.g. embed the new integrated 
management system with current approach 
such as BIM, PMBOK, REX, etc)   

** * - 3 

Review and evaluation of integrated 
management system for continuous 
improvement. 

- * ** 3 

Involving, educating, and encouraging the 
client to adopt the new integrated system 

* - * 2 

 

Planning and Implementing the Integration Process  

The planning and application of the integration procedures are significant 

in making integration effective. Participant RK stated that “do not forget when [The 

researcher] is going to do [IVREMS] to test and to achieve the research goals”. 

In the same context, Participant JP mentioned “Everyone has a different objective 

on a job, the commercial manager wants to make money, the project manager 

wants to hit the program dates, and design manager wants to do nothing. 

Because they do nothing. They just want to do as little as possible. So, you got 

these three different agendas, which will have the biggest influence on the 

system.”. 

Participant JP highlighted the importance of dealing with the integration 

system differently at different stage of the D&B project and added that “It all 

depends on what stage of the job we're on. At the start of job, we need to keep 

an eye on the stuff that I have already covered such as design and scopes. During 

the construction we need to keep an eye on design coordination. It is quite all-

encompassing. There is a lot of different moving parts to a job”.  In line with this 

statement, Participant SC also stated that “bring up the systems at the right time 

on a regular basis…” 

Two participants were sceptical about the whole idea of integration 

mainly due to the lack of clarity, communication, or training. For example, 

Participant AP argued that “Sometimes we get these systems that people drop 

on us to use but if people have not communicated and being trained in how to 
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use them effectively, we might as well forget about them. Different people have 

different ways of learning and picking things so communication and training would 

be the most important thing”. In agreement, Participant JP stated that “It has to 

be an ethos. It has to be a culture within the company. It has to be bred up as a 

culture of integration because that is the biggest challenge.” 

“Planning and Implementing the Integration Process” was identified as 

a CSF for achieving IVREMS. 

Enhancing Communication Between all Stakeholders  

Enhancing the communication between all stakeholders was also 

highlighted as vital for workable integration system. For instance, Participant RK 

stated that “In addition to whether or not the system is applicable, it is how readily 

I can recall it because there are so many things that we need to deal with, so 

many problems... We need to be able to naturally incorporate it into a workflow to 

make it a natural part of what we do…” In agreement, Participant AP stated that 

“It is about communication. How you communicate to ensure that people 

understand what you are trying to do and how effective it is…” Participant JP also 

highlighted the role of effective communication between all stakeholders and 

stated that: “The commercial manager is not a design manager, and a design 

manager is not a project manager or a construction manager. All have different 

agenda and that is the difficult part of the job. I would say the biggest factor to the 

effectiveness of that system is in the project director ensuring that everyone is on 

the same page…” In line with this, Participant PP added that “communication, 

documentation, and discussions are in the centre of everything we're doing …”. 

“Enhancing Communication Between all Stakeholders” was added as a 

CSF for achieving IVREMS. 

Enhancing Accessibility and User Friendliness of IVREMS 

To ensure the proper implementation of the new proposed integrated 

system, it should be merged into one of the current tools or techniques that are 

commonly adopted such as RIBA (Plan of Work) as was suggested by a senior 
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designer RK who stated “So, to me how well to make sure that the system is 

effective is how well it dovetails or integrates with what we are already doing. 

RIBA (plan of work) generally is what we are naturally already doing. There is the 

three folds into these stages. Because projects in the way architects think about 

the world are done by stages..”, then emphasised “To me the foundation for 

effectiveness is how well it can integrate into our existing systems and 

strategies…”,  this important action was also supported by a client consultant LR 

“that would be to introduce it as part of something such as the IPM body of 

knowledge system or similar REX (the Registered Exporter System) or BIM or 

whatever. So, it does not set as an add-on, but it is sets as a clean module in their 

progress to professional chartership”. In addition, the new system should have a 

flexible accessibility to reinforce the opportunity to be adopted, Participant RK 

mentioned “I think for any integrated system to be effective it has also to be 

intelligible and valuable in the sense that it's useful and accessible…” This feature 

was also reiterated by client consultant SC “So, it needs to be actively and 

constantly reviewed and accessible…”. 

This CSF captured the great importance of simplifying the work while 

minimizing the costs when applying new systems in construction building projects. 

Combining the new integrated system while facilitating its accessibility is a vital 

issue and is consistent with Almeida et al., (2014) who stated that financial 

investment is one of the main barriers to implement an integrated system. 

Therefore, this research considered “Enhancing Accessibility and User 

Friendliness of IVREMS” in IVREMS model. 

Review and Evaluation of Integrated Management System for Continuous 

Improvement  

The integrated system should be measurable to facilitate its reviewing 

and maintain delivering a continuous improvement. Participant (RK) stated that 

the new integrated system should have “a continuous improvement factor of how 

that system delivers …”. 
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This CSF was also supported by Participant RE “If you can improve on 

something generally that can be measured, and it is how you set up and see you 

are going to very clear goals. Something that you can actually look and have an 

output. I think this [is] the key thing for me…”. And Participant JP provided more 

explanations about this CSF “they would have a fully integrated management 

system they would also be able to deliver on their promises in a more effective 

than definitive manner so they would be able to set their goals quicker…”. 

Therefore, this research considered “Review and Evaluation of Integrated 

Management System for Continuous Improvement” in the IVREMS model. 

Involving, Educating, and Encouraging the Client to Adopt the New 

Integrated System 

The client plays a major role in building projects, especially with regard to 

the application and implementation of management systems that are taken into 

account in the pre-construction stage. Generally, there are systems that the client 

is obliged to implement to satisfy regulations and legislations such as RMS and 

others to reduce environmental risks. This is unlike value management system, 

which depends on the extent of client conviction of its importance for 

implementation, especially in medium-sized building projects. For integrated 

management system between value, financial risk and environment, a client 

consultant LR emphasised the client’s role and mentioned “it would be the 

client[’s] driver. So, the client would need to have a very strong brief that requires 

the team to meld the value management and environmental management and 

risk management together. And the client would only have that imperative if their 

board or trustees or their funders require them to do. …”. This CSF was reiterated 

by a senior project manager JP “So, a lot of different agendas and if the 

[integrated] system [is] to work, the client, and the project director have to take 

this system to the guys and say look I do not care about your agenda. You all 

work within this system and this is the best way to do it”. The research considered 

“Involving, Educating, and Encouraging the Client to Adopt the New Integrated 

System” in IVREMS model.  
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6.11. Thematic Profile of Projects Performance for Medium-Sized 

Design and Build Building Projects 

The analysis of the interviews revealed several CSFs for measuring the 

performance of the Medium-Sized D&B Building projects in the UK. These items 

are summarised in Table 6.10. 

Table 6.10: CSFs for D&B Medium-Sized Building Projects Performance in the UK 

CSF  
Client 

Consultant 
Architect Contractor Total 

Completing the project within the 
schedule 

** ** **** 8 

Design clarity as the project progress * ** *** 6 

Making profits by the stakeholders (e.g. 
contractors, subcontractor, and 
designers)  

** * *** 6 

Satisfying the client - ** ** 4 

Achieving required quality * - *** 4 

Sustainability ** - * 3 

Regular reviewing - - ** 2 

Completing the project within the budget - * * 2 

Design flexibility * * - 2 

Interpretation of design intent - * * 2 

Communications - * - 2 

Achieving health and safety - - ** 2 

Contractor capabilities in delivering 
projects  

- * - 1 

Design special requirements * - - 1 

Reducing environmental impacts - - * 1 

Risk - - * 1 

 

Completing the Project within the Schedule 

The interviews findings assert that completing the building project within 

the time schedule is a primary key to measure the project performance.  This CSF 

obtained a full consensus from all the interview participants; two senior designers, 
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two clients’ consultants, and four contractors’ senior project managers. 

Participant AP stated, “in the programme there will be key milestones to deliver, 

we must hit these milestones to complete on time”. In the same point, Participant 

JP emphasised this CSF and stated, “[Contractors] need to complete the project 

on time”. In addition, this is in line with the findings of numerous previous studies 

by Cheung et al., (2004), Constructing Excellence (2009), Ikediashi et al., (2012), 

KPI Working Group (2000), Lam et al., (2007), Luu et al., (2008), Pillai et al., 

(2002), Rankin et al., (2008), Skibniewski and Ghosh (2009), Toor and Ogunlana 

(2010), Wibowoa et al., (2015), Wong (2004), and Zulu (2007). Therefore, 

“Completing the Project within the Schedule” was considered in the IVREMS 

model. 

Design Clarity as the Project Progress  

The second most important CSF for measuring the performance of 

building projects was the importance of design clarity, which was defined by the 

majority of the participants, i.e., a client consultant, two senior architect and three 

senior project managers. A senior project manager JP illustrated that “the 

contractor should be proactive enough during their design and measure design 

clarity”. This is in line with what the senior designer RK stated, “communicate 

better when the interpretation of the design is required”. A client consultant LR 

detailed “there are factors that constrain [Clients] from adopting new changes in 

the building design process”, and then gave an example of the importance of the 

design flexibility, which should allow a new special requirement that is needed for 

disabled users.  

This CSF was also supported in two studies done by Skibniewski and 

Ghosh (2009) and Toor and Ogunlana (2010). Based on this discussion, “Design 

Clarity as the Project Progress” was considered as a CSF for measuring D&B 

medium size building projects in IVREMS model. 

Making Profits by the Stakeholders  

A senior designer RK and two client’s consultants LR and SC agreed that 

saving money is the aim of determining whether or not the building project 
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performed well. A senior designer NE mentioned that the designer’s duty is not to 

waste the client money. Saving money for client team means reducing expenses, 

completing projects within budget, and avoiding design changes. “Completing the 

Project within the Budget” was highly supported in literature by Cheung et al., 

(2004), Constructing Excellence (2009), Ikediashi et al., (2012), KPI Working 

Group (2000), Lam et al., (2007), Luu et al., (2008), Pillai et al., (2002), Rankin et 

al., (2008), Skibniewski and Ghosh (2009), Toor and Ogunlana (2010), Wibowoa 

et al., (2015), Wong (2004), and Zulu (2007), thus it was considered in IVREMS 

model. 

On the contrary, three senior construction managers working for major 

construction companies defined money from a different point of view by stating 

that the contractor’s main goal is to make the maximum profits. Participant PP 

explained that “cost would be one of [Contractors’] interest, as one of the reasons 

[Contractors] go for D&B is to make sure of costs certainty”. This is in line with 

Constructing Excellence (2009) and Wibowoa et al., (2015). Therefore, “Making 

profits by the stakeholders (e.g., contractors, subcontractor, and designers)” was 

also considered in IVREMS model. 

Satisfying the Client 

Clients’ satisfaction is one of the key priorities for contactors and design 

teams, according to the interviewees, as two senior designers and two other 

senior project managers stressed this CSF, as second senior designer RK 

mentioned “deliver the project to the client’s satisfaction”. The senior designer NE 

described his role and stated, “As a designer, I do something that is necessary 

for the client”. While a senior project manager JP raised one important question 

after the completion of the project which is, “was the client happy?” another 

project manager PP clearly emphasised this CSF and stated, “achieving client 

satisfactions” is one main goal.  

This CSF was also found in several previous studies by Constructing 

Excellence (2009), KPI Working Group (2000), Luu et al., (2008), Rankin et al., 

(2008), Skibniewski and Ghosh (2009), and Zulu (2007). Therefore “Satisfying the 
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Client” will be considered as a CSF for measuring the performance of D&B 

medium-sized building projects in the IVREMS model.  

Achieving Required Quality 

The work quality is another target for project stakeholders to achieve. In 

a D&B project, contractors are responsible for designing and constructing the 

project as explained in section (2.1.2). There is a somewhat consensus among 

project managers and a client consultant for achieving work quality. In addition, 

achieving the required quality was also identified in several studies by Cheung et 

al., (2004), Ikediashi et al., (2012), KPI Working Group (2000), Lam et al., (2007), 

Luu et al., (2008), Rankin et al., (2008), Wibowoa et al., (2015), Wong (2004), 

and Zulu (2007). Therefore, “Achieving Required Quality” will be considered in 

the IVREMS model.  

Sustainability and Environmental Impacts 

The interviews indicated that two client’s consultants and two project 

managers considered the environmental impact of building projects as a critical 

CSF for improving building project performance. Participant JP explained the 

minimum requirements that each building project needs for fulfilment of the local 

authority requirements during the construction stage and stated, “We have a 

section 61 that specifies that we are allowed to work at a certain hour of the day”. 

Section 61 provides environmental safeguard during construction works. These 

measures involve the control of water consumption, transfer waste, dust, noise 

… etc. This CSF was also identified in numerous previous studies such as 

Cheung et al., (2004), Constructing Excellence (2009), Lam et al., (2007), Rankin 

et al., (2008), and Wibowoa et al. (2015). Sustainability focuses on three main 

axes, which are economy, society, and environment. Since this research is 

concerned only with the impact of building projects on the natural environment, 

only “Reducing Environmental Impacts” has been considered in the IVREMS 

model. 
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Achieving Health and Safety  

effective management of health and safety was described by the 

interviewees as an important CSF. In addition, this CSF was also highly identified 

in literature by Cheung et al., (2004), Ikediashi et al., (2012), KPI Working Group 

(2000), Luu et al., (2008), Rankin et al., (2008), Toor and Ogunlana (2010), 

Wibowoa et al., (2015), and Wong (2004). Therefore, “Achieving Health and 

Safety” will be considered as a CSF for measuring the performance of D&B 

medium size building projects in the IVREMS model.   

Regular Reviewing, Communications, and Contractor’s Ability to Deliver 

Projects  

Participant AP explained the steps that are normally taken to monitor the 

activities during the construction phase in order to ensure the targeted milestones 

are being achieved by conducting regular meetings with the project team. 

Participant PP stated, “We have a workshop called “Lessons Learned” 

workshops. So, before we finish the project, we try to capture as many lessons 

as possible from what went wrong to see where we have gone wrong”. In these 

workshops, communication between different stakeholders was also an important 

CSF as Participant RK explained “how difficult the contractor was working with 

us”. Participant PP mentioned that their practice ensures all stakeholders are 

included when meetings are conducted. A further CSF was added by Participant 

RK who highlighted the importance of the contractor’s competences to deliver 

building projects. However, all of these three CSFs are primarily related to 

activities during the construction stage and the real assessment of project 

success should be carried out after the completion of the project. Therefore, this 

research did not consider them as CSFs in the IVREMS model. 

6.12. The Finalised IVREMS Model 

Firstly, based on the literature, the researcher extracted five main factors 

that could have an impact on the effectiveness of the proposed integrated system 

(IVREMS). 
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Figure 6.1: Drawn Paths between Factors (Variables) 
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Then, several CSFs were identified for each of these factors. The 

interviews with eight professionals helped to verify these factors and also added 

a new factor, i.e., the human factor, to the model. The interviewees also provided 

CSFs for each component of the IVREMS model. A full discussion was developed 

to triangulate the literature and interviews findings on the main factors and their 

CSFs. The finalised model is shown in Figure 6.2 and the respective items for 

each CSF (variable) are summarised in Table 6.11. The linkages between the 

main factors were set in a series of hypotheses as shown in Figure 6.1, to be 

tested using the quantitative analysis. The drawn paths between the factors are 

also shown in Figure 6.1 with the summarised list of all hypotheses shown in 

Table 6.10.   

The research will investigate how the six factors, Value Factor (VF), 

Financial Risk Factor (FRF), Environmental Factor (EF), Continuous 

Improvement Factor (CIF), Integration Factor (IF), and Human Factor (HF) will 

directly influence the effectiveness of IVREMS and also, the impact of the six 

factors directly on the performance of D&B medium-sized building projects. The 

second stage will investigate the indirect influence of VF, FRF, EF, CIF, IF, and 

HF on the performance of D&B medium-sized building projects. In each of the two 

approaches, the IVREMS model includes six independents’ variables (VF, FRF, 

EF, CIF, IF, and HF), one mediating variable (effectiveness of IVREMS), and one 

dependent variable (performance of D&B medium-sized building projects). The 

quantitative analysis of the hypotheses is presented in Chapter 8. 

