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Abstract 

Despite being one of the largest industry sectors in the world, construction continues to suffer 

from underperformance. Contractors are the driving force behind built assets, and selecting 

high-performing contractors is crucial to the success of construction projects. However, the 

industry lacks a systematic and purpose-driven method of assessing contractors’ performance 

using objective metrics. Furthermore, contractors do not have a systematic way to gauge their 

own performance in the pursuit of continuous improvement. Although there are numerous 

approaches to the measurement of contractors’ performance, the literature suggests that most 

are complicated and highly dependent on data that are difficult to attain. The research presented 

in this thesis addresses this knowledge gap by creating a model for predicting construction 

contractors’ performance based on directly attributable measures that are quantitatively 

measurable and easily accessible. 

To achieve the aim of this research, a detailed literature review was conducted initially, which 

explored major aspects of performance; outcomes (success and failure), dimensions (efficiency 

and effectiveness) and measures (critical success factors, success criteria, key performance 

indicators, and contractor prequalification and selection criteria) of performance. Accordingly, 

the relationship between the major aspects of performance was established for developing a 

performance prediction model, which was conceptualised as a linear additive model. Based on 

comprehensive literature searches followed by a combination and categorisation process, 28 

categories of measures of performance (MoPs) were identified. Through a series of Delphi-

based expert forums, the categories of MoPs were fine-tuned and shortlisted. Fuzzy analytic 

hierarchy process-based comparisons were conducted via an expert forum to calculate weights 

of relative importance for the top-seven MoPs, which were: 30.9% for health and safety 

performance, 19.2% for quality performance, 13.3% for financial performance, 12.9% for 

human resources strength, 9.1% for experience in similar projects, 8.3% for environmental 

performance and 6.3% for productivity achievement. In line with the literature, actual 

construction project data and expert opinions, corresponding critical measures of performance 

(CMoPs) were established through a Delphi-based expert forum, and corresponding data 

distributions and benchmarks were established. Taking these data inputs, Monte Carlo 

simulation was applied to develop an overall performance model, which was then validated 

using actual construction project data and a Delphi-based expert forum.  
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The findings of this research make a number of contributions to theory and practice. The 

developed performance model—the Contractors’ Performance Index (CPIx) provides a 

performance score based on seven non-price CMoPs. As the CPIx is based on factors that are 

within the control of the contractor, it provides a fair and independent assessment of 

performance that is not influenced by other factors. In an industry significantly driven by price-

based decisions that are solely based on non-price measures, the CPIx shifts the focus towards 

other aspects such as quality, health and safety, sustainability and productivity when evaluating 

performance, leaving price based measures for commercial considerations. Contractors can use 

the CPIx to self-evaluate their levels of project and organisational performance. If implemented 

as a sector-based performance evaluator, it can then be used to develop industry benchmarks 

for different categories of construction. The CPIx is presented as a prototype mobile application 

that can be conveniently used by various stakeholders to track performance within the 

construction industry.
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1 Introduction 

 Research background 

Construction contributes to around 13 per cent of gross domestic product (GDP) and is one of 

the largest industry sectors in the world, with an annual global spend of approximately USD 10 

trillion (McKinsey Global Institute 2017). It is a highly resource-intensive industry that relies 

heavily on labour, equipment, materials and logistics (Dzeng & Wu 2013). Langston (2014) 

stated that the construction industry has long been criticised for its underperformance. It was 

further confirmed through a global survey by KPMG (2015) that 90% of public sector 

construction projects underperform, while more than 69% of projects experience time and cost 

overruns of more than 10%. The World Economic Forum (2016) suggested that, considering 

the scale of the construction industry, even a small improvement in performance could provide 

substantial socio-economic benefit. Hence, a need to improve overall performance in the 

construction industry is apparent (Mellado, Lou & Becerra 2020; Pekuri, Haapasalo & Herrala 

2011). 

In order to improve performance, the concept of it must be analysed from different aspects. It 

can mainly be explored based on three major aspects as outcomes of performance, dimensions 

of performance, and measures of performance. Assessing the links among these aspects will 

provide a basis for better understanding the concept of performance. As one of the outcomes, 

success is the concept most associated with performance, so is a suitable starting point from 

which to explore performance. Performance reflects the success of a project and is judged and 

quantified through performance measurement (Leong et al. 2014a). Similarly, Cooke-Davies 

(2002) distinguished success and performance, highlighting the importance of linking them in 

a meaningful manner. Accordingly, performance predicts success and can be measured during 

a project, while success can only be measured at project completion. The success of a contractor 

can be influenced by the success of a construction project (Cleary & Lamanna 2022). The 

success of a construction project is defined as the meeting of the project’s objectives with 

minimal variations (Toor and Ogunlana, 2010, Chan and Chan, 2004). Conversely, Khlaifat et 

al. (2019) defined failure as the substantial exceeding of budget, schedule and scope, as well as 

the inability to obtain the project’s functional requirements as perceived by stakeholders. 

Almahmoud, Doloi and Panuwatwanich (2012) elaborated that defining project success and 

failure can ensure that success is repeated while failure is avoided. 
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Performance can also be viewed from a couple of different dimensions—effectiveness and 

efficiency—which play key roles in measuring performance (Marques, Gourc & Lauras 2011; 

Tripathi & Jha 2018). According to Müller and Jugdev (2012), these are reflected in the 

successful accomplishment of a construction project. Efficiency is the production of an output 

in a competent and qualified way and is an internal, tangible measure of success (Leksic 2018; 

Nyhan & Martin 1999; Pinto & Prescott 1990; Zidane & Olsson 2017). Although a project may 

be finished efficiently without wasting time and money, the results may be disappointing or 

even considered a failure if the project is not done effectively (Shenhar et al. 2001). Sundqvist, 

Backlund and Chronéer (2014) stated that effectiveness refers to selecting and focusing on the 

production of an output that has a demand. To be effective, a project must meet the objectives 

set by the client (Ashworth & Perera 2015) or satisfy or exceed all the requirements (De Toro 

& McCabe 1997). Shenhar et al. (2001) added that project success is strongly linked to 

effectiveness and to organisational success in the long run. As such, it is evident that 

performance is connected to outcomes and dimensions, which are pivotal in measuring 

performance.   

Latham (1994) and Egan (1998) investigated areas of improvement in the UK construction 

industry with an emphasis on performance measurement. According to Stevens (1996), in order 

to track, forecast and control the variables that affect the success of a construction project, 

measurement is important. Yang et al. (2010) reiterated that the complexity and 

competitiveness of the global business environment have escalated the requirement for 

performance measurement. Critical success factors (CSFs), success criteria, key performance 

indicators (KPIs) and contractor prequalification and selection criteria can be considered as 

measures of performance (MoP) that relate to the other aspects of performance outcomes and 

dimensions. Success criteria are measures of success or failure judgment, while success factors 

refer to inputs that drive a project to success (Cooke-Davies 2002). Mbugua et al. (1999, p. 257) 

defined CSFs as ‘the few issues, fundamental to the achievement of a particular strategic 

objective’. According to Cox, Issa and Ahrens (2003), KPIs typically compare actual and 

estimated performance in terms of effectiveness, efficiency and quality, and allow for the 

measurement of project and organisational performance throughout the industry (Chan & Chan 

2004). Prequalification is a process used to predict the satisfactory execution of a project by 

prospective contractors (Hatush & Skitmore 1997b). Therefore, a combination of MoPs can 

assist in influencing and measuring performance.  
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According to Ashworth (2013), the positive outcomes experienced by a client may be broadly 

indicated either via financial measures, such as a developer’s expected gains, or non-financial 

(or non-price) measures, such as social gains. Generally, performance measurement is limited 

to traditional financial measures (Costa et al. 2006). However, Ashton (1997) was of the view 

that financial measures promote a reactive method of management and mostly focus on short-

term goals, whereas non-price measures promote a proactive method of management and lead 

to long-term goals. Ali, Al-Sulaihi and Al-Gahtani (2013) added that financial measures have 

long been criticised due to their limitations, retrospective outlook and inability to reflect current 

value-creating actions. This insufficiency has led to an increased interest in non-price measures, 

such as client and user satisfaction, project functionality, freedom from defects, and absence of 

legal claims (Takim & Adnan 2008). Similarly, Khosravi and Afshari (2011) added further 

indices: key milestone time objectives, good project health, safety and environmental outcomes, 

and overall client satisfaction. Furthermore, the levels of construction waste and sustainability, 

the degree of project teamwork, and the time saved by off-site construction can also be used as 

non-price measures (Alazzaz & Whyte 2014). Hence, both price-based and non-price-based 

MoPs need to be explored, with a preference for the latter (Gunasekara et al. 2019).   