Table 6.11: Summary of the Research Hypotheses 

Hypothesis  

No. 
Description of Hypothesis 

Hypothesis 1 
VF positively impact the performance of D&B medium size building 
project 

Hypothesis 2 
FRF positively impact the performance of D&B medium size building 
project 

Hypothesis 3 
EF positively impacts the performance of D&B medium size building 
project 
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Hypothesis 4 
CIF positively impacts the performance of D&B medium size building 
project 

Hypothesis 5 
IF positively impacts the performance of D&B medium size building 
project 

Hypothesis 6 
HF positively impacts the performance of D&B medium size building 
project 

Hypothesis 1a VF positively impact the effectiveness of IVREMS  

Hypothesis 2a FRF positively impact the effectiveness of IVREMS 

Hypothesis 3a EF positively impacts the effectiveness of IVREMS 

Hypothesis 4a IF positively impacts the effectiveness of IVREMS 

Hypothesis 5a CIF positively impacts the effectiveness of IVREMS 

Hypothesis 6a HF positively impacts the effectiveness of IVREMS 

Hypothesis 1b 
Mediation of IVREMS affects the relationship between VF and the 
performance of D&B medium size building project 

Hypothesis 2b 
Mediation of IVREMS affects the relationship between FRF and the 
performance of D&B medium size building project 

Hypothesis 3b 
Mediation of IVREMS affects the relationship between EF and the 
performance of D&B medium size building project 

Hypothesis 4b 
Mediation of IVREMS affects the relationship between CIF and the 
performance of D&B medium size building project 

Hypothesis 5b 
Mediation of IVREMS affects the relationship between IF and the 
performance of D&B medium size building project 

Hypothesis 6b 
Mediation of IVREMS affects the relationship between HF and the 
performance of D&B medium size building project 

Hypothesis 7 
The effectiveness of IVREMS positively impacts the performance of D&B 
medium size building project  
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Table 6.12: Summary of Independent, Mediator, and Dependent Variables with their CSFs   

Independent Variable Mediating Variable Dependent Variable 

Factor 1. Value Management Factor 
1. Defining clear goals of VM exercises (study)  
2. Timing of VM workshops  
3. Applying structured job plan  
4. Regular engagement of clients  
5. Having experienced team (qualified Value Facilitator)  
6. Interaction among workshop participants  
7. Using of relative skills and techniques (such as SMART, 

FAST, Brainstorming, etc)  
8. Having multidisciplinary VM team    

Effectiveness of IVREMS  
 
1. Planning and implementing the 

integration process (including selection 
of the integration strategies, goals, 
integration levels, and resources) 

2. Ensuring that the management of 
environmental items are not diminished 
as the various systems are integrated  

3. Review and evaluation of integrated 
management system for continuous 
improvement. 

4. Ensuring that the management of Value 
items are not diminished as the various 
systems are integrated. 

5. Involving, educating and encouraging 
the client to adopt the new integrated 
system 

6. Ensuring that the management of 
Financial Risk items are not diminished 
as the various systems are integrated. 

7. Enhancing accessibility and user 
friendliness of the integrated 
management system (e.g. embed the 
new integrated management system 
with current approach such as BIM, 
PMBOK, REX, etc)   

8. Enhancing communication between all 
stakeholders involved in the use of the 
integrated management system 

 

Performance of D&B 
Medium-Sized Building 
Project 
 
1. Making profits by stakeholders 

(e.g. contractors, sub-
contractors, and designers) 

2. Design clarity as the project 
progress 

3. Satisfying the client 
4. Achieving required Health and 

Safety 
5. Achieving required quality 
6. Reducing environmental impact 
7. Completing the project within 

budget 
8. Completing the project within 

schedule  

Factor 2. Financial Risk Management Factor 
1. Client empowerment in order to be fully involved in the 

financial risk management process 
2. Appointment of a qualified Risk Analyst/Manager 
3. Carrying out risk identification and analysis 
4. Risk allocation or apportionment 
5. Seeking for risk mitigating solutions and appraise new or 

residual risk 
6. Carrying out risk monitoring, documentation and control 
7. Having communication between stakeholders 
8. Carrying out risk management post-evaluation and 

feedback 

Factor 3. Environmental Management Factor 
1. Regular reviewing and documentations of environmental 

impacts 
2. Setting up guidelines and benchmarking system 
3. Considering the environmental impacts of the building 

project at the pre-construction stage 
4. Assessing reliability and quality of design specification  
5. Raising client awareness towards environmental impact  
6. Adopting green technology and techniques 
7. Having clear leadership and allocating responsibility  
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8. Involving Stakeholders 

Factor 4. Continuous Improvement Factor 
1. Setting goals by the management team 
2. Measuring selected works 
3. Setting benchmarking  
4. Carrying out reviews, documentation and feedback 
5. Having effective communication between teams  
6. Using lean construction 
7. Considering /Targeting quality improvement   
8. Incentivizing contractors to commit to continuous 

improvement regime 

Factor 5. Integration Factor 
1. Defining clearer objectives  
2. Keeping an eye on difficult-to-quantify elements 
3. Improving decision-making  
4. Achieving mutual benefits 
5. Saving time  
6. Enhance process efficiency 
7. Reduce paperwork  
8. Ensuring enhanced communication between stakeholders 

Factor 6. Human Factor 
1. Helping construction professionals who are resistant to any 

change, to accept/adopt changes. 
2. Calling for a Standard for Snagging to help assess the 

quality of work objectively rather than subjectively  
3. To encourage behavioural change to shift from 

concentration on personal interest to focus on quality of 
work 

4. Reducing conflicts and tensions in meetings  
5. Improving use of the management systems appropriately   
6. Encourage willingness of expanding experiences and 

knowledge with training for using new systems 
7. Creating an environment of cooperation and collaboration 

to enhance communication 
8. Improving gender balance (increasing the number of 

women in construction) 
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Chapter 7. Quantitative Data Analysis I: 

Descriptive Analysis 

 

7.1. Introduction to Chapter 7  

Based upon the identified items and the finalised conceptual model 

shown in Chapter 6, a questionnaire has been developed, aiming at evaluating 

the effect of IVREMS on the performance of D&B medium-sized building 

projects (See Appendix G). The questionnaire has been administered to 

practitioners involved in the delivery of D&B projects. This chapter discusses 

the descriptive analysis of the data collected from the respondents including 

demographic data, and respondents’ experience in management systems. It 

also addresses the data screening (missing data and normality test) to ensure 

the collected data is clean before performing any statistical analysis at the next 

stage. The IBM Statistical Packages for the Social Sciences (SPSS/version 

25) was employed to conduct the data entry, data screening, descriptive 

analysis, and consistency reliability analysis. The chapter also reports on the 

levels of variances among participants responses regarding the effectiveness 

of IVREMS and the performance of D&B medium-sized building projects using 

Kruskal-Wallis and ANOVA tests. 

7.2. Screening Data 

This section presents the first step taken to ensure that the collected 

data is clean before performing any further statistical analysis in order to 

ensure the reliability and validity of the data. It discusses the missing data and 

normality test. 

7.2.1. Missing Data  

Missing data applies to all variables that do not have clear values. 

Missing data generate difficulties in analysis that cannot be carried out 

because the data collected are insufficient. According to Hair et al., (2010), 



193 
 

any individual case or observation involving missing data of less than 10% will 

generally be ignored. The results illustrated that all cases have no missing 

data which implies that the data is sufficient for the selected analysis 

technique. In order to avoid any missing data within the given questions, the 

JISC online questionnaire option of “required to answer this question” was 

selected for all questions, thus the respondents had to respond to all questions 

to complete the questionnaire. If a respondent failed to answer any question, 

a message indicating the unfinished questions was generated. The participant 

would not be able to proceed to the next section unless all the questions were 

answered. Simply, no missing value was possible within any given question. 

The only part in the questionnaire which was left open as not mandatory to be 

completed is the question related to application of management systems of 

value, financial risk, and environment shown in Table 7.1. This was set up so 

to enable the participants to share their experiences in the survey even if their 

current organisation did not apply any of these management systems whether 

individually or integrated with other systems, but the participants may still have 

had extensive experience in management systems.   

Except for the part of the application concerning the value, risk, and 

environmental management systems, it is important to note that whenever any 

participant fails to fully complete the other parts of the questionnaire, data from 

such participants will have been discarded and their participation will 

completely be disregarded. As a result, a total number of 104 participants have 

successfully completed the questionnaire and hence been used for the 

analysis. 

7.2.2. Normality of Data  

Normality is an essential assumption in a multivariate analysis that 

applies to the distribution of data for a variable (Hair et al., 2010). Field (2009) 

confirmed that according to the central limit theorem, (a) if the sample data is 

approximately normal then the sampling distribution will therefore be normal; 

and (b) the sampling distribution tends to be normal in large samples (> 30 or 

40), regardless of the type of data. Since the respondents’ number was 104, 

(and >40), then the data distribution is normal. 
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7.3. Descriptive Analysis of Collected Data 

This section addresses the results from the descriptive analysis of the 

data gathered from questionnaire participants. It outlines a summary of the 

demographic data of the participants such as the type of the organisation they 

work in, their current roles, and number of years of their experience in the UK 

construction industry. In addition, knowledge of any of value, financial risk, and 

environmental management systems applications. A sample size of 104, 

consisting of practitioners from varied backgrounds in D&B building projects, 

was used as part of the research. 

7.3.1. Sector Representation (Organisation Type)  

Respondents were grouped under six sectors according to the type of 

the organisation/company they work with as follows: (a) private client 

organisation; (b) private consultancy; (c) private contractor; (d) local 

government; (e) government ministry/department/agency; and (f) charity/non-

governmental organisation. The participants were asked to select the sector 

that best represented them.  

 

Figure 7.1: Type of Organisation 

Figure 7.1 presents the participants’ demographics according to their 

sector representation. Notably, of the 104 respondents who completed the 

survey, over 96% of participants were somewhat associated with private 

sector with a majority (nearly 85%) with an affiliation with a contractor or 
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consultancy company. The distribution of participants within different 

organisations representing different sector provides rich information from 

various perspectives. 

7.3.2. Current Job Roles of Respondents  

Most questionnaire respondents held senior positions in their 

organisations. Figure 7.2 presents the current job positions of the 

respondents. Of the 104 respondents, 39.4% (n=41) were project managers, 

while 24% (n=25) were construction managers. Furthermore, 11.5% (n=12) of 

the respondents were quantity surveyor/cost engineers, 8.7% (n=9) were 

engineers, and 6.7% (n=7) were architects. Another 10 participants with 

different titles from those listed on the question were given the option of 

entering their position titles manually, as shown at the bottom of Figure 7.2. 

These ten positions manually entered as “other”, included quality and 

assurance manager, construction director, contracts manager, cost manager, 

development manager, head of risk management, planner, sustainability, and 

energy assessor (one each), and two risk managers, as shown in Figure 7.2. 

 

Other Roles  

▪ Quality & Assurance Manager 1 

▪ Construction Director 1 

▪ Contracts Manager 1 

▪ Cost Manager 1 

▪ Development Manager 1 

▪ Head of Risk Management 1 

▪ Planner 1 
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▪ Risk Manager 2 

▪ Sustainability and Energy Assessor 1 

Figure 7.2: Current Job Title of Participants 

7.3.3. Years of Experience of Respondents 

It was necessary for respondents to have extensive industry 

experience to gather accurate information. The level of seniority within the 

organisation, in turn, warrants the quality and legitimacy of the data collected. 

Figure 7.3 presents the years of experience in construction industry for 

respondents who completed the questionnaire. Of the 104 respondents, who 

participated in questionnaire, 68.3% (n=72) had more than 12 years of 

experience,10.6% (n=11) had from 8 to 12 years. Furthermore, 17.3% (n=18) 

had three to seven years of experience, while only 4% (n=4) had less than 

three years. 

 

Figure 7.3: Years of Construction Experience for Respondents 

7.4. Mean Distribution of All Variables   

This section outlines the mean distribution and standard deviation for 

each variable used in this research. As shown in Table 7.1, the mean 

distribution of the majority of the variables is greater than three, which confirms 

the validity of all the items and indicates that majority of the respondents had 

4

18

11

71

3.8

17.3

10.6

68.3

0

10

20

30

40

50

60

70

80

<3 3-7 8-12 >12

Years of Experience 

Number

Percentage



197 
 

a positive perception about improvement in the performance of D&B medium-

sized building projects. 

Table 7.1: Descriptive Statistics of All items (Observed Variables) 

 N Min. Max Mean 
Std. 

Deviation 

Value Management System 104 1 5 3.64 1.140 

Financial Risk Management System 104 1 5 4.06 1.139 

Environmental Management System 104 1 5 3.53 1.123 

Defining clear goals of VM exercises  104 1 5 4.15 .810 

Timing of VM workshops 104 2 5 3.93 .827 

Applying structured job plan 104 2 5 4.11 .812 

Regular engagement of clients 104 2 5 4.31 .751 

Having experienced team (qualified Value 
Facilitator) 

104 2 5 4.12 .862 

Interaction among workshop participants 104 2 5 4.22 .737 

Using of relative skills and techniques (such as 
SMART, FAST, Brainstorming, etc) 

104 2 5 3.88 .804 

Having multidisciplinary VM team 104 2 5 4.01 .960 

Client empowerment in order to be fully involved in 
the financial risk management process 

104 1 5 3.82 1.022 

Appointment of a qualified Risk Analyst/Manager 104 1 5 3.61 1.037 

Carrying out risk identification and analysis 104 2 5 4.41 .648 

Risk allocation or apportionment 104 3 5 4.32 .612 

Seeking for risk mitigating solutions and appraise 
new or residual risk 

104 2 5 4.30 .709 

Carrying out risk monitoring, documentation and 
control 

104 2 5 4.25 .679 

Having communication between stakeholders 104 2 5 4.27 .827 

Carrying out risk management post-evaluation and 
feedback 

104 2 5 4.05 .805 

Regular reviewing and documentations of 
environmental impacts 

104 2 5 4.10 .704 
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Setting up guidelines and benchmarking system 104 2 5 4.04 .800 

Considering the environmental impacts of the 
building project at the pre-construction stage 

104 2 5 4.44 .680 

Assessing reliability and quality of design 
specification 

104 2 5 4.07 .884 

Raising client awareness towards environmental 
impact 

104 2 5 4.27 .740 

Adopting green technology and techniques 104 2 5 4.03 .853 

Having clear leadership and allocating 
responsibility 

104 2 5 4.20 .805 

Involving Stakeholders 104 2 5 4.06 .834 

Setting goals by the management team 104 2 5 4.27 .791 

Measuring selected works 104 2 5 4.04 .723 

Setting benchmarking 104 2 5 4.26 .683 

Carrying out reviews, documentation and feedback 104 2 5 4.29 .692 

Having effective communication between teams 104 2 5 4.48 .737 

Using lean construction 104 1 5 3.71 .921 

Considering /Targeting quality improvement 104 2 5 4.15 .773 

Incentivising contractors to commit to continuous 
improvement regime 

104 1 5 4.10 .961 

Defining clearer objectives 104 2 5 4.36 .681 

Keeping an eye on difficult-to-quantify elements 104 2 5 4.10 .795 

Improving decision-making 104 3 5 4.23 .595 

Achieving mutual benefits 104 2 5 4.11 .787 

Saving time 104 2 5 4.20 .793 

Enhance process efficiency 104 3 5 4.29 .618 

Reduce paperwork 104 2 5 4.00 .870 

Ensuring enhanced communication between 
stakeholders 

104 2 5 4.28 .743 

Helping construction professionals who are 
resistant to any change, to accept/adopt changes. 

104 2 5 4.16 .871 
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Calling for a Standard for Snagging to help assess 
the quality of work objectively rather than 
subjectively 

104 2 5 4.09 .871 

To encourage behavioural change to shift from 
concentration on personal interest to focus on 
quality of work 

104 2 5 4.21 .759 

Reducing conflicts and tensions in meetings 104 2 5 3.97 .908 

Improving use of the management systems 
appropriately 

104 2 5 4.00 .763 

Encourage willingness of expanding experiences 
and knowledge with training for using new systems 

104 3 5 4.18 .635 

Creating an environment of cooperation and 
collaboration to enhance communication 

104 3 5 4.38 .643 

Improving gender balance (increasing the number 
of women in construction) 

104 1 5 3.78 1.024 

Planning and implementing the integration process 
(including selection of the integration strategies, 
goals, integration levels, and resources) 

104 1 5 4.21 .759 

Ensuring that the management of environmental 
items are not diminished as the various systems 
are integrated 

104 1 5 4.08 .772 

Review and evaluation of integrated management 
system for continuous improvement. 

104 1 5 4.03 .769 

Ensuring that the management of Value items are 
not diminished as the various systems are 
integrated. 

104 1 5 4.05 .781 

Involving, educating and encouraging the client to 
adopt the new integrated system 

104 2 5 3.94 .890 

Ensuring that the management of Financial Risk 
items are not diminished as the various systems 
are integrated. 

104 1 5 4.15 .707 

Enhancing accessibility and user friendliness of the 
integrated management system (e.g. embed the 
new integrated management system with current 
approach such as BIM, PMBOK, REX, etc) 

104 2 5 3.94 .933 

Enhancing communication between all 
stakeholders involved in the use of the integrated 
management system 

104 2 5 4.21 .746 

Making profits by stakeholders (e.g. contractors, 
sub-contractors, and designers) 

104 1 5 3.89 1.051 

Design clarity as the project progress 104 1 5 4.41 .745 
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Satisfying the client 104 1 5 4.44 .774 

Achieving required health and safety 104 1 5 4.52 .710 

Achieving required quality 104 1 5 4.56 .708 

Reducing environmental impacts 104 1 5 4.29 .832 

Completing the project within budget 104 1 5 4.38 .791 

Completing the project within schedule 104 1 5 4.38 .766 

Valid Number  104 

 

7.5. Application of Value, Financial Risk, and Environmental 

Management Systems in D&B Medium-Sized Building Projects in 

the United Kingdom  

As shown in Table 7.2, the results indicate that 50% of the participants 

adopt VMS, FRMS, and EMS in their D&B building projects. 51% apply VMS, 

and 50% apply each for the FRMS and EMS. D&B project provides an 

advantage of engaging the principal contractor from the beginning of the 

project especially in the design process (Wilson, 2006), this enhances the 

integration of systems with each other. The results, which were almost 

identical among the participants, have indicated that these three systems are 

being implemented concurrently, and this also emphasising the possibility of 

combing them together and thus reinforces the aim of this research. The 

researcher left the answer to this question open (as not mandatory to be 

answered) since it was expected that not all practitioners apply VMS, FRMS, 

and EMS in their D&B projects. Three participants have not answered this 

question, which indicated that none of these three management systems had 

been applied into their D&B projects. As a result, the multiple benefits of VMS, 

FRMS, and EMS applications were omitted. 

Table 7.2: Application of VMS, FRMS, and EMS in D&B Medium Size Building Project  

 

VMS FRMS EMS 

Frequency Percent Frequency Percent Frequency Percent 

Standalone 53 51.0 52 50.0 52 50.0 
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Integrated 48 46.2 49 47.1 49 47.1 

Total 101 97.1 101 97.1 101 97.1 

Missing data 3 2.9 3 2.9 3 29 

Total 104 100.0 104 100.0 104 100 

7.6. Differences in the Level of Effectiveness of IVREMS and D&B 

Medium Size Building Project Performance Among the Different 

Sectors representatives  

Differences in the level of the effectiveness of IVREMS between 

sectors’ representatives: the question is: is a significant difference in the level 

of the items that make IVREMS effective between sectors’ representatives 

(private client organisation, private consultancy, and private contractor)? 

Ho (null hypothesis): There is no significant difference in the level of 

the items that make IVREMS effective between sectors’ representatives 

(private client organisation, private consultancy, and private contractor). 

Ha (alternative hypothesis): There is a significant difference in the 

level of the items that make IVREMS effective between sectors’ 

representatives (private client organisation, private consultancy, and private 

contractor). 

The Kruskal–Wallis test was conducted to compare the difference in 

the perception level of agreement on the items that make the integrated 

management system (IVREMS) effective between private client organisation, 

private consultancy, and private contractor. As shown in Table 7.3 below, there 

was no statistically significant difference in the level of perception into the 

items that make IVREMS effective as p-value is 0.235 (p>0.05), with a mean 

rank of M = 4.1836 for private consultancy, M = 4.0491 for the private 

contractor, and M = 3.8542 for private client organisation, as presented in 

Table 7.4. 

Table 7.3: Kruskal Wallis Test for Differences between Respondents Perceptions on 

Effectiveness of IVREMS and D&B Medium-Sized Projects Performance 

 VF FRF EF CIF IF HF IVREMS PP 
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Kruskal-Wallis H .197 .107 .083 3.329 1.648 .520 2.893 2.184 

df 2 2 2 2 2 2 2 2 

Asymp. Sig. .906 .948 .959 .189 .439 .771 .235 .336 

 
 

Table 7.4: ANOVA Test for Differences between Respondents on Effectiveness of 

IVREMS and D&B Medium-Sized Projects Performance among Sectors’ 

Representatives (Private Client Organisation, Private Consultancy, and Private 

Contractor) 

 N Mean 

Std. 

Deviation Std. Error 

Value Factor 

 

Private Client Organisation 12 4.0833 .49492 .14287 

Private Consultancy 32 3.9792 .65548 .11587 

Private Contractor 56 4.0476 .52964 .07078 

Total 100 4.0300 .56476 .05648 

Financial Risk 

Factor 

Private Client Organisation 12 4.2708 .67805 .19574 

Private Consultancy 32 4.3438 .40536 .07166 

Private Contractor 56 4.3125 .50057 .06689 

Total 100 4.3175 .49218 .04922 

Environmental 

Factor 

Private Client Organisation 12 4.1563 .54908 .15851 

Private Consultancy 32 4.1719 .56507 .09989 

Private Contractor 56 4.1250 .56155 .07504 

Total 100 4.1438 .55601 .05560 

Cont. 

Improvement 

Factor 

 

Private Client Organisation 12 4.1875 .52359 .15115 

Private Consultancy 32 4.1797 .58625 .10364 

Private Contractor 56 4.3750 .54979 .07347 

Total 100 4.2900 .56152 .05615 

Integration 

Factor 

Private Client Organisation 12 4.0417 .54181 .15641 

Private Consultancy 32 4.1719 .52914 .09354 

Private Contractor 56 4.2411 .54557 .07290 

Total 100 4.1950 .53840 .05384 

Human 

Factor 

Private Client Organisation 12 4.1667 .50170 .14483 

Private Consultancy 32 4.1920 .46129 .08154 

Private Contractor 56 4.0969 .58940 .07876 

Total 100 4.1357 .53813 .05381 

Effectiveness 

of IVREMS 

Private Client Organisation 12 3.8542 .86082 .24850 

Private Consultancy 32 4.1836 .43992 .07777 

Private Contractor 56 4.0491 .55221 .07379 

Total 100 4.0688 .56781 .05678 
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D&B Building 

Medium Size 

Project 

Performance 

Private Client Organisation 12 4.0729 1.05186 .30365 

Private Consultancy 32 4.3164 .49083 .08677 

Private Contractor 56 4.4397 .50056 .06689 

Total 100 4.3563 .59309 .05931 

  

The null hypothesis states that there is no significant difference in the 

level of the items that make IVREMS effective between sectors’ 

representatives (private client organisation, private consultancy, and private 

contractor). Because the p-value is greater than the significance level of 0.05, 

there is significant evidence to accept the null hypothesis. This concludes that 

there is a no significant difference in the level of the items that make IVREMS 

effective between sectors representatives (private client organisation, private 

consultancy, and private contractor). 

Differences in the level of agreement on the CSFs that measure the 

performance of the D&B medium-sized building projects, the question is:  is 

there a significant difference in the level of agreement of the CSFs that 

measure the performance of the D&B medium-sized building projects between 

sectors’ representatives (private client organisation, private consultancy, and 

private contractor)?  

Ho (null hypothesis): There is no difference in the level of the CSFs 

that measure the performance of the D&B medium-sized building projects. 

between sectors’ representatives (private client organisation, private 

consultancy, and private contractor). 

Ha (alternative hypothesis): There is a significant difference in the 

level of the CSFs that measure the performance of the D&B medium-sized 

building projects between sectors’ representatives (private client organisation, 

private consultancy, and private contractor). 

The Kruskal–Wallis test was conducted to compare the difference in 

the perception level of the CSFs that measure the performance of the D&B 

medium size building project between participants from private client 

organisation, private consultancy, and private contractor. As shown in Table 

7.4, there was no statistically significant difference in the level of the CSFs that 
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measure the performance of the D&B medium-sized building projects as p is 

0.336 (p>0.05), with a mean rank of M = 4.3164 for private consultancy, M= 

4.4397 for the private contractor, and M = 4.0729 for private client 

organisation, as presented in Table 7.5. The null hypothesis states that there 

is no significant difference in the level of the CSFs that measure the 

performance of the D&B medium-sized building projects between sectors’ 

representatives (private client organisation, private consultancy, and private 

contractor). Because the p-value is greater than the significance level of 0.05, 

there is significant evidence to accept the null hypothesis. This concludes that 

there is a no significant difference in the level of the CSFs that measure the 

performance of the D&B medium-sized building projects between sectors’ 

representatives (private client organisation, private consultancy, and private 

contractor). 

7.7. Summary of Chapter 7  

This chapter described the descriptive analysis of the respondents of 

the questionnaires including demographic data and the respondents 

experience in the UK construction industry. In addition, it outlined the current 

application of value, financial risk, and environmental management systems in 

the D&B medium size building project in the UK. The data screening confirms 

that the collected data is clean and there was no missing data found. The data 

involved a sample size of 104 practitioners from different backgrounds and 

sectors in D&B building projects. The majority of the respondents were private 

contractors, private consultants, and clients with 12 years and more of 

experience in the UK construction industry. The results also suggest that the 

current implementation of value, financial risk, and environmental 

management systems are more often interfaced/integrated with each other. 

The mean distribution of the majority of the variables was found to be greater 

than three, which seems to suggest that the variables are appropriate, and 

that majority of the participants had a positive perception of improvement of 

the performance of D&B medium-sized building projects. 
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Chapter 8. Quantitative Data Analysis II: 

Exploratory Factor Analysis (EFA) and Testing 

Hypothesis 

 

8.1. Introduction to Chapter 8 

The purpose of this chapter is to ensure the consistency of the survey, 

by confirming that the authenticity of the questionnaire construction is affirmed. 

Also, each item (observed variable) should belong to the dimension factor 

group (latent variable) especially as sections of the questionnaire were 

recently constructed. The items in this questionnaire have not been tested in 

any previous studies; therefore, the research adopted the Exploratory Factor 

Analysis (EFA) to evaluate the factors first, as discussed in section (8.2.1). In 

addition, this chapter presents the assessment tests including the convergent 

and discriminant validity, as well as the reliability for the new model. The result 

of the assessment must show solid evidence of convergent validity, 

discriminant validity, and reliability before proceeding with further analysis and 

testing the research hypotheses. Both the initial and further analyses were 

conducted using the IBM Statistical Packages for the Social Sciences (SPSS) 

version 22. A further analysis aims to test the correlation between variables. 

The linear and multiple regression analyses were used to perform Baron and 

Kenny steps to test the mediation effects. Having ensured that the collected 

data was clean and normally distributed, the Kaiser-Meyer-Olkin (KMO) and 

Bartlett's Test were employed to check whether or not the data was 

appropriate to continue with the EFA procedure (Young and Pearce, 2013). 

KMO and Bartlett's Test of Sphericity, as shown in Table 8.1, indicates that all 

values of independent and dependent variables have achieved the minimum 

level of 0.754 with a significant p-value of p<0.05. 
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8.2. Factor Analysis  

The purpose of the Factor Analysis (FA) was described as “tool for 

analysing the structure of the interrelationships (correlations) among a large 

number of variables (e.g., test scores, test items, questionnaire responses) by 

defining sets of variables that are highly interrelated, known as factors” (Hair 

2006). Each factor is conceded with a set of highly related items, which 

represent the core dimensions within large numbers of variables (Field 2009). 

FA may be considered specifically appropriate for inspections in which the 

research participants are given a considerable amount of questionnaire items 

to measure a smaller number of frameworks (Huck, 2012).  

There were three main different goals that drive the researcher to 

conduct FA technique. These goals can be described as data reduction 

(minimise the number of variables in each factor group), instrument 

development (construct the model), and trait identification. FA technique is 

also used in the design of studies to produce, improve, or analyse the surveys 

and tests. In some cases, FA helps researcher to assign individual items to 

different instrument predictor variables and identify the poorly performing 

items which should be discarded (Huck, 2012). The FA goal was to validate 

the survey (to test the validity of the construct) (Huck, 2012). This research 

employed EFA because the new proposed integrated management system 

(IVREMS) is newly developed as a measuring instrument and no previous 

study has established its validity yet. In the next section, the successive steps 

to conduct EFA are presented, namely: firstly, checking the suitability of data 

to be used in EFA, followed by factors extraction, and lastly, factor rotation 

method. 

8.2.1. Exploratory Factor Analysis (EFA)  

The research model can be structured without any limitation of the 

number of factors which derived from a set of variables (items) (Schumacker 

and Lomax 2004). The Kaiser-Meyer-Olkin (KMO) test (Lorenzo-Seva et al., 

2011) and the Bartlett's sphericity test (Hair et al., 2006: 110) were used to 

confirm if the data from the measurements are suitable for factor analysis (test 

the validity). In the KMO test, values above 0.5 are suggested for applying 
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EFA (Hair et al., 1998), and a statistically significant Bartlett test (p-value= 

0.05) shows that adequate relationships occur between the variables to 

proceed with the study (Hair et al., 2006). As shown in Table 8.1, the KMO test 

for the sampling size adequacy is 0.754, which is greater than 0.5. Also, the 

value of the Bartlett's Test of Sphericity is 0.000, which is highly significant as 

its probability is less than 0.05, which implies that the correlation matrix 

produced by this data is not an identity matrix and is therefore appropriate for 

FA. 

Kaiser (1974) illustrated that the average communality value of each 

variable should be checked if the sample size is less than 300. MacCallum 

and Austin (2000) stated that the average communality value for each variable 

between (0.5 and 0.6) is acceptable for sample sizes ranging between 100 to 

200, while the value above 0.6 is acceptable for samples below 100.  

Table 8.1: KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.754 

Bartlett's Test of 

Sphericity 

Approx. Chi-Square 3550.538 

df 1540 

Sig. 0.000 

 

The following step is to select the factor extraction method from the 

three common methods: Maximum Likelihood (ML), Principal Components 

Analysis (PCA), and Principal Axis Factoring (PAF). The ML is only performed 

when the researcher sets out the assumption of underlying factors and choses 

to conduct a Structural Equation Modelling (SEM) to perform the Confirmatory 

Factor Analysis (CFA). In SEM, the number of observed variables is often used 

to calculate sample size. Bentler and Chou (1987) recommend that since 

latent variables have multiple indicators, a ratio of 5 cases per variable is 

appropriate. This means number of the independent variables (64 in this 

research) multiple 5 in order to achieve the minimum of sample size. It means 

to run SEM needs a minimum sample size of 320. Since the sample size of 

104, it is concluded that this approach should be discarded. 

The other two methods are both suitable to be used. The difference 

between PCA and PAF method is that PAF analyses the relationship between 
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the individual item variances and common variances shared between items, 

whereas the PCA analyses the relationships between the individual item 

variances and the total (both common and error) variances shared between 

items. The researcher decided to use PCA to extract factors. Child (2006) 

stated that in the early stages of the analysis using PCA method, the ratio 

measure of an item’s unique variance to its shared variance, known as its 

communality, should be determined. Also, when adopting the dimension 

reduction strategy to identify observed variables with a shared variance, items 

with communality scores less than 0.2 should be removed. Costello and 

Osborne (2005) argued that the removed items which have low communality 

scores may indicate additional factors which might be identified in future 

studies by structuring and measuring additional items. From the analysis 

conducted, the communalities scores of all items are above 0.2, as shown in 

Table 8.2, therefore all the items in the model are used to process EFA.  

Table 8.2: Communalities Scores for Items (Independent Variables) 

 Initial Extraction 

Defining clear goals of VM exercises (study) 1.000 0.815 

Timing of VM workshops 1.000 0.659 

Applying structured job plan 1.000 0.700 

Regular engagement of clients 1.000 0.808 

Having experienced team (qualified Value Facilitator) 1.000 0.739 

Interaction among workshop participants 1.000 0.743 

Using of relative skills and techniques (such as SMART, FAST, 

Brainstorming, etc) 
1.000 0.768 

Having multidisciplinary VM team 1.000 0.716 

Client empowerment in order to be fully involved in the financial risk 

management process 
1.000 0.758 

Appointment of a qualified Risk Analyst/Manager 1.000 0.690 

Carrying out risk identification and analysis 1.000 0.761 

Risk allocation or apportionment 1.000 0.767 

Seeking for risk mitigating solutions and appraise new or residual risk 1.000 0.731 

Carrying out risk monitoring, documentation, and control 1.000 0.732 

Having communication between stakeholders 1.000 0.664 

Carrying out risk management post-evaluation and feedback 1.000 0.729 

Regular reviewing and documentations of environmental impacts 1.000 0.798 

Setting up guidelines and benchmarking system 1.000 0.794 
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Considering the environmental impacts of the building project at the 

pre-construction stage 
1.000 0.728 

Assessing reliability and quality of design specification 1.000 0.705 

Raising client awareness towards environmental impact 1.000 0.751 

Adopting green technology and techniques 1.000 0.750 

Having clear leadership and allocating responsibility 1.000 0.689 

Involving Stakeholders 1.000 0.787 

Setting goals by the management team 1.000 0.709 

Measuring selected works 1.000 0.823 

Setting benchmarking 1.000 0.749 

Carrying out reviews, documentation, and feedback 1.000 0.739 

Having effective communication between teams 1.000 0.805 

Using lean construction 1.000 0.755 

Considering /Targeting quality improvement 1.000 0.697 

Incentivising contractors to commit to continuous improvement 

regime 
1.000 0.711 

Defining clearer objectives 1.000 0.742 

Keeping an eye on difficult-to-quantify elements 1.000 0.749 

Improving decision-making 1.000 0.716 

Achieving mutual benefits 1.000 0.737 

Saving time 1.000 0.748 

Enhance process efficiency 1.000 0.809 

Reduce paperwork 1.000 0.792 

Ensuring enhanced communication between stakeholders 1.000 0.716 

Helping construction professionals who are resistant to any change, 

to accept/adopt changes. 
1.000 0.658 

Calling for a Standard for Snagging to help assess the quality of work 

objectively rather than subjectively 
1.000 0.709 

To encourage behavioural change to shift from concentration on 

personal interest to focus on quality of work 
1.000 0.739 

Reducing conflicts and tensions in meetings 1.000 0.737 

Improving use of the management systems appropriately 1.000 0.688 

Encourage willingness of expanding experiences and knowledge with 

training for using new systems 
1.000 0.765 

Creating an environment of cooperation and collaboration to enhance 

communication 
1.000 0.758 

Improving gender balance (increasing the number of women in 

construction) 
1.000 0.775 

Planning and implementing the integration process (including 

selection of the integration strategies, goals, integration levels, and 

resources) 

1.000 0.720 
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Ensuring that the management of environmental items are not 

diminished as the various systems are integrated 
1.000 0.818 

Review and evaluation of integrated management system for 

continuous improvement. 
1.000 0.759 

Ensuring that the management of Value items are not diminished as 

the various systems are integrated. 
1.000 0.739 

Involving, educating and encouraging the client to adopt the new 

integrated system 
1.000 0.617 

Ensuring that the management of Financial Risk items are not 

diminished as the various systems are integrated. 
1.000 0.741 

Enhancing accessibility and user friendliness of the integrated 

management system (e.g. embed the new integrated management 

system with current approach such as BIM, PMBOK, REX, etc) 

1.000 0.683 

Enhancing communication between all stakeholders involved in the 

use of the integrated management system 
1.000 0.722 

Extraction Method: PCA 

8.2.1.1. Pattern Matrix 

After selecting the extraction factor method, a factor rotation type also 

needs to be selected to conduct EFA. An orthogonal rotation can improve the 

solution from the unrotated one, but it forces the factors to be independent 

from each other and the most popular orthogonal rotation technique is 

varimax. An oblique rotation allows for a degree of correlation between the 

factors in order to improve the intercorrelation between the items within one 

main factor group. In addition, it creates two additional factor matrices called 

pattern and structure. Field (2013) recommends using either the direct oblimin 

or promax rotation (under oblique rotation) with the default parameter settings. 

Each item is given a score in each factor. According to Field (2013), items with 

factor loading less than 0.3 must be suppressed. Field (2013) illustrated that 

score greater than 0.4 are considered stable. There should be as many factors 

as possible with at least three items with an acceptable loading score. Items 

should be removed one by one until the solution satisfies all the requirements. 

The number of extracted factors may need to be reduced during the process. 

Last step, after the EFA has been carried out, validation process should be 

conducted. There are different ways to extract and double-check the derived 

scales. For a successful analysis, there should be a higher average correlation 

between the items in the derived scales than the average correlation between 
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the scales. The proportion of the total variance explained by the retained 

factors should be noted. As a general rule this should be at least 50% (Costello 

and Osborne, 2005). The adequacy of the sample size should also be 

checked. The average communality should be checked for small samples. 

Finally, a test for multicollinearity based on the size of the determinant of the 

correlation matrix should be carried out. Only the items with meaningful 

loadings were retained in the analysis.  

The results of the EFA, including the pattern matrices for the seven 

groups (independent variables) are shown in Table 8.3. For input variables, 

the scale items loaded in seven factors, including Value Management Factor 

(VF), Financial Management Risk Factor (FRF), Environmental Management 

Factor (EF), Continuous Improvement Factor (CIF), Integration Factor (IF), 

and Human Factor (HF). The EFA showed that the goal clarity and rewards 

items empirically combined. This result also appeared conceptually sound 

upon examination of the final set of items, as the rewards items.  