Performance measurement within the construction industry can primarily occur in two 

scenarios. For contractors, gauging one’s own performance status is an important way to 

achieve continuous improvement, and can be assessed by comparison with previous best 

practices (Langston 2014). Furthermore, contractors are more vulnerable to bankruptcy due to 

unique challenges associated with the construction industry (Jang, Jeong & Cho 2021) where 

predicting performance becomes vital. On the other hand, performance measurement is 

important when selecting contractors. In order to achieve project success, selecting high-

performing contractors is pivotal (Alarcon & Mourgues 2002; Alhumaidi 2015; Martin & 

Ramjarrie 2021; Singh & Tiong 2005). Conversely, in a traditional procurement system, the 

main causes of underperformance are known to be the adversity and uncertainty experienced 

during a construction project coupled with unsuitable choices of contractors (Hatush & 

Skitmore 1997b). The contractor selection process attempts to assess a contractor’s capability 

based on price, past performance and performance potential (Singh & Tiong 2005). According 

to Holt, Olomolaiye and Harris (1994), a contractor selection technique is effective if the 

candidate’s capability can be evaluated in terms of performance requirements. Consequently, 

predicting the performance of contractors has become imperative as it facilitates identification 

of better performing contractors (Wong 2004). Therefore, there is a niche for a model that 
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focuses solely on contractors’ attributes and is based on quantitative parameters that are readily 

available and easily measured.  

 Research problem and research questions 

The background to this research suggests that there is a need to improve the performance of the 

construction industry, which has to be initiated by improving contractors’ performance through 

a systematic method of performance measurement. Due to its unique type of business setup, 

product complexity and high financial involvement, construction is inherently a measurement-

resistant industry. The absence of a proper rating mechanism to gauge the contractors, adds to 

this problem. While performance measurement is a well-researched field with a multitude of 

different mechanisms used around the world, it continues to be dominated by traditional 

measures and subjective assessment methods. This has created the need to find a set of 

performance measures that are easy to capture, readily available, quantitatively measurable and 

directly attributable to contractors. Such a system would allow measures that are recorded as 

part of contractual or administrative requirements to be used more openly, with measurement 

transparency (Chandler et al. 2019). Contractors would have the opportunity to self-evaluate 

their performance if a performance index-based scoring system could be developed. This could 

be expanded to the industry-wide tracking of contractor performance without the need for 

granular-level data. Additionally, apart from the typical requirement of evaluating prospective 

contractors prior to awarding a contract, repeat clients that possess a considerably good set of 

data would have the opportunity to form opinions through their own experience in a systematic 

and methodical way. Based on these requirements, there is a need to revisit the concept of 

contractor performance prediction via a novel approach based on a limited set of performance 

measures. This knowledge gap was addressed by the following research questions (RQs): 

RQ1:  What are the metrics available to measure contractors’ performance?  

RQ2:  What are the methodologies available for predicting contractors’ performance? 

RQ3: How can the benchmarks for critical measures of contractors’ performance be 

determined? 

RQ4: How can a viable model be developed for predicting contractors’ performance using 

non‐ price measures? 

In order to resolve these research questions, a research aim and several research objectives were 

established. 
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 Research aim and objectives 

The aim of this research is to develop a model to analyse construction contractors’ performance 

based on past project and organisational performance using price and non-price measures, as a 

tool for improving contractors’ performance. 

The research aim was achieved by completing several research objectives (ROs), as follows: 

RO1: To identify, define and analyse the different outcomes, dimensions and measures of 

performance.  

RO2: To determine suitable methodologies for modelling the measures that predict 

contractors’ performance. 

RO3: To determine benchmarks of the critical measures of performance. 

RO4: To develop a model that connects project and contractors’ performance. 

RO5: To test and validate this model. 

The overall methodology adopted to achieve the above objectives is summarised in the next 

section. 

 Research methodology 

The research design of this study was developed based on the research aim and objectives. An 

extensive literature review was conducted to gather existing information on the different 

outcomes, dimensions, and measures of performance and the different methodologies used to 

model contractors’ performance. This achieved RO1 and RO2 and provided a background and 

rationale for the current investigation. It helped to identify research gaps and provided a basis 

for developing an initial conceptual model for performance prediction. 

The second main stage of this research was to shortlist the main categories of measures of 

performance, identify the critical measures to be used in the model, and calculate weights 

accordingly. Two consecutive Delphi-based expert forums were used to refine the list of 

measures of performance and identify the respective critical measures of performance. In a third 

expert forum, a fuzzy analytic hierarchy process was used to conduct pairwise comparisons to 

determine the weights for the top measures of performance. 
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To develop benchmarks for the critical measures of performance, actual construction project 

data and expert opinions were obtained. Historical data related to the critical measures were 

obtained from apartment developer-builders and contractors to explore the data distributions. 

Supported by previous literature, industry norms and the project datasets, a fourth Delphi-based 

expert forum was conducted to define the respective data distributions and benchmarks, thereby 

completing the third objective of the study. Monte Carlo simulation was used to expand the 

distributions of each measure of performance and overall performance in order to define the 

score ranges, thereby creating a Contractors’ Performance Index (CPIx). This completed the 

fourth objective of the study. 

To validate the model, initially, data were collected from sources (apartment developer-builders 

and contractors) and applied in CPIx to explore the results and were assessed qualitatively. A 

user interface for CPIx was developed as a mobile application prototype for demonstration 

purposes. The final stage of the research was to validate the CPIx. The usability, approach, 

veracity and overall effectiveness of the CPIx were measured and evaluated from an industry 

perspective. Expert feedback was obtained via a fifth Delphi-based expert forum in which the 

CPIx prototype was presented, which enabled validation of the model both internally and 

externally.  

 Research scope and limitations 

This research focuses on construction performance from the perspective of the contractor. Since 

construction covers a wide range of outputs, the performance index needed to be specific to 

certain types of projects. An initial choice between engineering projects and building projects 

was made based on the value of construction work done in Australia. Accordingly, the building 

construction sector, which accounts for close to 58% of the total value of construction work 

(Australian Bureau of Statistics 2021b), was chosen in consideration of its overall impact on 

performance. Out of the building projects, the scope was narrowed to residential building 

projects, which comprise around 63% of the total building construction value.   

Shergold and Weir (2018) emphasised that one significant change in the Australian building 

construction sector over the past 30 years has been an increase in the construction of multi-

storey buildings, mainly for residential living. Such multi-unit residential buildings or 

apartments come under the classification of ‘class 2’ buildings according to the National 

Construction Code (Australian Building Codes Board 2020). Recent building failures have 
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occurred in several class 2 buildings in New South Wales (NSW), such as the Opal and Mascot 

Towers, which have raised concerns over construction quality and builder performance 

(Australian Financial Review 2019). For these reasons, especially considering the current issue 

of underperformance, the scope of the research was set to class 2 buildings and corresponding 

contractors.    

While this research makes an important contribution to knowledge, its research design and 

findings were restricted by practical limitations. Most of the limitations were due to the short 

research timeframe and the nature of the study. Expecting an insufficient response rate, a survey 

was not considered as an effective way to shortlist the measures of performance and decide on 

the appropriate data ranges for the critical measures. Part of the data was obtained through 

expert forums, which made the study more qualitative. A limited amount of apartment 

construction project data was collected from class 2 contractors and used to define some of the 

critical measure data distributions, which were confirmed using the expert forums.  

 Significance of the study 

The significance of this study is the development of Contractors’ Performance Index (CPIx), a 

quantitatively driven and simple to use tool for measuring performance of contractors. A unique 

feature of CPIx is the establishment of benchmarks for seven key measures of performance. It 

primarily allows contractors to self-evaluate their level of performance based on organisation-

specific and project-specific measures. Its ability to provide performance category-based 

individual scores enables the identification of strengths and weaknesses of the contractor. 

Furthermore, having a single overall performance score allows for rapid and continuous review 

of performance over time. Although there are different performance evaluation models that rely 

on robust data points, obtaining such records is very limited. Another key advantage of CPIx is 

its reliance on easily accessible records that can cater for any scale of contractors irrespective 

of the organisation size or record-keeping capacity. Apart from the established performance 

index, this study also presents a comprehensive methodology, effectively utilising series of 

Delphi-based expert forums, which can be adopted for various other research.   
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 Structure of the thesis 

This thesis contains nine chapters. A brief overview of the chapter content follows. 

Chapter 1 outlines the background to the research and identifies the research gaps. Then, it 

presents the research questions, aim and objectives, and briefly describes the research 

methodology. This chapter also presents the scope and limitations of the research and a thesis 

outline. 

Chapter 2 presents a literature review, which explores the construction industry and the 

measurement of performance, along with the outcomes and dimensions of performance. To 

expand on measures of performance, it details four comprehensive literature searches 

conducted on: critical success factors, success criteria, key performance indicators, and 

contractor prequalification and selection criteria.  

Chapter 3 explains price and non-price measures of performance. It expands the 28 categories 

of measures of performance identified in the literature review of Chapter 2. Then, it explores 

the modelling techniques used to create a performance prediction model, including multi-

criteria decision-making methods. 

Chapter 4 explains the methodological considerations of this research by describing and 

justifying the philosophical stance, research approaches, methodological choices and research 

strategies. The research design and data collection and analysis techniques are also presented 

and explained. The method used for creating the model is discussed, along with Monte Carlo 

simulation. Finally, the reliability and validity measures used are explained. 

Chapter 5 initially describes the process of identifying the critical measures of performance, 

which involved a series of Delphi-based expert forums (Expert Forums 1 and 2). The data 

collected from expert forums were analysed quantitatively and qualitatively. After shortlisting 

the critical measures, the chapter presents the results of a fuzzy analytic hierarchy process-based 

expert forum (Expert Forum 3). Weights are calculated, providing a basic weighted 

performance index.  