Table 8.3: Total Variance Explained 

C
o
m

p
o
n
e

n
t 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Rotation Sums 

of Squared 

Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulativ

e % Total 

1 15.407 27.513 27.513 15.407 27.513 27.513 9.631 

2 3.347 5.976 33.489 3.347 5.976 33.489 7.068 

3 2.417 4.317 37.806 2.417 4.317 37.806 8.646 

4 2.299 4.106 41.911 2.299 4.106 41.911 9.447 

5 2.204 3.935 45.846 2.204 3.935 45.846 7.657 

6 2.009 3.588 49.434 2.009 3.588 49.434 6.257 

7 1.765 3.151 52.585 1.765 3.151 52.585 5.793 

8 1.719 3.070 55.655     

9 1.587 2.835 58.490     

10 1.507 2.690 61.180     

11 1.388 2.479 63.659     

12 1.361 2.430 66.089     

13 1.193 2.130 68.218     

14 1.136 2.028 70.246     

15 1.054 1.882 72.128     
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16 1.018 1.818 73.946     

17 .965 1.722 75.668     

18 .911 1.627 77.296     

19 .810 1.447 78.743     

20 .786 1.403 80.146     

21 .744 1.328 81.474     

22 .702 1.254 82.728     

23 .682 1.218 83.945     

24 .626 1.117 85.062     

25 .601 1.073 86.136     

26 .545 .974 87.110     

27 .531 .948 88.058     

28 .500 .892 88.950     

29 .449 .802 89.751     

30 .442 .790 90.541     

31 .422 .754 91.295     

32 .404 .722 92.017     

33 .378 .674 92.691     

34 .354 .631 93.323     

35 .341 .610 93.932     

36 .315 .563 94.495     

37 .300 .535 95.030     

38 .270 .481 95.512     

39 .261 .467 95.979     

40 .244 .435 96.414     

41 .235 .419 96.832     

42 .230 .411 97.243     

43 .184 .329 97.572     

44 .172 .308 97.880     

45 .167 .299 98.178     

46 .147 .262 98.440     

47 .135 .241 98.681     

48 .128 .229 98.910     

49 .116 .207 99.116     

50 .104 .186 99.302     

51 .091 .163 99.465     

52 .086 .153 99.618     

53 .074 .131 99.750     

54 .055 .099 99.849     

55 .046 .082 99.930     
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56 .039 .070 100.000     

Extraction Method: PCA 

8.2.1.2. Convergent Validity 

Convergent validity is assessed by testing the factor loadings and 

goodness of fit indices. This is evident by the factor loadings as discussed in 

section (8.2.1.1). Sufficient and significant loadings depend on the sample size 

as shown in Table 8.6, which presents the thresholds for sufficient factor 

loadings. It can be noted that in the pattern matrix, for sample size of 104 

(greater than 40), the minimum significant loadings were achieved for all 

independent variables’ groups (VF, FRF, EF, CIF, IF, HF and IVREMS). 

8.2.1.3. Discriminant Validity 

Discriminant validity refers to the extent to which factors are distinct 

and uncorrelated. The rule is that variables should relate more strongly to their 

own factor than to another factor. Two primary methods exist for determining 

discriminant validity during the EFA. The first method is to examine the pattern 

matrix. Variables should load significantly only on one factor. If cross-loadings 

do exist (variable loads on multiple factors), then the cross-loadings should 

differ by more than 0.2. The second method is to examine the factor correlation 

matrix, as shown in Table 8.4. Correlations between factors should not exceed 

0.7. A correlation greater than 0.7 indicates a majority of shared variance (0.7 

x 0.7 = 49% shared variance). As shown in Table 8.4, factor correlation matrix, 

all factors correlated to each other with no less than 0.2 and not more than 

0.7.  

Table 8.4: Factor Correlation Matrix 

Component 1 2 3 4 5 6 7 

1 1.000 .358 .407 .484 .424 .235 .285 

2 .358 1.000 .203 .241 .333 .208 .258 

3 .407 .203 1.000 .413 .319 .350 .266 

4 .484 .241 .413 1.000 .372 .341 .408 

5 .424 .333 .319 .372 1.000 .287 .259 

6 .235 .208 .350 .341 .287 1.000 .220 

7 .285 .258 .266 .408 .259 .220 1.000 
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Extraction Method: Principal Component Analysis.   

Rotation Method: Promax with Kaiser Normalization. 

8.2.1.4. Reliability of EFA  

The reliability of the questionnaire with the 5-point Likert scale, was 

determined using Cronbach’s Alpha calculated using SPSS. Cronbach’s alpha 

is “a single correlation coefficient that is an estimate of the average of all the 

correlation coefficients of the items within a test” (Ho, 2006). The way to test 

reliability in an EFA is to compute Cronbach's alpha for each factor, and the 

Cronbach's alpha should be above 0.3. Although the value will generally 

increase for factors with more variables and decrease for factors with fewer 

variables, each factor should aim to have at least three items (variables), 

although two items, is sometimes acceptable (Hinton et al. 2004). Table 8.5 

demonstrated that all the independent variables has more than 0.3 and a 

minimum of three items in each group. 

Table 8.5: Cronbach's Alpha for Factors (Independent Variables) 

Factor 
Cronbach 

Alpha 
Number 
of items  

Reliability   

Value  0.632 3 Moderate 

Risk 0.706 4 High 

Environmental   0.855 8 High 

Continuous Improvement   0.675 4 Moderate 

Integration  0.737 4 High 

Human 0.853 7 High 

IVREMS 0.861 8 High 

 

With Cronbach ‘s Alpha Coefficient being between 0 and 1, Hinton et 

al. (2004) suggested the alpha value of 0.90 and above shows excellent 

reliability, 0.70 to 0.90 shows high reliability, 0.50 to 0.70 shows moderate 

reliability and 0.50 and below shows low reliability. Similarly, according to Ho 

(2006), an alpha value of 0.80 or higher suggests that the entire test is 

internally consistent, and all items are reliable. 
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 Table 8.6: Pattern Matrix 

 

Component (Factor) 

1 2 3 4 5 6 7 

Defining clear goals of VM exercises (study) 
  

0.818 
    

Timing of VM workshops 
  

0.528 
    

Applying structured job plan 0.505 
      

Regular engagement of clients 
  

-0.311 
  

0.729 
 

Having experienced team (qualified Value Facilitator) 
    

0.399 
 

-0.369 

Interaction among workshop participants 
     

0.655 
 

Using of relative skills and techniques (such as SMART, FAST, 
Brainstorming, etc) 

    
0.525 

  

Having multidisciplinary VM team 
    

0.311 0.556 
 

Client empowerment in order to be fully involved in the financial risk 
management process 

     
0.661 

 

Appointment of a qualified Risk Analyst/Manager 0.651 
      

Carrying out risk identification and analysis 
      

0.572 

Risk allocation or apportionment 
      

0.698 

Seeking for risk mitigating solutions and appraise new or residual 
risk 

      
0.792 

Carrying out risk monitoring, documentation and control 
  

0.335 
   

0.386 

Having communication between stakeholders 
     

0.558 
 

Carrying out risk management post-evaluation and feedback 
    

0.331 
  

Regular reviewing and documentations of environmental impacts 
   

0.625 
   

Setting up guidelines and benchmarking system 
   

0.585 
   

Considering the environmental impacts of the building project at the 
pre-construction stage 

   
0.514 

 
-0.353 

 

Assessing reliability and quality of design specification 
   

0.698 
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Raising client awareness towards environmental impact 
   

0.836 
   

Adopting green technology and techniques 
   

0.677 
   

Having clear leadership and allocating responsibility 
  

0.475 0.370 
   

Involving Stakeholders 
   

0.544 
 

0.432 
 

Setting goals by the management team 
  

0.649 
    

Measuring selected works 
      

0.410 

Setting benchmarking 0.376 
      

Carrying out reviews, documentation and feedback 
  

0.351 
    

Having effective communication between teams 
  

0.682 
    

Using lean construction 
   

0.380 0.420 
  

Considering /Targeting quality improvement 
  

0.489 
 

0.371 
  

Incentivising contractors to commit to continuous improvement 
regime 

    
0.523 

  

Defining clearer objectives 
  

0.324 
    

Keeping an eye on difficult-to-quantify elements 0.546 
      

Improving decision-making 0.481 
      

Achieving mutual benefits 
    

0.447 
  

Saving time 
    

0.811 
  

Enhance process efficiency 
 

0.371 
  

0.580 
  

Reduce paperwork 
    

0.657 
  

Ensuring enhanced communication between stakeholders 
 

0.384 
   

0.425 
 

Helping construction professionals who are resistant to any change, 
to accept/adopt changes. 

0.542 
      

Calling for a Standard for Snagging to help assess the quality of 
work objectively rather than subjectively 

0.375 
      

To encourage behavioural change to shift from concentration on 
personal interest to focus on quality of work 

0.539 
      

Reducing conflicts and tensions in meetings 0.693 
      

Improving use of the management systems appropriately 0.585 
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Encourage willingness of expanding experiences and knowledge 
with training for using new systems 

0.612 
      

Creating an environment of cooperation and collaboration to 
enhance communication 

0.399 
      

Improving gender balance (increasing the number of women in 
construction) 

       

Planning and implementing the integration process (including 
selection of the integration strategies, goals, integration levels, and 
resources) 

 
0.771 

     

Ensuring that the management of environmental items are not 
diminished as the various systems are integrated 

 
0.718 

 
0.389 

   

Review and evaluation of integrated management system for 
continuous improvement. 

 
0.532 

     

Ensuring that the management of Value items are not diminished as 
the various systems are integrated. 

 
0.680 

     

Involving, educating and encouraging the client to adopt the new 
integrated system 

 
0.435 

 
0.211 

   

Ensuring that the management of Financial Risk items are not 
diminished as the various systems are integrated. 

 
0.672 

     

Enhancing accessibility and user friendliness of the integrated 
management system (e.g. embed the new integrated management 
system with current approach such as BIM, PMBOK, REX, etc) 

 
0.400 0.506 

    

Enhancing communication between all stakeholders involved in the 
use of the integrated management system 

 
0.589 

   
0.362 

 

Extraction Method: Principal Component Analysis.  
Rotation Method: Promax with Kaiser Normalization. 
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8.3. Correlation Between Effectiveness of IVREMS and D&B 

Medium-Sized Projects Performance 

Correlations estimate the strength of the linear relationship between 

only two variables.  Correlation coefficients range from -1.0 (a perfect negative 

correlation) to positive 1.0 (a perfect positive correlation). The closer 

correlation coefficients get to -1.0 or 1.0, the stronger the correlation.  The 

closer a correlation coefficient gets to zero, the weaker the correlation is 

between the two variables.  

This section examines the relationship between the effectiveness of 

IVREMS and the D&B performance of medium-sized projects. The hypothesis 

H7 statement is: There is a significant impact of the effectiveness of IVREMS 

on the D&B performance of medium-sized projects. The (null hypothesis) 

statement is: There is not a significant impact of the effectiveness of IVREMS 

on the medium-sized projects performance. 

As shown in Table 8.7, the Pearson coefficient is 0.61 (greater than 

0.5), at p=0.000. this indicates that there is a positive significant correlation 

between the effectiveness of IVREMS and the D&B performance of medium-

sized projects. Thus, the H7 is correct, and the alternative hypothesis is 

rejected.  

Table 8.7: Correlation between Effectiveness of IVREMS and D&B Performance 

of Medium-Sized Projects 

 

Effectiveness of 

IVREMS 

D&B Medium Size 

Building Project 

Performance 

Effectiveness of 

IVREMS 

Pearson Correlation 1 .610 

Sig. (2-tailed)   .000 

N 104 104 

D&B Medium Size 

Building Project 

Performance 

Pearson Correlation .610 1 

Sig. (2-tailed) .000  

N 104 104 

Correlation is significant at the 0.01 level (2-tailed) 
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8.4. Testing the Mediation Effect of Effectiveness of IVREMS on the 

Relationship Between Each Key Factors and Performance of 

D&B Medium-Sized Building Projects 

A study conducted by Yasar et al., (2019) employed both the 

mediation analysis techniques of Baron and Kenny steps [which was cited 

102928 times]3 and the Bootstrapping in AMOS/SEM to test the mediation 

effects of continuous improvement on the relationship between innovation and 

financial performance. Yasar et al., (2019) used both techniques and produced 

identical results, which made the researchers to conclude that any of the 

techniques would be appropriate. The researcher therefore decided to select 

Barron and Kenny steps technique to test the mediations effects between the 

various relationships studied. According to Baron and Kenny (1986), 

mediating effect should be tested through the three following steps, as shown 

in Figure 8.1: (i) to test the effect of independent variable X on the dependent 

variable Y. (ii) to test the effect of the effect of independent variable X on the 

mediator variable M, and finally, (iii) to test the effect of independent variable 

X with the mediator variable M on the dependent variable Y.  

Step (1) Step (2) Step (3) 

   
 

Figure 8.1: Baron and Kenny Steps 

Although according to what was originally suggested by Baron and 

Kenny, the first step is controversial, and if there is no significant relationship 

between X and Y, the analysis process should be moved to the next step on 

the ground that there is a theoretical background to their relationship (Shrout 

and Bolger, 2002). If step (2) indicates significant relationships between X and 

M, and also step (3) indicates significant relationships between X with M, and 

Y, and the direct effect of X on Y does not exist in step 3 then it means that M 

 
3 As shown on Google Scholar website on 5th May 2021.  
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fully mediate the relationships between X and Y. On the other hand, if X still 

has a significant effect on Y in step (3) then it means that M partially mediates 

the relationship between X and Y (Baron and Kenny, 1986). 

8.4.1. Testing the Mediation of the Effectiveness of IVREMS in the 

Relationship between Value Factor and Performance of D&B 

Medium-Sized Building Projects 

The main hypothesis statement for testing a mediator effect of the 

effectiveness of IVREMS in the relationship between value and performance 

of D&B medium-sized building projects is:  

H1b: “Effectiveness of IVREMS mediates the relationship between 

value management factor and performance of D&B medium-sized building 

projects”. 

8.4.1.1. Step 1: Regression Analysis between Value Management 

Factor and Performance of D&B Medium-Sized Building 

Projects 

The first sub-hypothesis H1 statement is: “Value Management has 

significant effect on Performance of D&B Medium-Sized Building Projects”. In 

this relationship, value management is the independent variable whereas 

performance of D&B medium-sized building projects is the dependent 

variable. The simple linear regression analysis indicates an insignificant 

relationship as p-value reaches insignificance level of 0.070 (which is above 

the 0.05 alpha level). This means there is not a statistically significant 

relationship between value management and performance of D&B medium-

sized building projects. 

8.4.1.2. Step 2: Regression Analysis between Value Management 

Factor and Effectiveness of IVREMS 

The second sub-hypothesis H1a statement is: “Value Management 

has significant effect on Effectiveness of IVREMS”. In this relationship, Value 

is the independent variable whereas Effectiveness of IVREMS is dependent 
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variable. The simple linear regression analysis indicates a significant 

relationship as p-value reaches significance of 0.000 (which is less than the 

0.05 alpha level). This means there is a statistically significant relationship 

between value management and effectiveness of IVREMS. 

8.4.1.3. Step 3: Regression Analysis between Value Management 

Factor, Effectiveness of IVREMS and Performance of D&B 

Medium-Sized Building Projects 

The third sub-hypothesis H1b statement is: “Value Management and 

Effectiveness of IVREMS have significant effect on Performance of D&B 

Medium-Sized Building Projects”. In this relationship, Value Management and 

Effectiveness of IVREMS are independent variables whereas Performance of 

D&B Medium-Sized Building Projects is dependent variable. The multiple 

linear regression analysis indicates a significant relationship between value 

with effectiveness of IVREMS as the p-value is 0.000 (less than 0.05 alpha 

level). Also, the result indicates an insignificant relationship between value 

management and performance as p-value reaches significance of 0.436 

(above the 0.05 alpha level) and a significant relationship between 

effectiveness of IVREMS and the performance of D&B medium-sized building 

projects as p-value reaches significance of 0.000 (which is less above the 0.05 

alpha level).  

The summary of the sub-hypotheses analysis results in Table 8.8 

indicate that the H1 is rejected, whereas H1a and H1b are supported. In step 

(3), it is clearly shown that the effect of value on performance of D&B medium-

sized building projects is completely disappeared as the beta value turned into 

negative which means the full mediation is achieved. 

Table 8.8: Summary of Sub-Hypotheses of H1, H1a, and H1b 

Hypothesis (1A) Statement for Path 
Analysis (three sub-hypothesis) 

p value 
Result on 

hypothesis 

H1 0.077 Rejected 

H1a 0.000 Supported 

H1b 0.000 Supported 
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Result: Effectiveness of IVREMS fully mediates the relationship 
between value management and performance of D&B medium-sized 
building projects. 

 

8.4.2. Testing the Mediation of the Effectiveness of IVREMS in the 

Relationship between Financial Risk Management Factor and 

Performance of D&B Medium-Sized Building Projects 

The main hypothesis statement for testing a mediating effect of the 

effectiveness of IVREMS in the relationship between financial risk and 

performance of D&B medium size building project is:  

H2b: “Effectiveness of IVREMS mediates the relationship between 

financial risk management factor and performance of D&B medium size 

building project”. 

8.4.2.1. Step 1: Regression Analysis between Financial Risk 

Management Factor and Performance of D&B Medium-

Sized Building Projects 

The first sub-hypothesis H2 statement is: “Financial Risk Management 

has significant effect on Performance of D&B Medium-Sized Building 

Projects”. In this relationship, financial risk is the independent variable 

whereas performance of D&B medium-sized building projects is the 

dependent variable. The simple linear regression analysis indicates an 

insignificant relationship as p-value reaches insignificance level of 0.106 

(which is greater than the 0.05 alpha level). This means there is not a 

statistically significant relationship between financial risk management and 

performance of D&B medium-sized building projects. 

8.4.2.2. Step 2: Regression Analysis between Financial Risk 

Management Factor and Effective IVREMS 

The second sub-hypothesis (H2a) statement is: “Financial Risk 

Management has significant effect on Effectiveness of IVREMS”. In this 

relationship, Financial Risk Management is the independent variable whereas 
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Effectiveness of IVREMS is dependent variable. The simple linear regression 

analysis indicates a significant relationship as p-value reaches significance of 

0.000 (which is less than the 0.05 alpha level). This means there is a 

statistically significant relationship between financial risk management and 

effectiveness of IVREMS. 

8.4.2.3. Step 3: Regression Analysis between Financial Risk 

Management, Effectiveness of IVREMS and Performance of 

D&B Medium-Sized Building Projects 

The third sub-hypothesis H2b statement is: “Financial Risk 

Management and Effectiveness of IVREMS have significant effect on 

Performance of D&B Medium-Sized Building Projects”. In this relationship, 

Financial Risk Management and Effectiveness of IVREMS are independent 

variables whereas Performance of D&B Medium-Sized Building Projects is 

dependent variable. The multiple linear regression analysis indicates a 

significant relationship between (financial risk with effectiveness of IVREMS) 

as the p-value is 0.000 (less than 0.05 alpha level). Also, the result indicates 

an insignificant relationship between financial risk and performance as p-value 

reaches significance of 0.436 (above the 0.05 alpha level) and a significant 

relationship between effectiveness of IVREMS and the performance of D&B 

medium-sized building projects as p-value reaches significance of 0.000 

(which is less above the 0.05 alpha level).  