Chapter 6 presents the overall process of defining the data distributions for each critical 

measure of performance, which is supported by actual project data, literature and industry 

norms. Through Expert Forum 4, logical value ranges and benchmarks are established.  
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Chapter 7 showcases the application of Monte Carlo simulation to developing the Contractor 

Performance Index (CPIx). The chapter further discusses a prototype of CPIx developed for use 

as a mobile application. Further, it validates the CPIx by applying the model to actual project 

data as well as a final expert forum (Expert Forum 5). It discusses the acceptability and 

appropriateness of the CPIx for use in the construction industry.  

Chapter 8 presents a detailed discussion on the findings by comparing CPIx to other 

performance measurement systems and their limitations. It also explores how CPIx relates to 

the originally set relationship among the major aspects of performance, and how it is developed 

along the way. 

Chapter 9 presents the conclusions with reference to the research aim and objectives and how 

they were addressed and achieved. It outlines the contributions of the research to existing 

knowledge and identifies its limitations and future research directions 
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2 Performance measurement in the construction industry  

 Introduction 

This chapter investigates the basic concepts related to performance measurement, which 

include the outcomes, dimensions and measures of performance. Initially, an overview of the 

construction industry (Section 2.2) is provided, with a focus on its stakeholders, the general 

mechanisms of how it operates, and performance measurement (Section 2.3). Next, literature 

related to success and failure, which are performance outcomes, is reviewed (Section 2.4). An 

overview of the efficiency and effectiveness dimensions of performance is provided in Section 

2.5. Then, measures of performance are discussed in detail (Section 2.6) in terms of success 

criteria and critical success factors (Section 2.7), key performance indicators (Section 2.8) and 

contractor prequalification and selection criteria (Section 2.9). The chapter concludes by 

collating the measures of performance (Section 2.10) and establishing relationships between 

the dimensions, outcomes and measures of performance (Section 2.11). 

 Construction industry overview 

2.2.1 Background to the construction industry 

With an approximate annual spend of over USD 10 trillion on related goods and services, 

construction is considered to be one of the largest industrial sectors of the world economy 

(McKinsey Global Institute 2017). Construction acts as a catalyst for almost all other industries 

by providing the required constructed assets (Arditi & Mochtar 2000; Langston 2014; World 

Economic Forum 2016). Ashworth and Perera (2015) highlighted the construction industry’s 

importance based on factors such as the scale of the industry, overall employment, investment 

nature of the product, and government involvement and output. As an example, Australian 

construction industry was involved in over $ 437 billion in revenue while employing over one 

million workers as of 2022 (Kelly 2022).  The construction industry itself is used as an 

economic regulator by the government, thereby signifying its importance (Ashworth & Perera 

2015) .   

As a heavily resource-intensive industry, construction is the largest global consumer of raw 

materials, equipment, manpower and transportation (Dzeng & Wu 2013). Kagioglou, Cooper 

and Aouad (2001) stated that the core business of construction either involves creation of 

constructed assets or modification of existing constructed assets (demolition, extension, 
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refurbishment, etc.) for a variety of clients. The construction industry is unique in the sense that 

it is project-specific and involves temporary team relationships that form and disband 

periodically based on each project (Fewings 2019; Langston 2014). Given the uniqueness of 

each project, there are likely to be non-repetitive activities that require rather complex 

relationships between different parties. Jin et al. (2013) opined that the construction industry is 

a localised industry as its final output is unique, immovable, tailor-made and site-based. The 

wide differences among project sites, market fragmentation, involvement of many project 

stakeholders with differing objectives, high pressures on construction time and cost, and rapid 

advancements in design and technical requirements all collectively influence construction 

projects, making them highly risky, dynamic and complex (Chan & Chan 2004; Fewings 2019; 

Haponava & Al‐Jibouri 2010).  

There are mixed perceptions regarding the comparability of the construction industry with other 

manufacturing-based industries. In his report on the construction industry’s status in the UK, 

Egan (1998) stated that 80% of the inputs are repeated when considering the construction 

outputs, in terms of product uniqueness compared to other industries. Ahmad et al. (2016) 

opposed this view, stating that the high degree of fragmentation between the parties involved 

in design and execution activities, and the inability to maintain a highly controlled environment 

to ensure product quality, makes it difficult to equate the construction industry to the 

manufacturing industry. Farmer (2016) noted the structural makeup of the construction industry 

and its organisational separation, where there is low interaction between contractors and clients 

at the initial stage of a project.  

The construction industry is commonly known to be a poor performer due to being wasteful, 

inefficient, ineffective and lagging in terms of productivity (Fulford & Standing 2014; 

Haponava & Al‐Jibouri 2010; Jang et al. 2021; Nasir et al. 2012). These factors result in time 

and cost overruns, low client satisfaction, and overall project losses (Kashiwagi et al. 2017). 

The McKinsey Global Institute (2017) reported that global construction-sector labour-

productivity growth has averaged only 1% per year during the last two decades, as opposed to 

2.8% for the total world economy and 3.6% for the manufacturing industry. Especially due to 

the cyclical nature of the industry, which is based on projects, there is little room for developing 

a qualified labour force even though it is highly labour intensive (Horta & Camanho 2014). 

Further, based on a study done by the McKinsey Global Institute (2017), less than 25% of 

construction firms have matched the productivity growth of their corresponding national 
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economies in the past decade. Horta and Camanho (2014) stated that performance improvement 

in the industry has also been hindered due to limitations in implementing technological 

advancements. This fact is supported by the World Economic Forum (2016), which stated that 

the construction industry’s reluctance to embrace modern technology, along with stagnant 

labour productivity, has reduced its performance. The report listed other reasons for the low 

performance of the industry: 

1) Persistent fragmentation in the industry 

2) Inadequate collaboration with suppliers and contractors 

3) Lack of an adequate skilled labour force 

4) Insufficient knowledge transfers from project to project 

The Chartered Institute of Building (2020) highlighted that along with significant expansions 

in the global market, there is growing pressure on the global construction sector to undergo 

major changes to provide better value for money, implement labour-saving technologies and, 

ultimately, improve productivity. The McKinsey Global Institute (2017) stated that the 

construction industry’s value addition could increase by USD 1.6 trillion annually if the 

productivity deficit was to catch up with that of the total economy. It would, cater for half of 

the world’s annual infrastructure needs or increase the global GDP by 2%. An improvement in 

the construction industry’s performance is essential for overall economic development (Horta 

& Camanho 2014). The industry relies heavily on continuous interactions between all 

stakeholders throughout project lifecycles. The slightest improvement would be substantially 

beneficial to society at large, given the industry’s scale (World Economic Forum 2016).  

2.2.2 Types of construction stakeholders 

Stakeholders are those who can influence the process and/or project outcomes, those whose 

living surroundings are positively or negatively affected by the project, or those who benefit or 

suffer directly or indirectly (Kordi, Belayutham & Che Ibrahim 2021). Particularly, in the 

context of construction, stakeholders can include individuals or groups who are affected by a 

construction project during its life cycle and may also influence its performance. Each 

stakeholder has a vested interest in the project’s outcome, with different expectations and 

perceptions (Bannerman 2008). Stakeholders in the construction industry typically include 

clients, consultants (architects, engineers, and other designers), main contractors, 

subcontractors and material suppliers, among others (Horta & Camanho 2014; Rashvand & 

Majid 2014). Project stakeholders perceive success differently (Al-Ashwal, Fareed & Al-
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Obaidi 2017; Din, Abd-Hamid & Bryde 2011). Therefore, the construction industry is 

challenged in terms of satisfying all participants in ensuring improved project delivery and 

sustainability (Nzekwe-Excel et al. 2010). As Tripathi and Jha (2018) stated, each stakeholder 

has a different perception of the success or failure of an outcome. Accordingly, achieving higher 

profits for an organisation may be interpreted as success by one stakeholder, while others may 

judge the success of a project based on customer satisfaction. According to Rashvand and Majid 

(2014), performance measurement at the stakeholder level is done in two separate ways: by 

measuring the overall project and stakeholders’ individual performance, or by monitoring the 

project’s progress. Davis (2014) concluded that the 21st-century industry is expected to be more 

stakeholder- and success-focused. Furthermore, mutual stakeholder satisfaction has been 

regarded as an essential indicator of project success (Oppong, Chan & Dansoh 2017). 

2.2.3 Selection of contractors 

Selecting contractors is pivotal in project success, as it is the interface that enables decision-

making about the most competent contractor who satisfies the project objectives in the best way 

(Alhumaidi 2015; El-Abbasy et al. 2013; Kog & Yaman 2014; Martin & Ramjarrie 2021; 

Reenu, Kumar & Babu 2017). Such selection of qualified contractors improves the client’s 

confidence in obtaining the desired outcomes (Kasabreh & Tarawneh 2019). It can be the most 

important strategic decision a client makes, as it will have a long-lasting effect, not only during 

construction but also when the built asset is used (Marović, Perić & Hanak 2021). Chen et al. 