The summary of the sub-hypotheses analysis results shown in Table 

8.9 indicate that the H2 is unsupported, whereas H2a and H3b are supported. 

In step 3, it is clearly shown that the effect of financial risk on perfomnce of 

D&B medium-sized building projects is completely disappeared as the beta 

value turned into negative that means the full mediation is achieved. 

Table 8.9: Summary of Sub-Hypotheses of H2, H2a, and H2b 

Hypothesis (2A) Statement for Path 
Analysis (three sub-hypothesis) 

p-value 
Result on 

hypothesis 

H2 0.106 Rejected 

H2a 0.000 Supported 
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H2b 0.000 Supported 

Result: Effectiveness of IVREMS fully mediates the relationship 
between financial risk management and performance of D&B medium-
sized building projects. 

8.4.3. Testing the Mediation Effect of the Effectiveness of IVREMS 

in the Relationship between Environmental Management 

Factor and Performance of D&B Medium-Sized Building 

Projects 

The main hypothesis statement for testing a mediator effect of the 

effectiveness of IVREMS in the relationship between environmental 

management and performance of D&B medium-sized building projects is:  

H3b: “Effectiveness of IVREMS mediates the relationship between 

environmental management and performance of D&B medium-sized building 

projects”. 

8.4.3.1. Step 1: Regression Analysis between Environmental 

Factor and Performance of D&B Medium-Sized Building 

Projects 

The first sub-hypothesis H3 statement is: “Environmental 

Management has significant effect on Performance of D&B Medium-Sized 

Building Projects”. In this relationship, environmental management is the 

independent variable whereas performance of D&B medium-sized building 

projects is the dependent variable. The simple linear regression analysis result 

indicates a significant relationship as p-value reaches insignificance level of 

0.002 (which is less than the 0.05 alpha level). This means there is a 

statistically significant relationship between environmental management and 

performance of D&B medium-sized building projects. 

8.4.3.2. Step 2: Regression Analysis between Environmental 

Management Factor and Effectiveness of IVREMS 

The second sub-hypothesis H3a statement is: “Environmental 

Management has significant effect on Effectiveness of IVREMS”. In this 
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relationship, Environmental management is the independent variable whereas 

Effectiveness of IVREMS is dependent variable. The simple linear regression 

analysis result indicates a significant relationship as p-value reaches 

significance with a p-value of 0.000 (which is less than the 0.05 alpha level). 

This means there is a statistically significant relationship between 

environmental management and effectiveness of IVREMS. 

8.4.3.3. Step 3: Regression Analysis between Environmental 

Management Factor, Effectiveness of IVREMS and 

Performance of D&B Medium-Sized Building Projects 

The third sub-hypothesis H3b statement is: “Environmental 

Management and Effectiveness of IVREMS have significant effect on 

Performance of D&B Medium-Sized Building Projects”. In this relationship, 

Environmental Management and Effectiveness of IVREMS are independent 

variables whereas Performance of D&B Medium-Sized Building Projects is 

dependent variable. The multiple linear regression analysis result indicates a 

significant relationship between (Environmental Management with 

Effectiveness of IVREMS) as the p-value is 0.000 (less than 0.05 alpha level). 

Also, the result indicates an insignificant relationship between Environmental 

Management and Performance of D&B Medium-Sized Building Projects as p-

value reaches significance of 0.696 (above the 0.05 alpha level) and a 

significant relationship between effectiveness of IVREMS and the 

performance of Performance of D&B Medium-Sized Building Projects as p-

value reaches significance of 0.000 (which is less above the 0.05 alpha level).  

The summary of the sub-hypotheses analysis results shown in Table 

8.10 indicate that the H3, H3a, and H3b are supported. In step 3, it is clearly 

shown that the effect of environment on perfomnce of D&B medium-sized 

building projects is completely disappeared that means the full mediation is 

achieved. 

Table 8.10: Summary of Sub-Hypotheses of H3, H3a, and H3b 

Hypothesis 3A Statement for Path Analysis 
(three sub-hypothesis) 

p-value 
Result on 

hypothesis 
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H3 0.002 Supported 

H3a 0.000 Supported 

H3b 0.000 Supported 

Result: Effectiveness of IVREMS fully mediates the relationship between environment 
management and performance of D&B medium-sized building projects. 

 

8.4.4. Testing the Mediation Effect of the Effectiveness of IVREMS 

in the Relationship between Continuous Improvement Factor 

and Performance of D&B Medium-Sized Building Projects 

The main hypothesis statement for testing a mediator effect of the 

effectiveness of IVREMS in the relationship between continuous improvement 

and performance of D&B medium-sized building projects is:  

H4b: “Effectiveness of IVREMS mediates the relationship between 

continuous improvement and performance of D&B medium-sized building 

projects”. 

8.4.4.1. Step 1: Regression Analysis between Continuous 

Improvement Factor and Performance of D&B Medium-

Sized Building Projects 

The first sub-hypothesis H4 statement is: “Continuous Improvement 

has significant effect on Performance of D&B Medium-Sized Building 

Projects”. In this relationship, continuous improvement is the independent 

variable whereas performance of D&B medium-sized building projects is the 

dependent variable. The simple linear regression analysis result indicates a 

significant relationship as p-value reaches insignificance level with a p-value 

of 0.003 (which is less than the 0.05 alpha level). This means there is a 

statistically significant relationship between continuous improvement and 

performance of D&B medium-sized building projects. 
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8.4.4.2. Step 2: Regression Analysis between Continuous 

Improvement Factor and Effectiveness of IVREMS 

The second sub-hypothesis (H4a) statement is: “Continuous 

Improvement has significant effect on Effectiveness of IVREMS”. In this 

relationship, Continuous Improvement is the independent variable whereas 

Effectiveness of IVREMS is dependent variable. The simple linear regression 

analysis result indicates a significant relationship as p-value reaches 

significance with a p-value of 0.000 (which is less than the 0.05 alpha level). 

This means there is a statistically significant relationship between continuous 

improvement and effectiveness of IVREMS. 

8.4.4.3. Step 3: Regression Analysis between Continuous 

Improvement Factor, Effectiveness of IVREMS and 

Performance of D&B Medium-Sized Building Projects 

The third sub-hypothesis (H4b) statement is: “Continuous 

Improvement and Effectiveness of IVREMS have significant effect on 

Performance of D&B Medium-Sized Building Projects”. In this relationship, 

Continuous Improvement and Effectiveness of IVREMS are independent 

variables whereas Performance of D&B Medium-Sized Building Projects is 

dependent variable. The multiple linear regression analysis result indicates a 

significant relationship between (continuous improvement with effectiveness 

of IVREMS) as the p-value is 0.000 (less than 0.05 alpha level). Also, the result 

indicates an insignificant relationship between continuous improvement and 

perfomnce as p-value reaches significance of 0.641 (above the 0.05 alpha 

level) and a significant relationship between effectiveness of IVREMS and the 

performance of D&B medium size building project as p-value reaches 

significance with a p-value of 0.000 (which is less above the 0.05 alpha level).  

The summary of the sub-hypotheses analysis results shown in Table 

8.11 indicate that the H4 is supported, whereas H4a and H4b are supported. 

In step 3, it is clearly shown that the effect of continuous improvement on 

perfomnce of D&B medium-sized building projects is completely disappeared 

that means the full mediation is achieved. 
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Table 8.11: Summary of Sub-Hypothesis of H4, H4a, and H4b 

Hypothesis (4A) Statement for Path Analysis 
(three sub-hypothesis) 

p value 
Result on 

hypothesis 

H4 0.003 Supported 

H4a 0.000 Supported 

H4b 0.000 Supported 

Result: Effectiveness of IVREMS fully mediates the relationship between continuous 
improvement and performance of D&B medium size building project. 

 

8.4.5. Testing the Mediation Effect of the Effectiveness of IVREMS 

in the Relationship between Integration Factor and 

Performance of D&B Medium-Sized Building Projects 

The main hypothesis statement for testing a mediator effect of the 

effectiveness of IVREMS in the relationship between integration and 

performance of D&B medium-sized building projects is:  

(H5b): “Effectiveness of IVREMS mediates the relationship between 

integration and performance of D&B medium-sized building projects”. 

8.4.5.1. Step 1: Regression Analysis between Integration Factor 

and Performance of D&B Medium Size Building Project 

The first sub-hypothesis (H5) statement is: “Integration has significant 

effect on Performance of D&B Medium-Sized Building Projects”. In this 

relationship, integration is the independent variable whereas performance of 

D&B medium-sized building projects is the dependent variable. The simple 

linear regression analysis result indicates a significant relationship as p-value 

reaches insignificance level with a p-value of 0.000 (which is less than the 0.05 

alpha level). This means there is a statistically significant relationship between 

integration and performance of D&B medium-sized building projects. 

8.4.5.2. Step 2: Regression Analysis between Integration Factor 

and Effectiveness of IVREMS 

The second sub-hypothesis (H5a) statement is: “Integration has 
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significant effect on Effectiveness of IVREMS”. In this relationship, Integration 

is the independent variable whereas Effectiveness of IVREMS is dependent 

variable. The simple linear regression analysis result indicates a significant 

relationship as p-value reaches significance with a p-value of .000 (which is 

less than the 0.05 alpha level). This means there is a statistically significant 

relationship between integration and effectiveness of IVREMS. 

8.4.5.3. Step 3: Regression Analysis between Integration Factor, 

Effectiveness of IVREMS and Performance of D&B Medium 

Size Building Project 

The third sub-hypothesis (H5b) statement is: “Integration and 

Effectiveness of IVREMS have significant effect on Performance of D&B 

Medium-Sized Building Projects”. In this relationship, Integration and 

Effectiveness of IVREMS are independent variables whereas Performance of 

D&B Medium-Sized Building Projects is dependent variable. The multiple 

linear regression analysis result indicates a significant relationship between 

(integration with effectiveness of IVREMS) as the p-value is 0.000 (less than 

0.05 alpha level). Also, the result indicates an insignificant relationship 

between integration and perfomnce as p-value reaches significance with a p-

value of 0.673 (above the 0.05 alpha level) and a significant relationship 

between effectiveness of IVREMS and the performance of D&B medium-sized 

building projects as p-value reaches significance with a p-value of 0.000 

(which is less above the 0.05 alpha level).  

The summary of the sub-hypotheses analysis results shown in Table 

8.12 indicate that the H5 is supported, whereas H5a and H5b are supported. 

In step 3, it is clearly shown that the effect of integration on perfomnce of D&B 

medium-sized building projects is completely disappeared that means the full 

mediation is achieved. 

Table 8.12: Summary of Sub-Hypotheses of H5, H5a, and H5b 

Hypothesis (5A) Statement for Path Analysis 
(three sub-hypothesis) 

p value 
Result on 

hypothesis 

H5 0.003 Supported 
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H5a 0.000 Supported 

H5b 0.000 Supported 

Result: Effectiveness of IVREMS fully mediates the relationship between integration and 
performance of D&B medium-sized building projects. 

8.4.6. Testing the Mediation Effect of the Effectiveness of IVREMS 

in the Relationship between Human Factor and Performance 

of D&B Medium-Sized Building Projects 

The main hypothesis statement for testing a mediator effect of the 

effectiveness of IVREMS in the relationship between human and performance 

of D&B medium-sized building projects is:  

(H6b): “Effectiveness of IVREMS mediates the relationship between 

human and performance of D&B medium size building project”. 

8.4.6.1. Step 1: Regression Analysis between Human Factor and 

Performance of D&B Medium-Sized Building Projects 

The first sub-hypothesis (H6) statement is: “Human has significant 

effect on Performance of D&B Medium-Sized Building Projects”. In this 

relationship, human is the independent variable whereas performance of D&B 

medium-sized building projects is the dependent variable. The simple linear 

regression analysis result indicates a significant relationship as p-value 

reaches insignificance level with a p-value of .002 (which is less than the 0.05 

alpha level). This means there is a statistically significant relationship between 

human and performance of D&B medium-sized building projects. 

8.4.6.2. Step 2: Regression Analysis Between Human Factor and 

Effectiveness of IVREMS 

The second sub-hypothesis (H6a) statement is: “Human has 

significant effect on Effectiveness of IVREMS”. In this relationship, Human is 

the independent variable whereas Effectiveness of IVREMS is dependent 

variable. The simple linear regression analysis result indicates a significant 

relationship as p-value reaches significance with a p-value of .000 (which is 
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less than the 0.05 alpha level). This means there is a statistically significant 

relationship between human and effectiveness of IVREMS. 

8.4.6.3. Step 3: Regression Analysis between Human Factor, 

Effectiveness of IVREMS and Performance of D&B Medium 

Size Building Project 

The third sub-hypothesis (H6b) statement is: “Human and 

Effectiveness of IVREMS have significant effect on Performance of D&B 

Medium-Sized Building Projects”. In this relationship, Human and 

Effectiveness of IVREMS are independent variables whereas Performance of 

D&B Medium-Sized Building Projects is dependent variable. The multiple 

linear regression analysis result indicates a significant relationship between 

(human with effectiveness of IVREMS) as the p-value is 0.000 (less than 0.05 

alpha level). Also, the result indicates an insignificant relationship between 

human and perfomnce as p-value reaches significance with a p-value of 0.857 

(above the 0.05 alpha level) and a significant relationship between 

effectiveness of IVREMS and the performance of D&B medium-sized building 

projects as p-value reaches significance with a p-value of 0.000 (which is less 

above the 0.05 alpha level).  

The summary of the sub-hypotheses analysis results shown in Table 

8.13 indicate that H6, H6a and H6b are supported. In step 3, it is clearly shown 

that the effect of human on performance of D&B medium-sized building 

projects is completely disappeared that means the full mediation is achieved. 

Table 8.13: Summary of Sub-Hypotheses of H6, H6a, and H6b 

Hypothesis (6A) Statement for Path Analysis 
(three sub-hypothesis) 

p value 
Result on 

hypothesis 

H6 0.002 Supported 

H6a 0.000 Supported 

H6b 0.000 Supported 

Result: Effectiveness of IVREMS fully mediates the relationship between human 
and performance of D&B medium size building project. 
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8.5. Mediation of IVREMS with the appearance of All Seven Factors 

on Performance of D&B Building Project  

The following multiple regression are applied to test the significance 

of all the seven independent variables (value, financial risk, environment, 

continuous improvement, integration, human, and effectiveness of IVREMS) 

on the dependent variable (perfomnce of D&B medium size building project). 

Table 8.14: Regression Between All Independents & Dependent Variables  

 

R R Square Adjusted R Square Std. Error of the Estimate 

.625 .390 .346 .47149 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression 13.661 7 1.952 8.778 0.000 

Residual 21.341 96 0.222   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity Statistics 

B 
Std. 
Error 

Beta Tolerance VIF 

 2.030 0.515  3.946 0.000   

Value -0.110- 0.105 -0.105- -1.048- 0.297 0.636 1.573 

Financial Risk -0.126- 0.113 -0.104- -1.113- 0.268 0.725 1.380 

Environment 0.071 0.117 0.068 0.609 0.544 0.512 1.954 

Continuous 
Improvement 

0.082 0.119 0.079 0.691 0.491 0.490 2.040 

Integration 0.055 0.113 0.052 0.488 0.627 0.563 1.776 

Human -0.031- 0.126 -0.029- -0.249- 0.804 0.471 2.125 

Effectiveness 
of IVREMS 

0.630 0.107 0.611 5.884 0.000 0.589 1.698 

As shown in Table 8.14, there is no impact from each of VMF, FRMF, 

EMF, CIF, IF, and HF on the D&B project performance, while the effectiveness 

of IVREMS only has a significant impact on the D&B project performance, 

thereby the full mediation is achieved. The results also indicated that there is 
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no multicollinearity between factors as all tolerance values are less than 1 or 

VIF smaller than three. 

8.6. Summary of Research Hypotheses Analysis Results  

Table 8.15 shows that all the critical success factors, i.e. value, 

financial risk, environment, continuous improvement, integration, and human 

aspects are impacting the effectiveness of IVREMS in order to improve the 

medium-sized building performance.  