(2021) described the undesirable outcomes of selecting the wrong contractors in terms of time 

and cost overruns, substandard construction quality, and serious disputes with the client. 

Contractor selection is a multi-criteria decision making (MCDM) problem that attempts to 

assess contractors’ capability based on price, past performance and performance potential 

(Singh & Tiong 2005). According to Holt, Olomolaiye and Harris (1994), a contractor selection 

technique is effective if the candidate contractors’ performance can be evaluated. In light of 

this, Sullivan and Savicky (2010, p. 21) stated that “Past performance information is a critical 

component for vendor evaluation, particularly for accountability, as current performance is 

always used to update and modify existing records of past performance”. Given the significance 

of selecting the best-performing contractors, it is evident that a proper system is required to 

accurately rate their levels of performance. 
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 The concept of performance measurement  

Performance measurement has always been an integral part of management (Bassioni, Price & 

Hassan 2004). In any industry, monitoring and measuring performance is given prominence 

and is intended to understand the current status compared to the expectation. As performance 

is relative and assessed in comparison to previously observed best practice, it is important to 

measure it in order to improve it (Langston 2014; Lee, Thomas & Tucker 2005; Robinson et al. 

2005). Along with all efforts to improve the construction industry’s performance, it is critical 

to have appropriate and meaningful measures that enable a gauging process (Chartered Institute 

of Building 2020). The logic behind performance standards and measures was highlighted by 

Edwards Deming, who stressed the importance of performance measurement by stating, “Train 

people to measure things and they will keep pushing their own standards higher to beat 

themselves” (Sands 2010). As such, from the employee level up to the organisational level, 

performance measurement is carried out to help reach profitability targets and maintain 

competitive advantage through informed decisions (Amaratunga & Baldry 2002).  

2.3.1 Challenges in measuring construction performance  

The complexity of global business environments and the challenging nature of markets have 

created a need for performance measurement (Bassioni, Price & Hassan 2004; Lop et al. 2018; 

Yang et al. 2010). Performance measurement in the construction industry is critical, especially 

considering its global economic impact (Demirkesen & Ozorhon 2017). However, the uniquely 

complex nature of the construction industry, coupled with its wide range of stakeholders (as 

discussed in Sections 2.2.1, 2.2.2 and 2.2.3), makes its performance measurement distinctly 

different to those of other industries. Traditionally, the construction industry is measurement-

resistant (Chandler et al. 2019). Kashiwagi et al. (2017) and Ahmad et al. (2016) added that the 

performance measurement tools developed for manufacturing sectors have low adaptability to 

the construction industry due to its unique characteristics. According to Cha and Kim (2011), 

since construction is characterised as being project-specific, its scope of performance has not 

been clearly defined and standard methodologies have not been fully developed. As such, the 

industry has always struggled in terms of performance measurement (Nasir et al. 2012). 

However, if feedback loops were to be implemented properly based on lessons learned from 

both good and bad outcomes, the construction industry would be able to improve its 

performance (Chartered Institute of Building 2020). 
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2.3.2 Systems of measuring performance in construction 

Lop et al. (2018) defined performance measurement systems as the processes used to gauge the 

effectiveness and efficiency of actions conducted in line with an organisation's core business, 

goals and objectives. Systems for measuring performance have evolved from accounting-based 

methods to a mixed range of performance statistics in which various traits are individually 

assessed (Tennant & Langford 2008). As Cox, Issa and Ahrens (2003) stated, current 

performance is generally measured against historical data. The required data typically exist in 

fragmented forms and require considerable time to collect. Therefore, the construction industry 

requires systems that can capture project-based and fragmented performance information 

(Kärnä & Junnonen 2016). However, given the diversity of construction processes, this is 

challenging as it requires appropriate and contemporary data in an objective format to be 

obtained from a wide range of constructed asset types, locations, times and regulatory 

environments (Langston 2014). They also added that the advancements in this field are 

hampered by low data quality and availability owing to commercial confidentiality. 

Specifically, as Nasir et al. (2012) reported, the contractor community is cautious in declaring 

information about their productivity and performance, which hinders the effective 

implementation of performance measurement. Hence, performance measurement systems that 

ensure confidentiality are needed in the industry. 

Performance measurement in the construction industry has been approached from several 

aspects. While clients need means of evaluating contractor performance, contractors need tools 

to drive their own performance improvement (Park, Thomas & Tucker 2005). As the perception 

of project performance rapidly changes, the best-performing organisations have taken the lead 

by measuring the performance of their projects (Toor & Ogunlana 2010). Kagioglou, Cooper 

and Aouad (2001) discussed performance measurement in the construction industry via two 

approaches: a) the product as a facility (i.e. performance of the constructed asset to be a success 

or a failure) or b) the product as a process. The authors highlighted that the most commonly 

used method is to focus on the product as a facility. Alternatively, Cha and Kim (2011) 

distinguished macro and micro levels of performance measurement. Macro-level measurements 

focus on the organisation and help decide future business strategies. Conversely, micro-level 

performance measurement focuses on project-level achievements. Further, Robinson et al. 

(2005) classified performance assessment techniques into less rigorous, opinion-based, 

qualitative approaches and highly rigorous, quantitative, evidence-based approaches. 
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Various methodologies have been practised for measuring performance in the construction 

industry. Horta and Camanho (2014); (Lop et al. 2018); Tsolas (2011) listed the most frequently 

used performance measurement systems as follows. 

 European Foundation for Quality Management (EFQM) Excellence Model 

 Malcolm Baldrige National Quality Award (MBNQA) Model  

 Strategic Measurement Analysis and Reporting Technique (SMART) Performance 

Pyramid 

 Balanced Score Card (BSC) 

 Performance Measurement Process Framework (PMPF) 

 Performance Prism (PP) 

Further, Cha and Kim (2011) stated that two of the most widely known project performance 

management systems are the ‘Benchmarking Metrics’ of the Construction Industry Institute 

(CII) of the USA and the Key Performance Indicators (KPIs) of the UK’s Constructing 

Excellence programme. These systems define the factors that affect performance, develop 

indicators to assess these factors, and establish ways to continuously improve performance. The 

general concepts of benchmarking and KPIs are discussed in Sections 2.3.3 and 2.8, 

respectively. 

2.3.3 Benchmarking 

A benchmark is a reference point for good practice or performance. Benchmarking is the 

systematic process of measuring and comparing performance against that of peers (Costa et al. 

2006; Kärnä & Junnonen 2016; Takim & Akintoye 2002). It is a process of identifying the value 

of metrics against which the process measurements are to be compared (Fisher & Miertschin 

1995). Benchmarking is a demonstrated tool for assisting the procurement of the best 

construction service provider (Rigby et al. 2014). Egan (1998) and Lee, Thomas and Tucker 

(2005) stated that benchmarking helps to improve the general performance of an industry. 

Benchmarking promotes a quantitative measurement culture in the construction industry (Jin et 

al. 2013) and adds value to performance measurement. Results are compared with benchmark 

data, which informs decision-making (Beatham et al. 2004). As an indicator of performance 

standards (Cheung, Suen & Cheung 2004), benchmarking has become the next step in 

improving contractor efficiency and the effectiveness of products and processes (Luu, Kim & 

Huynh 2008). A survey by Hwang, Tan and Sathish (2013) on benchmarking identified its 

benefits as: learning from the best, knowledge and expertise sharing, promoting positive 
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competition, motivating staff, and increasing innovation. Markovic, Dutina and Kovacevic 

(2011) described three types of benchmarking: process, performance and strategic:  

 Process benchmarking – This requires identification of the most effective work practices 

in companies with similar operating functions (e.g., high-performing contractors). When a 

basic process is improved, it improves overall performance by increasing productivity, 

lowering production costs and improving sales. Improvements in financial gains within a 

short period can be reflected by the benchmarking process. 

 Performance benchmarking – This looks at product output and enables managers to 

evaluate their competitive position by comparing technical quality and price factors, among 

others. 

 Strategic benchmarking – This focuses on long-term success and adopts strategies 

accordingly. 

The above classification can be summarised as benchmarking of the process, the output and the 

strategy, which covers the main aspects of construction. The scope of benchmarking can be 

further considered as internal (comparison of performance between departments) and external 

(between organisations; (Takim & Akintoye 2002). Costa et al. (2006) opined that the set of 

measures used for benchmarking must be simple and properly designed to facilitate 

improvement initiatives, and comprise leading and lagging indicators. Leading indicators offer 

an opportunity to change, and are meant to provide early warning, identify potential issues and 

highlight the need for further action (Yeung et al. 2013). These are indicators that can predict 

the future performance of an activity, allowing for organisational changes to be made. However, 

lagging indicators are more likely to dominate benchmarking systems due to the high 

availability of recorded data. 

With standardised and uniform measurement methods, benchmarking can be performed 

effectively and efficiently (Hwang, Tan & Sathish 2013). ‘Benchmarking and metrics’ is one 

of the most widely known performance management systems. It was introduced by the CII of 

the USA and provides tools so that its member organisations can self-evaluate project 

performance and best practices (Construction Industry Institute 2020). It collects project data 

as an ongoing process through its website and allows users to obtain real-time assessment of 

their performance. Cha and Kim (2011) summarised the benchmarking metrics of the CII as 

per Table 2.1. 
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Table 2.1 - Benchmarking metrics of the Construction Industry Institute  

Category Performance Data 

Budgeted and actual project costs Budget, contingency, actual cost, field rework 

Planned and actual project schedule Baseline schedule, actual schedule 

Facility capacity Product quality, functionality, project quality 

Project outcomes Cost expectations, schedule expectations, safety 

expectations, business objectives, quality goals, project 

teamwork, team communications 

Work hours and accident data Recordable incident cases 

Project impact factors Weather, climate, availability of skilled labour, material 

availability/cost, site conditions, project complexity, 

regulatory requirements, project team expertise, project team 

communication, core project team turnover, use of offshore 

engineering, use of multiple design offices, material or 

labour cost escalation, construction productivity 
 

Source: Construction Industry Institute (2020)  

Several limitations can be identified in the CII benchmarking and metrics system. A high 

reliance on cost-related metrics is apparent. Secondly, a significant portion of the metrics are 

subjective or have limited quantitative value and the data availability is a concern considering 

the level of record-keeping practised. The KPI system of the UK’s Constructing Excellence 

program is similar to the CII’s benchmarking system and is discussed in Section 2.8.1. 

 Outcomes of performance 

Success and performance are two aspects that are interrelated. Cooke-Davies (2002) 

distinguished between the two, stating that success cannot be measured until after a project is 

completed, while performance can be measured during the life of a project. In fact, if success 

is considered to be an end result, failure too can be considered as the other possible outcome, 

as its counterpart. Therefore, based on the definition given by Cooke-Davies (2002), this study 

defines success and failure as the two possible outcomes of performance, and describes them 

in Sections 2.4.1and 2.4.2. 

2.4.1 Success 

Performance measurement is the basis for determining success (De Wit 1988). The meaning of 

success varies depending on the project type, size, complexity and stakeholders involved (Chan 

& Chan 2004; Frodell, Josephson & Lindahl 2008). Given the positive association between the 

construction industry and economic growth, the success of construction projects is a top priority 
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in any country (Negash & Hassan 2020). In the competitive market, achieving constant project 

success is crucial to sustaining growth and development (Al-Ashwal, Fareed & Al-Obaidi 

2017). Bannerman (2008) opined that the abstract nature of the concept of project success, along 

with the involvement of many stakeholders with various objectives, have caused a general 

disparity in the definition and measurement of success in the construction industry. Defining 

the success and failure processes within a project will help to ensure that success is repeated 

and failure is avoided (Almahmoud, Doloi & Panuwatwanich 2012). Hence, it is important to 

quantify the concept of success in a scientific manner (Lam, Chan & Chan 2008). Accordingly, 

several definitions and explanations of success are summarised in Table 2.2. 

 

Table 2.2 - Definitions and explanations of success 

Definition /explanation of success Sources 

Success is the degree to which project goals and expectations are met for 

a given project participant. Hence, a single list of definitions would not be 

comprehensive enough to define success. 

Sanvido et al. (1992)  

Lam, Chan and Chan 

(2007)  

Success should be viewed from the different perspectives of individuals 

and in terms of goals related to a variety of elements, including technical, 

financial, educational, social, and professional issues. 

Elattar (2009)  

Conventionally, if time, cost and quality are achieved within a narrow 

range of tolerance, then a project is deemed a success. It is perceptual and 

perceptions vary with the stakeholders and the passage of time since 

project completion. 

Bannerman (2008)  

Projects are formed to accomplish objectives, and success is measured in 

terms of how well these objectives are met. 

Takim and Adnan 

(2008)  

A construction project is commonly acknowledged as successful when it 

is completed on time, within budget, as per specifications, and to the 

client’s satisfaction.  

Project success is measured against the overall objectives of the project, 

while project management success is measured against cost, time and 

quality.  

Nguyen and Ogunlana 

(2004)  

A project is considered an overall success if it meets the technical 

performance specifications and there is a high level of satisfaction in the 

project outcome among the key stakeholders. 

De Wit (1988) 

In the construction industry, time, cost and quality have long been defined 

as the basic criteria and factors for measuring success. 

Ramlee et al. (2016) 

Takim, Akintoye and 

Kelly (2004)  

Project success is a multidimensional concept and many factors are 

identified that go beyond the traditional ‘iron triangle’ criteria. 

Silvius and Schipper 

(2015)  

Perception of success is time-dependent and varies based on the project 

phase or the time since project completion. 

Williams, T (2016)  

Success has both hard and soft dimensions. Hard dimensions are 

measurable, objective and tangible, while soft dimensions are subjective, 

subtle and difficult to measure. 

Baccarini (1999)  
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According to Baccarini (1999), a product (end result of a project) can end up in failure despite 

being successful in terms of project management, and vice versa. However, project 

management success influences product success, since successful project management 

identifies and resolves problems, thereby leading to product success. While product success is 

more important than project management success, Cooke-Davies (2002) opined that delivering 

project success (which, in fact, meant ‘product success’ as per the author’s definition) is 

necessarily more difficult than delivering project management success, as it involves second-

order control. Aldhaheri, Bakchan and Sandhu (2018) confirmed this notion, stating that 

successful project performance can only be achieved when the long-term objectives are met. 

The critical success factor, ‘project mission’, of Pinto and Prescott (1988), can be equated to 

‘product success’. The authors stated that the project objectives must always be kept at the 

forefront, irrespective of the phase of the project life cycle, in order to achieve project success. 

In a similar manner to Baccarini (1999), De Wit (1988) distinguished project success in terms 

of low-level and high-level objectives. Lower level objectives (time, cost and quality) become 

subordinate to higher-level objectives (e.g., profitability). Accordingly, higher-level objectives 

can be equated to product success, whereas lower-level objectives can be equated to project 

management success. Therefore, this explains why some projects are perceived as successful 

when they meet the higher-level objectives even though they are disastrous in terms of project 

management (De Wit 1988). Al-Tmeemy, Abdul-Rahman and Harun (2011) extended the 

project success variants of Baccarini (1999) by adding ‘market success’, which included market 

share, reputation, competitive advantage, revenue and profit, with a focus on long-term 

organisational success. 

While project management success can be measured within a short time period, product success 

can take years to measure properly after a project has been completed. Figure 2.2 illustrates the 

explanation of Baccarini (1999) of how success varies based on the period measured. 

   

 

 

 

 

 

 

Commencement Completion End of life 

Project management success Product success 

Figure 2.2 – Time impact on success based on Baccarini (1999)  
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The timeline provides an understanding of the key differences between project management 

success and product success. The timing of performance measurement, therefore, can result in 

differing gauges of success.   

2.4.2 Failure 

According to Khlaifat et al. (2019), a consensus has not been reached in the literature regarding 

the definition of project failure, despite it occurring frequently. Most efforts to increase the 

understanding of the concept of project failure have met challenges, as is the case with project 

success. Projects often fail when they do not meet their intended budget, deadline and scope. 

Project failure occurs mainly as a result of contractors’ inherent deficiencies and inability to 

perform (Valentin & Vorster 2012). Khlaifat et al. (2019) defined project failure as the 

exceeding of budget, schedule and scope and the inability to achieve a projects’ functional 

requirements, as perceived by stakeholders. However, the extent to which each factor is 

underachieved for a project to be declared a failure has not been discussed. 

Elattar (2009) classified failure in terms of technical and procedural failures. Technical causes 

of failure are immediate, actual and physical. Improper construction activities that lead to 

failure of that portion of the built asset may be included in this category. On the other hand, 

procedural causes are related to human errors, which could include communication issues, 

design errors, or construction issues that ultimately lead to physical failures (Elattar 2009). 

Based on Gamil and Abdul Rahman (2020); Khlaifat et al. (2019); Navandar, Bari and Gaikwad 

(2021), and Hwang, Tan and Sathish (2013) et al., the major factors in project failure are as 

listed below: 

 Financial difficulties 

 Issues in material procurement 

 Issues in technical performance 

 Inflation and price fluctuation 

 Poor construction management 

 Unplanned expansion of project size 

 Long implementation phases 

 Sluggish planning 

 Lack of business experience/managerial experience  

 Change orders/frequent changes of design 

 Continuous suspension of work 

 Ineffective communication 

 Payment delays 
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 Poor workmanship 

 Lack of commitment 

 Low profit margin 

 Lack of coordination 

 Accidents arising from the lack of adequate safety consideration at worksites 

These causes of project failure are, in fact, correlated to performance measures. For example, 

financial performance can indicate whether a contractor is having financial difficulties, which 

is a key cause of failure. Exploring the concepts of success and failure in the light of 

performance has revealed that they are at opposite ends of a continuum. Ultimately, the result 

will be closer to one of these outcomes.    

 Dimensions of performance 

Section 2.4 explored how performance is used to predict the end result being success or failure. 

However, the question remains as to what is looked at when predicting performance. According 

to Neely, Gregory and Platts (1995) and Lop et al. (2018), overall performance measurement is 

defined as a process of quantifying efficiency and effectiveness. To improve overall 

performance, efficiency should be promoted at the project level and effectiveness should be 

increased at the organisational management level (Hu & Liu 2018). It, in fact, discusses how 

performance is viewed from different aspects. Hence, for the purpose of this study, efficiency 

and effectiveness are considered to be ‘dimensions of performance’.  