Table 8.15: Summary of the Analysis Results of all the Research Hypothesis 

Hypothesis  Description of Hypothesis Result 

Hypothesis 1 
Value Factor positively impacts Performance of 
D&B Medium Size Building Project 

Supported 

Hypothesis 2 
Financial Risk Factor positively impacts 
Performance of D&B Medium Size Building 
Project 

Supported 

Hypothesis 3 
Environmental Factor positively impacts 
Performance of D&B Medium Size Building 
Project 

Supported 

Hypothesis 4 
Integration Factor positively impacts 
Performance of D&B Medium Size Building 
Project 

Supported 

Hypothesis 5 
Continuous Improvement Factor positively 
impacts Performance of D&B Medium Size 
Building Project 

Supported 

Hypothesis 6 
Human Factor positively impacts Performance 
of D&B Medium Size Building Project 

Supported 

Hypothesis 7 
Effectiveness of IVREMS positively impacts 
Performance of D&B Medium Size Building 
Project 

Supported 

Hypothesis 1a 
Value Factor positively impacts Effectiveness 
of IVREMS 

Rejected  

Hypothesis 2a 
Financial Risk Factor positively impacts 
Effectiveness of IVREMS  

Rejected 

Hypothesis 3a 
Environmental Factor positively impacts 
Effectiveness of IVREMS 

Supported 
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Hypothesis 4a 
Integration Factor positively impacts 
Effectiveness of IVREMS 

Supported 

Hypothesis 5a 
Continuous Improvement Factor positively 
impacts Effectiveness of IVREMS 

Supported 

Hypothesis 6a 
Human Factor positively impacts Effectiveness 
of IVREMS 

Supported 

Hypothesis 1b 
Mediation of Effectiveness IVREMS affects the 
relationship between VF and Performance of 
D&B Medium Size Building Project 

Fully 
Mediate 

Hypothesis 2b 
Mediation of IVREMS affects the relationship 
between FRF and Performance of D&B 
Medium Size Building Project 

Fully 
Mediate 

Hypothesis 3b 
Mediation of Effectiveness of IVREMS affects 
the relationship between EF and Performance 
of D&B Medium Size Building Project 

Fully 
Mediate 

Hypothesis 4b 
Mediation of Effectiveness of IVREMS affects 
the relationship between IF and Performance 
of D&B Medium Size Building Project 

Fully 
Mediate 

Hypothesis 5b 
Mediation of Effectiveness of IVREMS affects 
the relationship between CIF and Performance 
of D&B Medium Size Building Project 

Fully 
Mediate 

Hypothesis 6b 
Mediation of Effectiveness of IVREMS affects 
the relationship between HF and Performance 
of D&B Medium Size Building Project 

Fully 
Mediate 

8.7. Summary of Chapter 8 

The main purpose of this chapter was to examine the research 

hypotheses which were built according to the proposed theoretical model for 

integrating VMS, FRMS, and EMS. The required first step was to verify the 

credibility of the model structure. The hypotheses were formulated based on 

the findings of previous research complemented by the findings of the 

research interviews which were exclusively designed and conducted for the 

purpose of this study. Therefore, it was deemed most suitable to employ EFA 

because, although the research is built on the existing foundation of similar 

research previously carried out, because this similarity was only partial, there 

were certain elements and areas the current research aspired to investigate 

which were never investigated to the same level of depth and breadth ever 
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before. This very fact gave an exploratory edge to the current research which 

made the EFA an obvious yet inevitable method of choice for the data analysis 

of this study. Since items were collected and grouped according to the 

combination between the previous research studies with the interview’s 

findings, therefore, it was important to use the exploratory factor analysis in 

this stage. Before starting any statistical analysis process, the collected data 

was scanned and cleaned to for data-quality check. Through the application 

of the SPSS the exploratory factor analysis was conducted, and a number of 

items were excluded. It was interesting that the direct effect of application of 

both VMS and FRMS on improving the performance of D&B medium size 

building projects were insignificant, unlike what was previously reported in 

many previous studies, but when the IVREMS mediated these relationships, 

the results signalled great importance of applying both value management and 

financial management systems. This is a significant finding because it clearly 

suggests that independent application of these management systems (i.e. 

VMS or FRMS) without the others may not bear the desired or expected impact 

on performance, but when they are used together in an integrated manner they 

significantly improve project performance of the D&B medium-sized building 

projects. 
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Figure 8.2: Revised IVREMS Mo



 
 

Chapter 9. Discussions & Conclusions 
 

9.1. Introduction to Chapter 9 

This chapter aims to discuss the results in the previous chapters and 

to report the final conclusions of the research study. The chapter will also 

discuss the relationship between the key critical factors of value, financial risk, 

environment, integration, continuous improvement and human aspects and 

the effectiveness of the proposed integrated management system (IVREMS) 

in order to improve the performance of D&B medium-sized building projects in 

the UK. To achieve this main aim, the research set six main objectives as 

follows: 

1. To establish how project management systems, particularly VMS, 

FRMS and EMS, are implemented in D&B medium size building 

projects. 

2. To investigate how two or more management systems can be 

integrated in construction projects to help develop an integrated 

value, financial risk, and environmental management system 

(IVREMS) that can be used for D&B medium size building project. 

3. To determine the key factors that influence the effectiveness of 

the integrated system of value, financial risk, and environmental 

management systems (IVREMS) towards improving the 

performance of D&B medium size building project. 

4. To identify the critical success factors used to measure the 

performance of D&B medium size building projects in the UK. 

5. To examine the relationship between the effectiveness of IVREMS 

and the performance of D&B medium-sized building projects. 

6. To make recommendations for the application of IVREMS in D&B 

medium size building projects.  
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In accordance with these primary objectives, five research questions 

were posed: 

1. What are the current practices of VMS, FRMS, EMS in D&B 

building projects in the UK construction industry?  

2. How can VMS, FRMS, EMS be integrated into one single 

management system? 

3. What are the factors that could influence the effectiveness of an 

integrated value, financial risk, and environmental management 

system (IVREMS)?  

4. How can the D&B medium size building projects performance be 

improved? 

5. To what extent can IVREMS affect the performance of D&B 

medium size building projects in the UK construction Industry?  

This chapter, therefore, reviews the key findings of the study and 

discusses the achievement of the objectives and answers to the set research 

questions.  

9.2. The Importance of Project Management Systems of Value, 

Financial Risk and Environmental Systems in D&B Building 

Projects 

The previous chapters demonstrated that the medium-sized building 

projects are classified as the most contributor to the GDP in the UK economy. 

They also showed that the D&B procurement method is the most common 

method in medium-sized building projects. The previous chapters also 

highlighted the importance of the implementation of VMS, FRMS, and EMS by 

presenting a range of their benefits that can be fully harnessed. The benefits 

of application of the VMS, FRMS, and EMS are consistent with the need to 

reduce costs, time, and resources in the UK construction industry, and this 

responds to the 2025 government strategy. The previous chapters also 

explained how VMS, FRMS, and EMS are considered as the major 

contributors to achieving a group of goals, especially when applied at the early 
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stage and before the construction activities start. In addition, with the 

increasing interest in promoting sustainability globally and nationally, the 

implementation of environmental management is of paramount importance 

which is often neglected especially in medium-sized building projects. These 

considerations have paved the way to integrate VMS, FRMS, and EMS 

together in a single management system.  

9.3. Integration Process between Management Systems  

Following the determination of the management systems to be 

merged in this study, the third chapter discussed the methodologies used to 

integrate two or more management systems based on the similarities and 

homogeneity in their characteristics, including similarities in implementation 

processes, sharing objectives and benefits, and also the use of similar tools 

and techniques. The purpose of these steps helped later to establish a process 

map which shown in Figure 9.3 in section 9.8 for the new proposed integrated 

management system after examining its effect on the performance of the D&B 

medium-sized building projects and confirming its importance. Numerous 

previous studies have attempted to merge different management systems, 

and the most prominent integration between the three management systems 

was the IMS, which targeted QMS, EMS, and OHSMS. The most prominent 

integration between two systems found in the literature was between VMS and 

RMS due to the similarity in their implementation process, the use of the same 

techniques, and the requirement of the same resources. Importantly, other 

studies have emphasised the integration between VMS and EMS. Based on 

this and the analogy to IMS, this research aimed to integrate VMS, FRMS and 

EMS into an integrated management system.  

In response to the third objective, Chapter 3 also outlined how the 

management systems can be combined according to two scenarios. In the first 

scenario, one dominant system is selected and the other two are integrated 

into it, whereas in the second scenario all the three systems are equally 

considered by either partially or fully integrating them into One final integrated 

system. It was found that the former scenario is the best because it achieves 
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a full integration level which has greater benefits than low level integrations as 

discussed in section 3.3.3.3. 

9.4. CSFs for the Key Six Factors Influence the Effectiveness of 

IVREMS 

By introducing the new integrated system of value, financial risk and 

environment, it was important to explore the most critical factors that have an 

impact on the effectiveness of the proposed system. In accordance with what 

was found in the previous studies in integration between management 

systems, it was necessary to consider every system of the new integrated 

system as a critical success factor. Therefore, the first three key factors in 

IVREMS model were value, financial risk, and environment. Accordingly, the 

CSFs for effective implementations of each of VMS, FRMS and EMS in D&B 

medium size building projects were identified. Since there is a lack of in-depth 

studies identifying the CSFs for medium-sized building project in the UK 

construction industry in the literature, the study conducted eight interviews with 

experts involved in managing D&B building projects in order to establish the 

most important items for each of VMS, FRMS and EMS. 

In addition, because the research output would be a new management 

system, the continuous improvement feature should be maintained which 

ensures the system is dynamic, flexible, and adaptive. Therefore, the CSFs 

that ensure a management system is continuously improving were identified 

from literature and then verified by the interviews findings. Since the proposed 

system was created as a result of an integration process, it was also necessary 

to consider integration as a fifth key factor and the CSFs that make any 

integration process effective were also identified. Similarly, the CSFs for 

effective integration were collected from the literature review and then were 

triangulated with the interview’s findings. The conducted eight interviews 

identified a sixth factor that has an impact on the effectiveness of IVREMS, 

which is the human factor. 

Chapter 4 responded to the sub-objectives under objective three in 

Table 1.1 “to find out the factors that increase the effectiveness of the 

integrated system”; and “to determine which items are used to measure each 
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of the factor that increase the effectiveness of IVREMS”. The CSFs for each 

of the five identified factors from literature review were collected and the initial 

proposed IVREMS model was developed as presented at the end of the 

Chapter 4. The IVREMS model was revised after the interview findings to 

include the human factor as presented in Chapter 6 and then the research 

hypotheses were formulated accordingly. 

 9.5. CSFs for the Effectiveness of IVREMS  

The second important step was to consider a list of CSFs that 

contribute to making the implementation of IVREMS effective. The perceptions 

of the eight interviewees, who have intensive experience in managing D&B 

building projects in the UK, helped identify these CSFs, which were greatly 

consistent with what was found in the literature. Chapters 4 and 6 were linked 

to finalise these CSFs to be used in the questionnaire to help examine the 

relationship between effectiveness of IVREMS and the performance of D&B 

medium size building projects [the main research Hypothesis (H7)]. 

9.6. CSFs for Performance of D&B Medium-Sized Building Projects  

The CSFs for D&B medium-size projects in the UK were obtained from 

expert practitioners that had relevant experience in medium-size D&B building 

projects in the UK during the interview stage.  

These CSFs were used in the statistical analysis to examine whether 

or not the new proposed system (IVREMS) would improve the performance of 

this type of project as examined in Chapter 8.  

9.7. The Impact of Key Factors on the Effectiveness of IVREMS to 

Improve the Performance of D&B Medium-Sized Building 

Projects 

Objective 5 of this research aims to answer the main research 

questions “How could the D&B medium-sized building project performance be 

improved? and “to what extent could IVREMS affect the performance of D&B 

Building projects in the UK construction Industry?”. These questions aimed to 
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establish the direct and indirect relationship between the factors in IVREMS 

model. This is also related to the third sub-objective of objective 3 “to establish 

the extent to which these factors will improve the effectiveness of the 

IVREMS”. To answer the two research questions, hypotheses were formulated 

and analysed using SPSS. 

Value Factor Management Impact on the Effectiveness of IVREMS and 

The Performance of D&B Medium-Sized Building Projects 

Hypothesis H1 suggested that the effective implementation of VMS 

has a significant direct influence on the performance of D&B medium-sized 

building projects. The analyses have revealed that the relationship between 

the effective VMS application and the performance of D&B medium-sized 

building projects was negative and statistically insignificant. This result 

indicates that the implementation of value management is not contributing to 

the improvement of the successful delivery of the D&B medium size building 

projects. Surprisingly, this finding seemed to be inconsistent with what was 

found in the literature on the benefit of applying VMS in building projects. 20 

benefits of VMS application which are collected from Al-Yousefi (2008), Bowen 

(2010); Ranesh et al., (2012a), Oke and Ogunsemi (2011), Atabay and 

Galipogullari (2013) are presented on Table 2.4 in section 2.3.1.3. This may 

be because there is still lack of knowledge and practice among the 

practitioners in the UK as Jaapar et al., (2012) confirmed that the lack of VMS 

practice or even the VMS knowledge are the main constraints for adopting 

VMS in building projects. In addition, the survey results of members of SAVE 

International organisation and Institute of Value Management (IVM) in the UK 

were presented by Fong (2004). Surprisingly, 70% of respondents pointed out 

to the fact that the VMS lacks a professional image.  

Since the direct relationship between the effective implementation of 

VMS and the effectiveness of the new integrated management system 

(IVREMS) is positive [Hypothesis H1a], it can be concluded that the more we 

are effectively considering three VMS elements (regular engagement of clients 

in VMS workshops, interaction among workshop participants in VMS 
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workshops, and having multidisciplinary VMS team), the more effective the 

IVREMS will be.  

In terms of the mediation effect and hypothesis H1b, it was found to 

be supported. This research proves that the new integrated management 

system (IVREMS) fully mediates the relationship between effective VMS 

application and the performance of D&B medium-sized building projects as the 

effect of IVREMS on the performance of D&B medium-sized building projects 

is increased in the mediation result. According to this finding, the benefits of 

applying VMS will be maintained when applying IVREMS. This mediation 

found to be a full mediation since the direct effect of VMS on the performance 

of D&B medium-sized building projects is found insignificant whereas the 

indirect effect between them is significant. 

Financial Risk Management Factor Impact on the Effectiveness of 

IVREMS and The Performance of D&B Medium-Sized Building Projects 

Hypothesis H2 suggested that the effective implementation of financial 

risk management system has a significant direct influence on the performance 

of D&B medium-sized building projects. This hypothesis was not supported 

indicating that the implementation of financial risk management system does 

not have a direct impact on the performance of D&B medium-sized building 

projects. Surprisingly, this finding is seemed to be differ with which what found 

in literature on the benefit of applying FMS in building projects. 22 benefits of 

VMS application which are collected from Mootanah (1998), Hiley and 

Paliokostas (2001), Othamn (2005), Clifford (2006), and Siang and Ali (2012) 

are presented in Table 2.6 in section 2.3.2.3. It shown that the professionals 

in managing the D&B medium-sized building projects in the UK have lack of 

awareness of the importance of implementing financial risk management, this 

is maybe because the project size plays vital role to determine whether 

financial risk management should be applied in medium size or because the 

in this type of project, contractors hold a single responsibility of designing and 

constructing, therefore there is no need to concentrate on FRMS. This 

assumption is in line with what Zwikael and Ahn (2011) found that inability of 

project managers to execute the RMS process successfully was one of the 
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major barriers for implementing RMS effectively. Lyons and Skitmore (2004) 

identified the same barrier earlier that the lack of knowledge and lack of 

expertise, organisational and human resistance play a major role in limiting the 

application of RMS. Yaraghi and Langhe (2011) noted that RMS was 

successfully applied by only less than 25% of organisations. Despite a high 

degree of corporate commitment to training, most companies struggle to 

convey their principles and strategies and they lacked professional staff with 

RMS experience. In recent study by Oliverira et al., (2018) who ranked the 

highest CSFs for effective RMS, found that high management commitment, 

and awareness and risk culture are the highest two CSFs for RMS application. 

Hypothesis H2a suggested that the effective implementation of 

financial risk management system has a significant direct influence on the new 

integrated management system (IVREMS). The analyses have revealed that 

the relationship between financial risk management system and the 

performance of D&B medium-sized building projects was positive. This means 

that the more we are effectively considering of four FRMS elements (carrying 

out risk identification and analysis, risk allocation or apportionment, seeking 

for risk mitigating solutions and appraise new or residual risk, and carrying out 

risk monitoring, documentation, and control), the more effective of the IVREMS 

will be. 

In terms of the mediation effect and hypothesis H2b, it was found to 

be supported. This research proves that the new integrated management 

system (IVREMS) fully mediates the relationship between effective FRMS 

application and the performance of D&B medium-sized building projects as the 

effect of IVREMS on the performance of D&B medium-sized building projects 

is increased in the mediation result. According to this finding, the benefits of 

applying FRMS will be maintained when applying IVREMS.  

Environmental Management Factor Impact on the Effectiveness of 

IVREMS and The Performance of D&B Medium-Sized Building Projects 

Hypothesis H3 stated that effective implementation of environmental 

management system has a significant direct influence on performance of D&B 

medium-sized building projects. This hypothesis as displayed in Table 6.10, 



245 
 

was supported and statistically significant. This research has confirmed that 

the application of effective environmental management system has a 

significant positive effect on the performance of D&B medium-sized building 

projects, meaning that the more effective the environmental management is in 

the successful delivery of D&B medium-sized building projects will be. These 

results reflect those of Lam et al., (2011) who also found that EMS application 

contributes to achieve sustainable building projects. This research found that 

the eight main items have affected the application of environmental 

management system. These CSFs intersect greatly with Campos (2012) study 

which categorised the prerequisite drivers for implementing EMS for small and 

large companies in the Southern Brazilian state of Santa Catarina into two 

levels; high and medium, and the high importance drivers for both sizes of 

projects were as follows: regulatory requirements; environmental aspects; 

legal and other requirements; compliance assessment; and framework and 

accountability; expertise, preparation and awareness; EMS documentation; 

organisational control; and monitoring and measuring. Importantly, this study 

confirmed that raising client’s awareness about environmental issues play a 

paramount role in achieving a successful implementation of EMS in D&B 

whereas Tam et al., (2006) emphasised that a crucial element impacting the 

implementation of green construction strategies in the Hong Kong construction 

industry to reduce environmental impacts is the engagement of top-level 

managers inside contractors' organisations. 

The eight items are the (regular reviewing and documentations of 

environmental impacts, setting up guidelines and benchmarking system, 

considering the environmental impacts of the building project at the pre-

construction stage, assessing reliability and quality of design specification, 

raising client awareness towards environmental impact, adopting green 

technology and techniques, having clear leadership, and allocating 

responsibility, and involving stakeholders). 

Hypothesis H3a suggested that the effective implementation of 

environmental management system has a significant direct influence on the 

new integrated management system (IVREMS). The analyses have revealed 

that the relationship between environmental management system and the 
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performance of D&B medium-sized building projects was positive. This means 

that the more we are effectively considering of eight EMS elements mentioned 

above, the more effective of the IVREMS will be. 

In terms of the mediation effect and hypothesis H3b, it was found to 

be supported. This research proves that the new integrated management 

system (IVREMS) fully mediates the relationship between effective EMS 

application and the performance of D&B medium-sized building projects as the 

effect of IVREMS on the performance of D&B medium-sized building projects 

is increased in the mediation result. According to this finding, the benefits of 

applying EMS will be maintained when applying IVREMS.  

Continuous Improvement Factor Impact on The Effectiveness of IVREMS 

and The Performance of D&B Medium-Sized Building Projects 

Hypothesis H4 suggested that the ensuring the management system 

are being continuously improved has a significant direct influence on the 

performance of D&B medium-sized building projects. The analyses have 

revealed that the relationship between continuous improvement in 

management system application and the performance of D&B medium-sized 

building projects was positive and statistically significant. This result indicates 

that the continuous improvement in management systems application is 

contributing to improve the successful delivery of the D&B medium-sized 

building projects. This finding seems to be consistent with what was found in 

literature on the importance of considering the continuous improvement to 

achieve the targeted quality in study by Bon and Mustafa (2013). In addition, 

this finding emphasises that a system that constitutes this feature is often 

defined as a dynamic system whereas those lacking it are classified as static. 