Belout (1998) stated that performance measurement is the process of quantifying the efficiency 

and effectiveness of an action. Müller and Jugdev (2012) were of the view that a clear 

connection between efficiency and effectiveness has to be made in order for project 

management to have strategic value. The basic definitions and characteristics of efficiency and 

effectiveness are compared in Table 2.3. 

Table 2.3 - Efficiency vs effectiveness 

Efficiency Effectiveness Source 

Related to project outputs Related to project outcomes Takim, Akintoye and 

Kelly (2004); 

Shenhar et al. (2001)  

Capability of doing things right Capability of doing the right thing Hu and Liu (2016)  

Emphasis on internal issues Emphasis on both internal and 

external issues 

Sundqvist, Backlund and 

Chronéer (2014)  
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2.5.1 Efficiency 

Efficiency refers to doing things right—where a task is performed in the most suitable way 

given the available resources (Sundqvist, Backlund & Chronéer 2014). Atkinson (1999) and 

Takim and Akintoye (2002) equated efficiency measurement to the measuring of process 

criteria for project management. Efficiency focuses on project-level target achievements (He et 

al. 2021). It is the production of an output in a qualified and competent way in terms of the 

agreed scope, cost and time (Shenhar et al. 2001), where quality is obtained as a by-product 

(Zidane & Olsson 2017). Further, Shenhar et al. (2001) stated that efficiency is the immediate 

dimension that can be used to assess project performance. However, success in this dimension 

only indicates a project was well managed and makes no specific forecast of product success in 

the long run. Hence, efficiency-related measures relate only to successful project execution, not 

necessarily product success (Shenhar et al. 2001). Based on the various definitions of efficiency, 

for the purposes of this study, efficiency is defined as a measure of the extent to which input is 

properly utilised to achieve an intended output. Therefore, efficiency focuses on project 

success. Expected construction project outcomes in terms of efficiency, as identified by He et 

al. (2021) and Takim, Akintoye and Kelly (2004), include the following: 

 Excellent quality of workmanship and material used 

 Resolution of conflicts/absence of legal claims 

 Meeting regulations or specifications 

 Meeting health, safety and environmental goals 

 Integration of process improvement programmes and policies 

 Efficient resources management 

 Accomplishing project objectives   

In a study on efficiency measures of construction project success in Malaysia, Takim, Akintoye 

and Kelly (2004) found that with regard to efficiency measures, the government and consultant 

sectors focus on high project quality and rapid approval and decision-making processes, whilst 

private clients and contractors place more emphasis on budget and productivity issues. This 

indicates that efficiency measures are also reliant on the respective stakeholders and their own 

objectives. To achieve the highest degree of efficiency, the process should be free from defects 

and have a low unit cost, short cycle time and no waste (Sundqvist, Backlund & Chronéer 2014; 

Zidane & Olsson 2017). According to Dzeng and Wu (2013), due to the unique and risky nature 

of construction projects, measuring efficiency is not as simple as measuring input and output in 

the manufacturing or service industries. It requires data related to a variety of resources, such 
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as manpower and materials, which are difficult to acquire and are often too inconsistent for 

analytical purposes. Therefore, it is important to identify efficiency-related measures that are 

accessible and consistently recorded. 

2.5.2 Effectiveness 

Effectiveness is an external type of measurement that mainly looks at how the objectives and 

priorities of customers or project owners were accomplished in terms of how well the project 

was implemented. It is focused on how the construction process contributes to increasing value 

for the owners and users (Alarcon & Ashley 1996; Zidane & Olsson 2017). In evaluating project 

success, the attention has now shifted from efficiency towards effectiveness (Zidane & Olsson 

2017). Sundqvist, Backlund and Chronéer (2014) stated that effectiveness refers to selecting 

and focusing on producing an output that has a demand. Therefore, it is about attaining the 

business and project objectives through the outcomes (Aldhaheri, Bakchan & Sandhu 2018; 

Takim, Akintoye & Kelly 2004). Based on its various definitions, for the purposes of this study, 

effectiveness is defined as the extent to which a desired output is achieved. Accordingly, it 

focuses on product success.  

Measuring effectiveness is a key component in the process of measuring the success of any 

system (Atkinson 1999). However, measures of effectiveness are not as tangible as those of 

efficiency and take longer to determine (Müller & Jugdev 2012). Leksic (2018) was of the view 

that it is necessary to define the precise metrics of effectiveness in terms of people, machinery 

and production. Apanaviciene and Juodis (2006b) opined that effectiveness should be viewed 

from the respective perspectives of all project participants, whose goals vary based on technical, 

financial, social and professional issues. Accordingly, the expected project outcomes in terms 

of effectiveness are client satisfaction, accomplishment of corporate missions and core business 

needs, meeting of stakeholders’ needs and expectations, and systematic implementation of 

operational assurance programmes (Takim, Akintoye & Kelly 2004).  The authors expanded on 

stakeholder perceptions of effectiveness, stating that the government and consultant sectors 

focus more on project functionality and operational programmes, while private clients and 

contractors stress the achievement of project objectives and high profit margins. Takim and 

Adnan (2008) summarised ten effectiveness measures: client satisfaction on service, user 

satisfaction with product, project effectiveness, project functionality, freedom from defects, 

value for money, profitability, absence of any legal claims and proceedings, learning and 
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exploitation, and generation of positive reputation. As such, the literature indicates that 

effectiveness-related measures are likely to be subjective and hard to quantify. 

 Measures of performance 

As discussed in Section 2.5, performance is mainly viewed from the two dimensions of 

efficiency and effectiveness. Takim, Akintoye and Kelly (2004) proposed efficiency 

performance as a measure of the efficiency of processes in terms of strategic planning, 

management and the use of resources that relate to project outputs. Similarly, effectiveness 

performance is about measuring a project’s results in terms of whether the project accomplished 

the core business objectives, project objectives and user satisfaction that relate to project 

outcomes. Accordingly, all these measures fall into the two categories of efficiency and 

effectiveness. Based on this, the term measures of performance (MoP) is defined as all those 

measures that can be utilised to measure performance in terms of the dimensions of efficiency 

and effectiveness. Since a wide variety of MoPs are available, for ease of handling and clarity, 

they are explored in the following sections in terms of success criteria, critical success factors, 

key performance indicators, and contractor prequalification and selection criteria. 

 Success criteria and success factors 

Success is a multidimensional construct. The concept of success has been explored in various 

forms, with common references to factors and criteria. Therefore, it is important to clearly 

distinguish between the different terms associated with success.  

2.7.1 Success criteria 

Success criteria are the measures of success or failure judgment (Al-Ashwal, Fareed & Al-

Obaidi 2017; Cooke-Davies 2002; Nguyen & Ogunlana 2004). Chan and Chan (2004, p. 204) 

defined success criteria as ‘the set of principles or standards by which favourable outcomes can 

be completed within a set specification’. They bring the intangible idea of success into the 

tangible realm (Ahmad, Ajibade & Stephan 2021). The criteria include indexes and sub-indexes 

of project success that focus on the standards of judging project success (Nguyen & Chovichien 

2013). Han et al. (2012) highlighted that success criteria act as the foundation for project 

success. Williams, T (2016) categorised success criteria in terms of end-product quality, 

stakeholder satisfaction, the delivery of objectives, and project management success. Silvius 

and Schipper (2015) explored success criteria in terms of project execution and control, 
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achievement of project deliverables, fitness for purpose, realisation of business objectives, 

stakeholder satisfaction, and organisational preparation for the future. Sanvido et al. (1992) 

expanded on stakeholder perspectives by distinguishing between the success criteria of owners, 

designers and contractors, as listed in Table 2.4.  

Table 2.4- Success criteria based on stakeholder perspectives  

Success criteria for owners Success criteria for designers Success criteria for contractors 

 On budget 

 Function for intended use  

 End result as envisioned 

 Quality  

 Aesthetically pleasing 

 Return on investment 

 Building must be marketable  

 Minimal aggravation in 

producing a building 

 Satisfied client  

 Quality architectural product 

 Met design fee and profit goal  

 Professional staff fulfilment 

 Met project budget and 

schedule 

 Marketable product/process  

 Minimal construction problems  

 No liability or claims  

 Socially accepted  

 Client pays 

 Well-defined scope of work  

 Profit 

 Under budget  

 Quality specification met or 

exceeded 

 No claims  

 Safety 

 Expectations of all parties clearly 

defined 

 Client satisfaction  

 Good subcontractor buy-out 

 Good direct communication  

 Minimal or no surprises during 

the project  

Source: Sanvido et al. (1992) 

According to the classification given in Table 2.4, success criteria can have similar but slightly 

different expectations between stakeholders. For example, completing a project ‘on budget’ is 

a success criterion for the owner, while doing so ‘under budget’ is a success criterion for the 

contractor. Further, the list of success criteria suggests that they refer to measures of past 

performance, or are retrospective. Based on the definitions provided by previous researchers, 

for the purposes of this research, success criteria can be defined as the things that need to be 

achieved in order for a project to be considered successful.  

2.7.2 Success factors 

Success factors refer to inputs that drive a project to success (Cooke-Davies 2002) or the inputs 

to the management system that lead directly or indirectly to the success of a project (Nguyen & 

Ogunlana 2004). Similarly, Ahmad, Ajibade and Stephan (2021); Haponava and Al‐Jibouri 

(2010) and Han et al. (2012) stated that success factors influence, constitute and determine the 

success of a project. For example, having adequate labour resources can be considered as a 

success factor, as it can ensure the smooth flow of construction activities, leading towards 

timely completion of a project. As such, success factors can be defined as all the factors that 
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potentially improve performance and lead to project success. Nguyen and Ogunlana (2004) 

identified the following limitations in project success factors: 

 Success factors that are too general or too specific cause difficulty in application 

 The levels of detail depend on the levels in the management hierarchy 

 A set of success factors may not be transferrable to another project 

The relationship between success factors, performance and success was clearly illustrated by 

Takim and Akintoye (2002), as shown in Figure 2.3. Accordingly, success factors affect the 

performance of a project, where performance predicts ultimate success. Here, the concept of 

success is expressed in terms of efficiency and effectiveness (as elaborated in Section 2.5).  

 

 

Figure 2.3- Relationship between success factors, performance and project success (Takim & Akintoye 2002, 

p.551) 

Wateridge (1998) asserted that success criteria and success factors cannot be discussed in 

isolation as they complement each other. Accordingly, success criteria have to be identified and 

agreed upon prior to deciding on which success factors are necessary to deliver success. Müller 

and Jugdev (2012) and Hjelmbrekke, Hansen and Lohne (2015) distinguished between project 

success factors and project success criteria, as per Table 2.5. This comparison affirms the notion 
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that there is a chronological order between success factors and success criteria, which is similar 

to the illustration given in Figure 2.3. 

Table 2.5 - Success factors vs success criteria  

Project success factors Project success criteria 

 Elements of a project which, when influenced, 

increase the likelihood of success 

 The independent variables that make success 

more likely  

 An early strategy leading towards success 

 Measures used to judge the success or 

failure of a project 

 Dependant variables that measure success 

 A later strategy of assessing success 

 

Sources: Hjelmbrekke, Hansen and Lohne (2015); Müller and Jugdev (2012) 

In order to compare and contrast the criteria and factors, Lim and Mohamed (1999) proposed 

the pictorial representation shown in Figure 2.4. According to the authors, success criteria are 

the conditions on which judgements can be made, whereas success factors are the set of 

circumstances, facts or influences that help to achieve project outcomes. Hence, success factors 

contribute to the success of a project but do not form the basis of judgement.  

 

Figure 2.4 - Criteria and factors as applied to project success (Lim & Mohamed, 1999, p. 244) 

The discussion on success criteria and success factors reveals that measures related to both 

aspects are used when assessing success. With regard to success factors, the literature more 

commonly refers to ‘critical success factors’, which are explored next. 

2.7.3 Critical success factors  

As defined by Bullen and Rockart (1981, p. 7), critical success factors (CSFs) are the “limited 

number of areas in which satisfactory results will ensure successful competitive performance 

for the individual, department or organisation”. Similarly, Mbugua et al. (1999) defined CSFs 
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as the few issues fundamental to the achievement of a particular strategic objective. These 

factors predict project success (Sanvido et al. 1992). Mathar et al. (2020) categorised CSFs for 

large building projects under eight categories: project characteristics, contractual arrangements 

and administration, project participants, interactive processes and communication, financial 

attributes, management and technical attributes, experience and resource attributes, and risk 

attributes. Pinto and Prescott (1990) classified CSFs under two sub-groups: those related to 

initial project planning and those concerned with subsequent tactical operationalisation. 

Altarawneh and Samadi (2019) grouped CSFs under five categories: human-related, 

procurement-related, project management-related, project characteristics-related, and project 

environmental-related. Chen et al. (2012) categorised CSFs as participant-related, project-

related, and environment-related, as they represent the three aspects of the subject, object, and 

environment of a project, respectively. These are sub-categorised as the owner’s ability, 

owner’s expectations, project characteristics, project delivery characteristics, economic 

environment, and political environment under each main category. Elwakil (2017) categorised 

CSFs broadly under four main categories: administrative and legal, technical, management, and 

market and finance. Another classification was based on project management-related, client-

related, design team-related, contractor-related and business and work environment-related 

factors (Jin et al. 2012). Irrespective of the differing classifications, it is clear that CSFs are a 

set of more focused success factors. Based on the various definitions and examples, for the 

purposes of this research, CSFs can be defined as the limited set of success factors with the 

greatest impact on project performance and which lead towards success. 

2.7.4 Comprehensive literature search on critical success factors  

In order to identify CSFs related to construction performance, a comprehensive literature search 

was conducted through Scopus, one of the largest databases of peer-reviewed literature. Details 

of the search process are described in Section 4.8.2. The keywords “critical success factors”, 

“CSF” and “construction” were used to search for relevant high ranking journals. The initial 

search resulted in 81 journal articles using this filter set. After reading through the abstracts, 27 

journal articles were selected as relevant to CSFs. After reviewing the selected articles, 19 were 

identified as highly relevant and their corresponding CSFs were tabulated in Table 2.6 based 

on the categorisation process explained in Section 4.8.2.  
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 Key performance indicators  

Performance indicators are quantitative measures of business objectives (Fukushima & Peirce 

2011), which are used as tools within performance measurement systems for assessing the 

performance of various processes (Ahmad et al. 2016). Egan (1998) opined that the construction 

industry should set clear and measurable objectives while setting quantifiable targets and 

performance indicators. According to Hwang, Tan and Sathish (2013), performance indicators 

are used to assess current actual progress compared to the targeted progress, in order to 

minimise any gaps. Developed as a generic model within the construction industry (Yang et al. 

2010), key performance indicators (KPIs) is a collective term for performance measures 

(Beatham et al. 2004) that are critical to achieving success. The best performance achieved in 

practice is set as the benchmark (Takim & Akintoye 2002). KPIs are considered to reflect the 

quality of outputs or outcomes related to the main objectives of a project (He et al. 2021). As 

described by Beatham et al. (2004), a KPI is indicative of predictable performance. Table 2.8 

summarises several definitions and explanations of KPIs from the literature.  

Table 2.8 – Explanations of key performance indicators (KPIs) from the literature 

Definition/explanation of KPI Source 

KPIs are performance standards that focus on factors critical to the success of 

an organization or project 

(Kärnä & 

Junnonen 2016)  

KPIs are a set of business-focused performance measures that can be 

benchmarked against the industry at large  

Print and Young 

(2004)  

To measure the performance of companies and apply a benchmarking 

approach, one must first establish the KPIs that are most critical in determining 

overall company success  

Ali, Al-Sulaihi 

and Al-Gahtani 

(2013)  

KPIs are explicit performance measures that have mainly been used to 

benchmark construction projects against each other and to indicate whether 

improvements are being made  

Haponava and 

Al‐Jibouri (2010)  

KPI systems enable data collection and real-time analysis to depict 

performance levels 

Horta and 

Camanho (2014)  
 

A clear description of KPIs was presented by McCabe (2001), who compared KPIs with CSFs: 

CSFs are statements that focus on the aims that must be achieved to ensure mission success, 

while KPIs are measures that provide targets against which progress towards CSFs can be 

evaluated. This comparison has similarities to the relationship between success criteria and 

success factors described in Section 2.7.2. Based on the definitions given by previous 

researchers, in this study, KPIs are defined as the measures used to compare performance 

against set standards throughout a project.  
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2.8.1 Key performance indicator initiative in the UK 

In the wake of reports by Latham (1994) and Egan (1998), the Construction Industry Best 

Practice Programme (CBPP) was developed to achieve greater efficiencies through improved 

knowledge and business practices in the UK construction industry. CBPP launched KPIs with 

the intention of using them as benchmarking indicators for the whole industry (Kagioglou, 

Cooper & Aouad 2001). This programme is currently handled by Constructing Excellence, an 

initiative formed through the merging of several bodies, including the CBPP. Nudurupati, 

Arshad and Turner (2007) distinguished the CBPP’s three types of KPIs as follows; 

 ‘Headline KPIs’ measure the overall status of a construction business 

 ‘Operational KPIs’ measure specific activities, enabling management to identify and 

focus on specific areas of improvement 

 ‘Diagnostic KPIs’ provide information on why certain changes may have occurred in 

the headline or operational KPIs, and are used to analyse areas of improvement 

Based on The KPI Team (2018), the KPIs of the Constructing Excellence initiative can be 

classified as shown in Table 2.9. 