It was mentioned in the IMS section in Chapter 3 that the mode of the QMS 

can change from static to dynamic when it is integrated with EMS and OHSMS. 

Therefore, the continuous improvement is a cornerstone of lean planning, 

which can be built through management leadership (Holtskog, 2013). 

Since the direct relationship between the effective implementation of 

CIF and the effectiveness of the new integrated management system 

(IVREMS) is positive [Hypothesis (H4a], it can be concluded that the more 
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continuous improvement feature is improved in the  management systems, of 

four continuous improvement elements (setting goals by the management 

team, carrying out reviews, documentation, and feedback, having effective 

communication between teams, and considering/Targeting quality 

improvement), the more effective of the IVREMS will be.  

In terms of the mediation effect and hypothesis H4b, it was found to 

be supported. This research proves that the new integrated management 

system (IVREMS) fully mediates the relationship between effective CIF and 

the performance of D&B medium-sized building projects as the effect of 

IVREMS on the performance of D&B medium-sized building projects is 

increased in the mediation result. According to this finding, the benefits of 

continues improvement will be maintained when applying IVREMS. This 

mediation found to be a full mediation since the direct effect of CIF on the 

performance of D&B medium-sized building projects is found insignificant 

whereas the indirect effect between them is significant. 

Integration Factor Impact on The Effectiveness of IVREMS and The 

Performance of D&B Medium-Sized Building Projects 

Hypothesis H5 suggested that the effective implementation of 

integration between management systems has a significant direct influence on 

the performance of D&B medium-sized building projects. This hypothesis was 

supported, as shown in Table 8.35, indicating that the implementation of 

effective implementation of integration between management systems have a 

direct impact on the performance of D&B medium-sized building projects. 

Hypothesis H5a suggested that the effective implementation of 

integration between management systems has a significant direct influence on 

the new integrated management system (IVREMS). The analyses have 

revealed that the relationship between effective implementation of integration 

between management systems and the performance of D&B medium-sized 

building projects was positive. This means that the more we are effectively 

considering of four IF elements (achieving mutual benefits, saving time, 

enhance process efficiency, reduce paperwork, ensuring enhanced, and 
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communication between stakeholders), the more effective of the IVREMS will 

be. 

In terms of the mediation effect and hypothesis H5b, it was found to 

be supported as shown in Table 8.35. This research proves that the new 

integrated management system (IVREMS) fully mediates the relationship 

between effective implementation of integration between management 

systems and the performance of D&B medium-sized building projects as the 

effect of IVREMS on the performance of D&B medium-sized building projects 

is increased in the mediation result, as shown in Table 8.28 that presents the 

indirect effect of effective integration process on performance of D&B medium-

sized building projects was found to be statistically significant as its effect 

through the mediator (the effectiveness of IVREMS) was increased in 

appearance of IF.   

Human Factor Impact on The Effectiveness of IVREMS and The 

Performance of D&B Medium Size Building Project 

Hypothesis H6 stated that human factor has a significant direct 

influence on performance of D&B medium-sized building projects. This 

hypothesis as displayed in Table 8.35, was supported and statistically 

significant. This research has confirmed that the application of effective human 

factor has a significant positive effect on the perfomnce of D&B medium-sized 

building projects, meaning that the more effective the environmental 

management is in the successful delivery of D&B medium-sized building 

projects. The seven items are as follows: helping construction professionals 

who are resistant to any change, to accept/adopt changes, calling for a 

Standard for Snagging to help assess the quality of work objectively rather 

than subjectively, to encourage behavioural change to shift from concentration 

on personal interest to focus on quality of work, reducing conflicts and tensions 

in meetings, Improving use of the management systems appropriately, 

encourage willingness of expanding experiences and knowledge with training 

for using new systems, creating an environment of cooperation and 

collaboration to enhance communication. This finding confirms the interview 

findings and emphasises the importance of considering seven human aspects 
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mentioned above to improve the performance of the D&B medium-sized 

building projects.  

Hypothesis H6a suggested that the effective implementation of huma 

factor has a significant direct influence on the new integrated management 

system (IVREMS). The analyses have revealed that the relationship between 

human factor and the performance of D&B medium-sized building projects was 

positive. This means that the more we are effectively considering of seven 

human aspects mentioned above, the more effective of the IVREMS will be. 

In terms of the mediation effect and hypothesis H6b, it was found to 

be supported. This research proves that the new integrated management 

system (IVREMS) fully mediates the relationship between effective human 

aspects and the performance of D&B medium-sized building projects as the 

effect of IVREMS on the performance of D&B medium-sized building projects 

is increased in the mediation result. The indirect effect of the effective 

implementation of human aspects on the performance of D&B medium-sized 

building project was found to be statistically significant as its effect through the 

mediator (the effectiveness of IVREMS) was increased in the appearance of 

HF. According to this finding, the benefits of applying human aspect will 

contribute to create an effective integrated system between VMS, FRMS, and 

EMS.  

9.8. A Process Map of Integrated Value, Financial Risk and 

Environmental in D&B Medium-Sized Building Projects 

Performance [MKP] 

As discussed in Chapter 3 on the selection of strategies for achieving 

an integrated management system, there are two main scenarios for 

integrating value, financial risk, and environmental management systems. The 

first scenario is when the new system is partially formulated from just the 

sharing parts of these systems, where similarities between them exist in these 

fractions as shown in Figure 9.1. In this case, VMS, FRMS, and EMS will 

remain to run separately and concurrently. 
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Figure 9.1: The strategy of integrating the components of IVREMS (Plan 1) 

The second scenario is when one of these systems acts as a main 

driver and digests the other systems entirely. The new system will run as a 

unified system. In this case, the new system will replace all the integrated 

single management systems as shown in Figure 9.2. This full integration can 

be occurred when all the components of all the integrated management 

system are integrated and melted. Thus, a new standard of the new system 

should be developed and replaced the current of the three standards of each 

of value, financial risk and environmental management systems.  

 

Figure 9.2: The strategy of integrating the components of IVREMS (Plan 2) 

In light of this discussion, the researcher has considered value 

management as a main vehicle for integrating financial risk and environmental 

management systems, based on its greatest importance in the pre-

construction phase. The researcher has also suggested a proposed process 

map to integrate value, financial risk and environmental management systems 

based on their similarities in their implementation process. The researcher has  
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Figure 9.3: A proposed process map for integrating management systems of value, 

financial risk and environment (MKP) 

 



252 
 

built this suggestion based on what have been done in the previous 

studies, which were discussed in Chapter 3. The implementation of each 

management system has a goal and required certain resources and 

techniques. Studies by Kirk (1995), Mootnah (1998), and Ranesh et al., 

(2012b) discussed the integration between RMS and VMS, which presented 

the similarities between their application process as shown in Table 3.8. The 

process of EMS was also discussed in section 2.3.3.1. These similarity of the 

process of VMS and EMS were outlined in section 3.3.6. According to this 

finding, the researcher suggests the integration process of VMS, FRMS and 

EMS as presented in Figure 9.3 that presents each of the five steps of EMS 

process and how each step is connected to the process of the VRMS. The 

VRMS process was introduced by Ranesh’s study.  

The suggested process map also adopted the PDCA steps to ensure 

the continuous improvement feature is considered to produce a dynamic 

system. In addition, the continuous improvement proved its importance 

towards creating an effective integrated management system in order to 

improve the performance of the D&B medium-sized building projects as 

discussed in Chapter 8.   

9.9. Research Recommendations and Future Research  

Since the study focused on the critical factors that affect the integration 

between VMS, FRMS, and EMS at the early phase of medium-sized building 

projects, therefore the proposed integrated value, financial risk, and 

environmental management system (IVREMS) was developed to serve only 

at the strategic stage. It is therefore recommended that further research should 

be undertaken at the operational stage in D&B medium-sized building projects 

to achieve the full integration between the systems. 

The developed integrated model (IVREMS) could be adopted for 

integrating any other number or types of compatible management systems that 

could be targeted to be integrated. In this scenario, the researcher argues that 

continuous improvement factor, integration factor, and human factor are 

paramount critical success factors in any future integrated model according to 

the analysis results.  
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This research model was structured and developed specifically for 

D&B medium-sized building projects in the UK and the researcher 

recommends examining this model in different types or sizes of other 

construction projects. The proposed process map (MKP) could be validated 

by conducting a focus group with experts in the field. 

9.10. Research Limitations 

The main outcome of this thesis was to determine the critical success 

factors for developing effective integrated system of value, financial risk and 

environment, however more work need to be done to apply these primary 

factors to any other integrated management systems especially the health and 

safety management. This research established a partial integration system 

between VMS, FRMS, and EMS and more work need to be done to perform a 

full integration and create one fully single system bridging all the components 

of each of individual systems.  Due to the time considered to perform this 

study, the study only focused on the critical susses factors that affect the 

integration of VMS, FRMS, and EMS at the strategic phase only. More studies 

should be performed to investigate these factors at the construction phase of 

the building projects.  

This research is only focused on D&B medium-sized building projects. 

However, the researcher suggested that the developed IVREMS system can 

be tested in other types and sizes of construction projects. Another limitation 

of this research is that the developed IVREMS model was based on the data 

obtained from the UK construction industry only. Projects conducted in other 

geographic locations should test the validity of this model in the geopolitical 

context of the intended country where the model will be adopted and 

implemented. 

Lastly, the number of respondents could be increased to a bigger 

sample size which could enable the use of structural equation modelling to 

analyse the factor loadings of the critical success factors and measure acutely 

the degree of the effectiveness of IVREMS on the performance of D&B 

medium-sized building projects. 
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Appendix B [Invitation Email] 
 
 

Dear (Participant), 

I am undertaking PhD research titled An Integrated Approach to Value Management 

System (VMS), Risk Management System (RMS) and Environment Management 

System (EMS) in School of Environment & Technology at the University of Brighton. 

The research is aiming to improve the performance of the Design-Build (D&B) building 

projects in the UK through integration of management systems. You are invited to 

participate in the study and contribute to it with your knowledge and experience in the 

field. 

 

At this stage, I look forward to interviewing you to discuss the practises of VMS. RMS 

& RMS in D&B building projects, and also measuring the performance of D&B building 

project. I am particularly focusing on linking VRS, RMS, and EMS to building projects 

performance. Therefore, I will be most grateful, if you could take part at this stage. 

This project seeks ways to resolve wide range of management systems issues using 

a proposed integrated model. This integrated model will be a practical adaptable tool 

that could provide construction companies with a collaborative approach for 

supporting integrating VRS, RMS, and EMS as a new way of thinking towards 

improving D&B building projects performance. 

 

It would be appreciated if you could advise me of your willingness to participate and 

availability by replying to this email with the date and time of your preference. The 

attached Participant Information Sheet outlines the details of the research that I am 

undertaking. Should you require further information, please do not hesitate to contact 

me. 

 
I look forward to hearing from you. 
 
Best regards, 
Mohammed Alaqad  

Ph.D. Candidate   
School of Environment & Technology,  
University of Brighton, 
Cockcroft Building, Lewes Road, Brighton, BN2 4GJ. 
Mobile: +44 (0) 7401129284.  
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Appendix C [Participant Information Sheet (Interviews)] 
 
 
Research Title:              

An Integrated Approach to Value Management, Risk Management and 

Environmental Management in UK Building Projects. 

Research Funding:  

This research is completely funded by the researcher.  

Researcher: 

    Mohammed Alaqad  
    Ph.D. Candidate,  
    School of Environment & Technology,  
    University of Brighton,  
    Mobile: 07401129284, email: m.alaqad@brighton.ac.uk  

The Purposes of the Research  

This project seeks to find ways to resolve wide range of management systems 

issues within an integrated model. This integrated framework will be a practical 

adaptable tool that could provide participating companies for supporting 

integration of Value Management System (VMS), Risk Management System 

(RMS), and Environmental Management System (EMS) as a new way of 

thinking towards improving building projects performance which adopt Design 

and Build (D&B) procurement route.  

Invitation to Participate in the Research   

You are invited to share your views and experience in this research which aims 

to investigate the practices of risk, value, and environmental management 

systems in D&B building projects. and how is a D&B building project 

performance measured.   

Participation in the Research   

Involvement in this research is voluntary. A participation information sheet 

would be provided, and a consent requested at the beginning of the interview. 

The interviewee will continue to have the right to withdraw from the research 

until when the recorded data is transcribed and anonymised. 

mailto:m.alaqad@brighton.ac.uk
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Participation Involved in the Research 

Participants will be invited to take part in an interview to provide information 

about management systems and the performance of the building projects. The 

interviews will be conducted face‐to‐face. Respondents will be provided with 

information in relation to the research prior to the interviews. The interview 

questions will be semi‐structured to facilitate open discussion. To ensure the 

accuracy of data analysis, the interviews will be audio‐recorded (with 

permission) and later transcribed for analysis. If consent for tape recording is 

not granted, comprehensive written notes will be taken during each interview. 

The interviews are scheduled to be undertaken between July and September 

2019. The estimated duration for each interview is between 45 and 60 minutes. 

The Benefits and Disadvantages/Risks of Participation  

The potential benefits to the participants of the research include extended 

knowledge on current practices of value, risk, and environmental management 

systems along with building project performance. There are no identifiable 

risks to the participants by taking part in this research and their contributions 

will remain anonymous. 

Data Protection   

All audio recordings and transcripts will be stored in password-protected 

computer and the consent forms will stored inside a locked cabinet accessible 

only by the researcher and the research supervisory team at the University of 

Brighton. All original audio recordings and documents will be destroyed after 

10 years following the university’s research policy and GDPR guidance for 

data protection and privacy.  

Confidentiality 

Your confidentiality and anonymity remain assured. All identifiable information 

such as names and places will be anonymised by coding. Therefore, your 

name will not appear on any written transcripts, or on the audio recorder. The 

researcher will take every care to remove responses from any identifying 

material immediately after the meeting.  

Provision of Research Findings to Participants  
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The research findings will be published as a doctoral thesis and will be 

available at the University of Brighton Library, accessible to research 

participants. The research results will also be published in scientific journals 

and conference papers or as part of a community resource board. The 

publications will not contain any reference to individual participants or their 

representative companies or organisation.  

Details of who to contact for further information or to raise any concerns.  

Research Supervisors  

Dr. Kassim Gidado 
Principal Lecturer  
email: K.I.Gidado@brighton.ac.uk 

Dr. Poorang Piroozfar  
Principal Lecturer  
email:A.E.Piroozfar@brighton.ac.uk 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:K.I.Gidado@brighton.ac.uk
mailto:A.E.Piroozfar@brighton.ac.uk
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Appendix D [Participant Consent Form/Interviews] 

 
 

Research Title: An Integrated Approach to Value Management System (VMS), Risk 
Management System (RMS) and Environment Management System (EMS) 
 
Researcher: 
       Mohammed Alaqad (Doctoral Student)  

School of Environment & Technology, University of Brighton  
Mobile: + 44 (0) 7401129284   email. m.alaqad@brighton.ac.uk  

        
 
  Please 

tick box  
 

I have read and understood the information sheet for the above 
study and have had the opportunity to consider the information 
and ask questions. 

  

   

The researcher has explained to my satisfaction the purpose, 
principles and procedures of the study and any possible risks 
involved. 

  

   

I am aware that I will be required to take part in an interview. 
 

  

   

I understand that my participation is voluntary. And, I have the 
right to withdraw from the research until when the recorded data 
is transcribed and anonymised 

 

  

   

I understand how the data collected will be used, and that any 
confidential information will normally be seen only by the 
researchers and will not be revealed to anyone else. 

  

   

I agree to take part in the above study. 
 

  

 
 
 

__________________                           ________________     _________________ 
Name of Participant  Date Signature 
 
 
Mohammed Alaqad                              _________________     _________________ 
The Researcher  Date  Signature 

mailto:m.alaqad@brighton.ac.uk
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Appendix E [Interviews Questions] 
 
 

Section 1: Background Information                                                                                                      

 
1- How would you describe your role in D&B building projects?  
               Clients          Designers         Contractors         Consultants         Other (please, specify 

…………….…) 
 

2- Years of experiences in Construction Industry: (_____) 
 
3- Are you a member of any professional bodies?  

        APM         CABE           CIAT         CIBSE          ICE        CIOB 

        CIHT         IHE         IStructE         RIBA          RICS         Other …………… 

 

Section 2: Design-Build Building Project Performance  

 
The aim of this section is to have a better understanding of how you measure project 
performance of D&B building projects.  
 
4- What are the main parameters you would normally consider when you measure the 

performance of your completed D&B projects?  

 

Section 3: Value Management (VM), Risk Management (RM) and Natural 
Environmental (NEM) Practices in D&B projects 
 
Research has shown that for an integrated management system to be effective, the 
effectiveness of the individual systems that are integrated must not be compromised. It is 
also shown that the integrated system must also encourage continuous improvement and 
provide all the benefits normally drive the need to integrate systems. 
Therefore, if we are to integrate VMS, RMS and EMS, this section aims to determine which 
items are used to measure each of the factors that increase the effectiveness of the 
integrated systems. 
 
5- What are the items that make value management effective in D&B building projects? 

 
6- What are the items that make financial risk management effective in D&B building 

projects? 
 
7- What are the items that make environmental management effective in D&B building 

projects? 
 
8- What are the items that need to be considered in order to deliver a continuous 

improvement in a system? 
 
9- What are the items that could be considered as benefits of integrating management 

systems?   
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10- From your experience, are there other factors other than the five above that could also 
be included as critical to managers when they integrate systems especially for D&B 
projects? If yes, please mention and explain the sort of items that comprise the factor. 

 

Section 4: The Proposed Integrated Value, Risk and Environmental Management 
System (IVREMS) 

 
The section aims to find out the items that increase the effectiveness of IVREMS in order 

to improve the performance of D&B building projects. 

 
11- If you are to integrate Value, Risk and Environmental management systems on your D&B 

project, what are the items that you would be keeping an eye on in order to ensure that 
the integrated system is effective?  

12- Do you have any other point or comments? 
 
End of interview questions. Thank you for taking part in the survey.  
 
Please, note that I may contact you in case of a follow up survey. If you do not like to be 
contacted again, please e-mail m.alaqad@brighton.ac.uk  
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

mailto:m.alaqad@brighton.ac.uk
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Appendix F [Participant Information Sheet/Questionnaire] 
 

Research Title:              

An Integrated Approach to Value Management, Risk Management and Environmental 

Management in UK Building Projects. 

Research Funding:  

This research is completely funded by the researcher.  

Researcher Details: 

    Mohammed Alaqad  
    Ph.D. Candidate,  
    School of Environment & Technology,  
    University of Brighton,  
    Mobile: 07401129284, email: m.alaqad@brighton.ac.uk  

The Purposes of the Research  

This project seeks to find ways to resolve wide range of management systems issues 

within an integrated model. This integrated framework will be a practical adaptable 

tool that could provide participating companies for supporting integration of Value 

Management System (VMS), Financial Risk Management System (FRMS), and 

Environmental Management System (EMS) as a new way of thinking towards 

improving building projects performance which adopt Design and Build (D&B) 

procurement route.  

Invitation to Participate in the Research   

You are invited to share your views and experience in this research which aims to 

investigate the practices of risk, value, and environmental management systems in 

D&B building projects. and how is a D&B building project performance measured.   

Participation Involved in the Research 

Participants will be invited to take part in questionnaire. Participants will be requested 

to complete an online questionnaire. It contains seven sections with a total of 35 

questions. It will take approximately 15 minutes to complete the survey. The 

participants are requested to read the questionnaire, select responses from the 

options, and tick appropriate boxes. Participants will complete the survey on JISC 

website complying with University of Brighton policy. 

Participation in the Research   

mailto:m.alaqad@brighton.ac.uk
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Participation in this research survey is voluntary, but once the survey is completed 

and submitted then it cannot be removed. This because the questionnaire will be 

completed anonymously, and it will be impossible to track any questionnaire and 

identify which survey belongs to a certain participant. 

The Benefits and Disadvantages/Risks of Participation  

The potential benefits to the participants of the research include extended knowledge 

on current practices of value, risk, and environmental management systems along 

with building project performance. There are no identifiable risks to the participants 

by taking part in this research and their contributions will remain anonymous. 

Confidentiality 

All questionnaires will be anonymously completed by participants. The survey will not 

ask the participant to provide names or places that might lead to identifying the 

participant.   

Data Protection   

All questionnaires’ documents will be stored in electronic file on a password-protected 

computer will accessible only by the researcher and the supervisory team at the 

University of Brighton. All the documents will be destroyed after 10 years following 

the university’s research policy and GDPR guidance for data protection and privacy.  

Provision of Research Findings to Participants  

The research findings will be published as a doctoral thesis and will be available at 

the University of Brighton Library, accessible to research participants. The research 

results will also be published in scientific journals and conference papers or as part 

of a community resource board. The publications will not contain any reference to 

individual participants or their representative companies or organisation.  

Details of who to contact for further information or to raise any concerns.  

Research Supervisors  

Dr Kassim Gidado 
Principal Lecturer  
email: K.I.Gidado@brighton.ac.uk 

Dr Poorang Piroozfar  
Principal Lecturer  
email:A.E.Piroozfar@brighton.ac.uk 
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Appendix G [Questionnaire] 
 

Confidential 
 

Management Systems & Project Performance Survey 2020 
 
This questionnaire is part of PhD Research being undertaken at the School of 

Environment and Technology, University of Brighton into the Integration of 

Management Systems for Design and Build (D&B) Medium-Sized Building 

Projects in the UK. All responses will be treated in the strictest confidence and 

results will not be published in any form that allows the identification of individual 

respondents. All collected data are confidential, and you will not be asked for your 

name or the name of your organisation. Responses are based on your own 

knowledge and experiences; therefore, there is no correct or incorrect answer. The 

questionnaire will take around 10 minutes to complete.  

 I understand that this survey contains questions related to my 
experience and knowledge.  

 

 I give my consent and permission to the researcher to use anonymous 
excerpts from this survey.  

 

 
 

I agree to participate in this survey. 

 

1. How would you classify your organisation?  

 Private Client 
Organisation      

  Private Consultancy  Private Contractor  

 Local Government  
 Government 

Ministry/Department/Agency  

  Charity/Non-
Governmental 
Organisation  

 

2. Which of the following best describes your current role in the construction 

industry? (please, select only one). 

 Architect       Project Manager  Construction Manager  

 Engineer  
 Quantity Surveyor/Cost 

Engineer 
  Other (please specify) 

………… 
 

3. In total, how long have you been working in the construction industry? (In 

years). 

 <3  3-7  8-12  >12 

 

 

PART 1. Background Information 



297 
 

 
 
 

Environmental 
Management 

System 

Value 
Management 

System  

Financial Risk 
Management 

System  

S
ta

n
d

a
lo

n
e

  

In
te

g
ra

te
d
 w

ith
 

o
th

e
rs

 

S
ta

n
d

a
lo

n
e

  

In
te

g
ra

te
d
 w

ith
 

o
th

e
rs

 

S
ta

n
d

a
lo

n
e

  

In
te

g
ra

te
d
 w

ith
 

o
th

e
rs

 

4. When you deliver D&B 
building projects, does your 

company normally 
implement the following 

project management 
systems as standalone 

systems or as an integrated 
system with others?  

      

 

 

PART 2.  Factors that could affect the effectiveness of an Integrated 
Value, Financial Risk and Environmental Management System 

2.A. Value Management Factor 

 
Based on your knowledge/experience, please indicate to which you agree/disagree 
that the following items are essential in making the management of Value effective 
in Design & Build medium-sized building projects. 
 
1 = Strongly Disagree 2 = Disagree 3 = Neither Agree nor Disagree 4 = Agree 5 = Strongly Agree 

 

 1 2 3 4 5 

Defining clear goals of VM exercises (study)       

Timing of VM workshops       

Applying structured job plan       

Regular engagement of clients       

Having experienced team (qualified Value Facilitator)       

Interaction among workshop participants       

Using of relevant skills and techniques (such as 
SMART, FAST, Brainstorming, etc)  

     

Having multidisciplinary VM team         

2.B. Financial Risk Management Factor 
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Based on your knowledge/experience, please indicate to which you agree/disagree 
that the following items are essential in making the management of Financial Risk 
effective in Design & Build medium-sized building projects. 
 
1 = Strongly Disagree 2 = Disagree 3 = Neither Agree nor Disagree 4 = Agree 5 = Strongly Agree 

 

 1 2 3 4 5 

Client empowerment in order to be fully involved in the 
financial risk management process 

     

Appointment of a qualified Risk Analyst/Manager      

Carrying out risk identification and analysis      

Risk allocation or apportionment      

Seeking for risk mitigating solutions and appraise new or 
residual risk 

     

Carrying out risk monitoring, documentation and control      

Having communication between stakeholders      

Carrying out risk management post-evaluation and 
feedback 

     

2.C. Environmental Management Factor  

 
Based on your knowledge/experience, please indicate to which you agree/disagree 
that the following items are essential in making the management of Environment 
effective in Design & Build medium-sized building projects. 
 
1 = Strongly Disagree 2 = Disagree 3 = Neither Agree nor Disagree 4 = Agree 5 = Strongly Agree 

 

 1 2 3 4 5 

Regular reviewing and documentations of environmental 
impacts 

     

Setting up guidelines and benchmarking system      

Considering the environmental impacts of the building 
project at the pre-construction stage 

     

Assessing reliability and quality of design specification       

Raising client awareness towards environmental impact       

Adopting green technology and techniques      

Having clear leadership and allocating responsibility       

Involving Stakeholders       
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2.D. Continuous Improvement Factor 

 
Based on your knowledge/experience, please indicate to which you agree/disagree 
that the following items are essential in making Continuous Improvement effective 
in Design & Build medium-sized building projects. 
 
1 = Strongly Disagree 2 = Disagree 3 = Neither Agree nor Disagree 4 = Agree 5 = Strongly Agree 

 

 1 2 3 4 5 

Setting goals by the management team      

Measuring selected works      

Setting benchmarking       

Carrying out reviews, documentation and feedback      

Having effective communication between teams       

Using lean construction      

Considering /Targeting quality improvement        

Incentivising contractors to commit to continuous 
improvement regime  

     

2.E Integration Factor  

 
Based on your knowledge/experience, please indicate to which you agree/disagree 
that the following items are essential in making Integration of Management Systems 
effective in Design & Build medium-sized building projects. 
 
1 = Strongly Disagree 2 = Disagree 3 = Neither Agree nor Disagree 4 = Agree 5 = Strongly Agree 

 

 1 2 3 4 5 

Defining clearer objectives       

Keeping an eye on difficult-to-quantify elements      

Improving decision-making       

Achieving mutual benefits      

Saving time       

Enhance process efficiency      

Reduce paperwork       

Ensuring enhanced communication between 
stakeholders  

     

2.F. Human Factor   
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Based on your knowledge/experience, please indicate to which agree/disagree that 
the following items are essential in making the management of people (Human 
Influence) effective in Design & Build medium-sized building projects. 
  
1 = Strongly Disagree 2 = Disagree 3 = Neither Agree nor Disagree 4 = Agree 5 = Strongly Agree 

 

 1 2 3 4 5 

Helping construction professionals who are resistant to 
any change, to accept/adopt changes. 

     

Calling for a Standard for Snagging to help assess the 
quality of work objectively rather than subjectively  

     

To encourage behavioural change to shift from 
concentration on personal interest to focus on quality of 
work 

     

Reducing conflicts and tensions in meetings       

Improving use of the management systems 
appropriately   

     

Encourage willingness of expanding experiences and 
knowledge with training for using new systems 

     

Creating an environment of cooperation and 
collaboration to enhance communication 

     

Improving gender balance (increasing the number of 
women in construction) 

     

PART 3. Integrated Value, Financial Risk, and Environmental 
Management System (IVREMS)  

 
Based on your knowledge/experience, please indicate to which you agree/disagree 
that the following items are essential in making the use of an Integrated Value, 
Financial Risk, and Environmental Management System (IVREMS) effective in 
manging Design & Build medium-sized building projects. 
 
1 = Strongly Disagree 2 = Disagree 3 = Neither Agree nor Disagree 4 = Agree 5 = Strongly Agree 

 

 1 2 3 4 5 

Planning and implementing the integration process 
(including selection of the integration strategies, goals, 
integration levels, and resources) 

     

Ensuring that the management of environmental items 
are not diminished as the various systems are 
integrated  

     

Review and evaluation of integrated management 
system for continuous improvement. 
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Ensuring that the management of Value items are not 
diminished as the various systems are integrated. 

     

Involving, educating and encouraging the client to adopt 
the new integrated system 

     

Ensuring that the management of Financial Risk items 
are not diminished as the various systems are 
integrated. 

     

Enhancing accessibility and user friendliness of the 
integrated management system (e.g. embed the new 
integrated management system with current approach 
such as BIM, PMBOK, REX, etc)   

     

Enhancing communication between all stakeholders 
involved in the use of the integrated management 
system 

     

PART 4. Performance of D&B Medium-Sized Building Projects 

 
Based on your knowledge/experience, please indicate to which you disagree/agree 
that the following items are essential in the Measurement of Project Performance in 
Design & Build medium-sized building projects. 
 
1 = Strongly Disagree 2 = Disagree 3 = Neither Agree nor Disagree 4 = Agree 5 = Strongly Agree 

 

 1 2 3 4 5 

Making profits by stakeholders (e.g. contractors, sub-
contractors, and designers)  

     

Design clarity as the project progress       

Satisfying the client      

Achieving required health and safety      

Achieving required quality      

Reducing environmental impacts        

Completing the project within budget      

Completing the project within schedule      
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Appendix H [Quantitative Statistical Analysis]  
 

Regression Results between Value Management Factor and Performance of 

D&B Medium-Sized Building Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.174 0.030 0.021 0.57683 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 1.063 1 1.063 3.196 0.077 

Residual 33.938 102 0.333   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 3.620 0.417  8.683 0.000 

Value 0.183 0.102 0.174 1.788 0.077 

 

 

Regression Results between Value Management Factor and Effectiveness of 

IVREMS 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.379 0.144 0.135 0.52594 

 ANOVA  

 
Sum of 
Squares 

df Mean Square 
F Sig. 

 

Regression 4.732 1 4.732 17.108 0.000 

Residual 28.215 102 0.277   

Total 32.947 103    
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Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

 
(Constant) 2.519 0.380  6.628 0.000 

Value 0.386 0.093 0.379 4.136 0.000 

 

Regression Analysis Result between Value Management Factor, Effectiveness 

of IVREMS & Performance of D&B Medium-Sized Building Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.613 0.376 0.363 0.46510 

ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 13.154 2 6.577 30.403 .000b 

Residual 21.848 101 .216   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

 

(Constant) 1.971 .402  4.901 0.000 

Value -.070- .089 -.066- -.781- 0.436 

IVREMS .655 .088 .635 7.476 0.000 

 

Regression Results between Financial Risk Management Factor and 

Performance of D&B Medium-Sizes Building Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.159 0.025 0.016 0.57832 

 ANOVA  
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Sum of 
Squares 

df Mean Square F Sig. 

 

Regression .888 1 0.888 2.655 0.106 

Residual 34.114 102 0.334   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 3.528 0.512  6.885 0.000 

Financial 
Risk 

0.192 0.118 0.159 1.629 0.106 

 

Regression Results between Financial Risk Management Factor and 

Effectiveness of IVREMS 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.355 0.126 0.118 0.53124 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 4.161 1 4.161 14.743 0.000 

Residual 28.786 102 0.282   

Total 32.947 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 2.280 0.471  4.844 0.000 

Financial 
Risk 

0.416 0.108 0.355 3.840 0.000 

 

Regression Analysis Result between Financial Risk Management Factor, 

Effectiveness of IVREMS and Performance of D&B Medium-Sized Building 

Projects 
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 R R Square Adjusted R Square Std. Error of the Estimate 

 0.613 0.376 0.363 0.46510 

ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 13.154 2 6.577 30.404 0.000 

Residual 21.848 101 0.216   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 2.040 0.457  4.462 0.000 

Financial 
Risk 

-0.079- 0.101 -0.066- -.782- 0.436 

IVREMS 0.653 0.087 0.633 7.530 0.000 

 

Regression Results between Environmental Management Factor and 

Performance of D&B Medium-Sized Building Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.294 0.086 0.077 0.55997 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 3.018 1 3.018 9.624 .002 

Residual 31.984 102 .314   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 3.081 .415  7.421 .000 

Environment .308 .099 .294 3.102 .002 
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Regression Results between Environmental Management Factor and 

Effectiveness of IVREMS 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 .436 .190 .182 .51152 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 6.258 1 6.258 23.917 .000 

Residual 26.689 102 .262   

Total 32.947 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 2.238 .379  5.901 .000 

Environment .443 .091 .436 4.890 .000 

 

Regression Analysis Result between Environmental Management Factor, 

Effectiveness of IVREMS and Performance of D&B Medium-Sized Building 

Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 .611 .373 .361 .46615 

ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 13.055 2 6.527 30.039 .000 

Residual 21.947 101 .217   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 
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(Constant) 1.709 .400  4.268 .000 

Environment .036 .092 .034 .392 .696 

IVREMS .613 .090 .595 6.796 .000 

 

Regression Results between Continuous Improvement Factor and 

Performance of D&B Medium-Sized Building Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.287 0.082 0.073 0.56114 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 2.885 1 2.885 9.161 .003 

Residual 32.117 102 .315   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 3.073 .428  7.177 .000 

Continuous 
Improvement   

.299 .099 .287 3.027 .003 

 

Regression Results between Continuous Improvement Factor and 

Effectiveness of IVREMS 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 .416 .173 .165 .51690 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 
Regression 5.694 1 5.694 21.310 .000 

Residual 27.253 102 .267   
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Total 32.947 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 2.271 .394  5.758 .000 

Continuous 
Improvement   

.420 .091 .416 4.616 .000 

 

 

Regression Analysis Result between Continuous Improvement Factor, 

Effectiveness of IVREMS and Performance of D&B Medium-Sized Building 

Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.611 0.373 0.361 0.46600 

ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 13.069 2 6.534 30.091 .000 

Residual 21.933 101 .217   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 1.685 .409  4.115 .000 

Continuous 
Improvement   

.042 .090 .041 .468 .641 

IVREMS .611 .089 .593 6.848 .000 

 

Regression Results between Integration Factor and Performance of D&B 

Medium-Sized Building Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 
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 0.365 0.133 0.125 0.54539 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 4.662 1 4.662 15.673 .000 

Residual 30.340 102 .297   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 2.733 .414  6.605 .000 

Integration .388 .098 .365 3.959 .000 

 

 

Regression Results between Integration Factor and Effectiveness of IVREMS 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.553 0.306 0.299 0.47363 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 10.066 1 10.066 44.875 .000 

Residual 22.881 102 .224   

Total 32.947 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 1.689 .359  4.701 .000 

Integration .570 .085 .553 6.699 .000 
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Regression Analysis Result between Integration Factor, Effectiveness of 

IVREMS and Performance of D&B Medium Size Building Project 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.611 0.373 0.361 0.46609 

ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 13.060 2 6.530 30.060 .000 

Residual 21.941 101 .217   

Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 1.710 .390  4.383 .000 

Integration .043 .101 .040 .424 .673 

IVREMS .606 .097 .588 6.218 .000 

 

 

Regression Results between Human Factor and Performance of D&B Medium-

Sized Building Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.307 0.094 0.085 0.55751 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 3.298 1 3.298 10.611 .002 

Residual 31.704 102 .311   

Total 35.002 103    

Coefficients 
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Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 2.977 0.428  6.963 .000 

Human 0.333 0.102 0.307 3.257 .002 

 

Regression Results between Human Factor and Effectiveness of IVREMS 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 0.523 0.274 0.267 0.48437 

 ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 

Regression 9.017 1 9.017 38.432 .000 

Residual 23.930 102 .235   

Total 32.947 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 
(Constant) 1.793 .371  4.828 .000 

Human .551 .089 .523 6.199 .000 

 

Regression Analysis Result between Human Factor, Effectiveness of IVREMS 

and Performance of D&B Medium-Sized Building Projects 

 

 R R Square Adjusted R Square Std. Error of the Estimate 

 .610 .372 .360 .46643 

ANOVA  

 
Sum of 
Squares 

df Mean Square F Sig. 

 
Regression 13.028 2 6.514 29.943 .000 

Residual 21.973 101 .218   
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Total 35.002 103    

Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

 

(Constant) 1.834 .396  4.625 .000 

Human -.018- .100 -.017- -.180- .857 

IVREMS .638 .095 .619 6.688 .000 

 

 