Table 2.9 - KPIs of the Constructing Excellence initiative  

Category KPI 

Economic  Client satisfaction (produce, service, value 

for money) 

 Contractor satisfaction (overall 

performance, provision of information, 

payment) 

 Predictability of cost (project, design, 

construction) 

 Predictability of timeline (project, 

design, construction) 

 Profitability (return on sales, 

value added per employee) 

 Defects 

Respect for 

people 

 Staff turnover 

 Sickness absence 

 Safety  

 Working hours 

 Qualifications and skills 

 Training 

 Investors in people 

 Staff loss 

 Makeup of staff (women, age 

categories, disabled people) 

Environment  Energy use 

 Mains water use 

 Waste 

 Commercial vehicle movements 

Source: The KPI Team (2018) 

Similar to the ‘Benchmarking and metrics’ system of the CII in the USA (Section 2.3.3), the 

KPI initiative has established measures that have been accepted and used throughout the UK 

construction industry, leading to a rich database of performance information.   
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The KPIs are classified based on various aspects. Takim and Akintoye (2002) categorised KPIs 

in terms of results-oriented thinking and process-oriented thinking. Accordingly, cost, time, 

defects, client satisfaction, profitability and productivity promote results-oriented thinking, 

while safety and the predictability of design and construction costs and times promote process-

oriented thinking. The study by Sarhan and Fox (2013) revealed that most construction-sector 

professionals rely heavily on results-oriented KPIs as opposed to process-oriented ones. Kärnä 

and Junnonen (2016) distinguished KPIs based on their measurability, where objective KPIs 

are called ‘hard’ measures, while subjective ones are called ‘soft’ measures. According to the 

classification by Chan and Chan (2004), objective KPIs include measures such as time, speed 

of construction, time variation, unit cost, cost variation, net present value, accident rate and 

environment impact assessment score. Conversely, subjective KPIs comprise quality and 

functionality, and the satisfaction of the end-user, client, design and construction teams. 

However, Toor and Ogunlana (2010) criticised the generalised classification of KPIs as ‘fairly 

impractical’, since each project has certain unique features and limitations.   

If suitable incentives are used, KPIs can help improve the profitability of an organisation as 

well as help to win new work by demonstrating benchmarked performance on a wide range of 

criteria (Print & Young 2004). Further, KPIs can lead to efficiency improvements, and 

satisfactory KPI performance can provide evidence regarding award of repeat businesses. 

Hence, it is apparent that the proper use of KPIs is crucial for contractors aiming to sustain their 

client base and expand their business.  

2.8.2 Comprehensive literature search on KPIs 

In order to identify KPIs related to construction, a comprehensive literature search was 

conducted, similar to those of Sections 2.7.4 and 2.7.5, and using the method explained in 

Section 4.8.2. The keywords “key performance indicators”, “KPI” and “construction” were 

used. The initial search found 43 journal articles using the filter set. After reading the abstracts, 

29 journal articles were selected as relevant in terms of construction KPIs. After reviewing the 

selected articles, 15 were identified as highly relevant and the corresponding KPIs were sorted 

and categorised as tabulated in Table 2.10. 
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 Contractor prequalification and selection criteria 

Contractor is the key stakeholder that creates the constructed asset. Therefore, selecting well-

performing contractors is crucial to overall performance (Yu et al. 2020). Since a construction 

process is purchased before the final product is actually manufactured, most common methods 

of pre-purchase product appraisal are inapplicable (Holt, Olomolaiye & Harris 1994). 

Prequalification is a process performed prior to bidding where the capabilities of the prospective 

bidders are assessed to predict their likelihood of satisfactory project execution (Hatush & 

Skitmore 1997b). As such, predicting contractor performance has become imperative. It would 

be ideal to have an accurate and objective selection approach where early warnings can be given 

to the client (Wong 2004). Further, due to increases in project complexity, uncertainty, client 

expectations and competition, multi-criteria approaches to contractor selection that place an 

emphasis on performance prediction are useful. Therefore, contractor prequalification and 

selection criteria can be collectively defined as measures for predicting the capability of 

prospective contractors to successfully execute a project. 

Contractor prequalification and selection have been criticised in various respects. Watt, Kayis 

and Willey (2010) opined that previous studies have mostly relied on surveys in which 

respondents rank the importance of a set of criteria. This, they argued, does not replicate an 

actual tendering situation or associated decision-making process. Alhumaidi (2015)  argued that 

determining a common scale that can evaluate different contractor-selection criteria is difficult, 

subjective and vague. Prequalification often involves evaluating criteria based on qualitative, 

subjective and inaccurate measures (Russell 1992). Despite these limitations, the use of 

contractor prequalification and selection criteria throughout the industry suggests that some 

relevant performance measures are embedded in them that are worthy of exploring.   

2.9.1 Comprehensive literature search on contractor prequalification and selection 

criteria 

Similar to the processes described in Sections 2.7.4, 2.7.5 and 2.8.2, a comprehensive literature 

search on contractor prequalification and selection criteria was performed, as described in 

Section 4.8.2. The keywords “contractor selection”, “prequalification criteria”, “contractor 

evaluation”, “pre-qualification” and “construction” were used. The initial search found 113 

journal articles and, after reading their abstracts, 49 were reviewed, with 29 identified as highly 

relevant. The corresponding criteria were sorted and categorised as tabulated in Table 2.11.    
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1. Time performance 15. Plant, equipment & material resources 

strength 2. Cost performance 

3. Quality performance 16. Experience in similar projects 

4. Health and safety performance 17. Stakeholder relationship management 

5. Environmental performance 18. Training and education 

6. Technology and innovation capability 19. Risk management 

7. Level of satisfaction 20. Project manager capability 

8. Scope and expectations achievement 21. Subcontractor/supplier strength 

9. Human resources strength 22. Economic environment 

10. Contractor’s organisational ability 23. Political environment 

11. Communication capability 24. Natural environment  

12. Financial performance 25. Client and consultant capabilities  

13. Productivity achievement 26. Procurement maturity  

14. Project planning performance 27. Project specific characteristics  

  28. Contractual performance 

 

 Relationship between major aspects that impact contractor 

performance   

Literature on measures, dimensions, and outcomes of performance revealed many connections 

among and within each attribute. Measures of performance (MoP) were explored under the 

aspects of success criteria, critical success factors, key performance indicators and contractor 

prequalification and selection criteria in sections 2.7, 2.8 and 2.9, respectively. The dimensions 

of performance, efficiency, and effectiveness were discussed in detail in section 2.5, whereas 

outcomes (success or failure) were discussed in section 2.4.   

The relationships between different types of MoPs were apparent. For example, success criteria 

are the conditions considering which judgement can be made, whereas success factors are the 

set of circumstances, facts, or influences that help to achieve project outcomes. Hence, success 

factors contribute to the success of a project but do not form the basis of judgement (Lim & 

Mohamed 1999). Adopting this approach, the relationship between CSFs and success criteria 

could be established. For instance, at the beginning of a project, CSFs define what needs to be 

done to improve performance, thereby leading to achieving the desired level of success. 

Success criteria define what constitutes success for a particular project, to achieve it in the end 
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by setting objectives at the start of a project. A similar connection exists between CSFs and 

KPIs. According to McCabe (2001), KPIs are used to provide targets against which progress 

towards CSFs can be evaluated. KPIs keep track of the performance throughout the project 

duration, making sure that the set objectives are achieved. Lastly, contractor selection attempts 

to assess contractors’ capabilities based on price, past performance, and the performance 

potential (Singh & Tiong 2005), which coincide with the rest of MoPs. Considering the 

similarities among CSFs, success criteria, KPIs, and contractor prequalification and selection 

criteria, it was logical to pool them together as indicated in Figure 2.5. What lacked in one type 

of MoPs could be compensated from another. For example, despite CSFs having the most 

number of categories (25), success criteria covered other aspects such as ‘level of satisfaction’, 

‘scope and expectations achievement’, and ‘productivity achievement’ within its 12 categories. 

Therefore, it was rational to commence the process of developing the performance model, 

considering all categories of MoPs. 

The next stage was to explore how dimensions of performance are associated with MoPs. Hu 

and Liu (2018) created a performance model to evaluate the Chinese construction industry 

based on the two dimensions of efficiency and effectiveness, measured simultaneously using 

the data envelopment analysis method. Takim, Akintoye and Kelly (2004) adopted a similar 

approach in defining success in terms of efficiency (measuring project outputs) and 

effectiveness (measuring project outcomes). Essentially, the two dimensions of efficiency and 

effectiveness were measured using different types of measures of performance. Underpinned 

by these studies and previously discussed literature, it was deemed relevant to structure the 

conceptual framework to view performance in terms of the two dimensions of efficiency and 

effectiveness. The third and final stage of developing a performance model was to decide on 

the method of obtaining a meaningful result or an outcome. The outcomes of performance were 

identified to be a continuum of success and failure (Cooke-Davies 2002; Khlaifat et al. 2019). 

Therefore, it was conceptualised that success or failure could be predicted through efficiency- 

and effectiveness-related measures via a performance model. As success and failure cannot be 

judged on a binary scale, the outcomes have to be differentiated based on benchmarks. 

Based on the justifications given above, the relationship between the major aspects of 

performance for developing a model to predict the performance of contractors could be 

established. Accordingly, critical success factors, success criteria, key performance indicators, 

and contractor prequalification and selection criteria can collectively measure performance 
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 Summary 

Chapter 2 reviewed the existing literature on performance measurement in the construction 

industry. Initially, a background to the construction industry was provided, followed by 

identification of its stakeholders and the connection between contractor selection and overall 

project performance. The chapter discussed modes of performance measurement used in the 

industry, highlighting various popular methods such as benchmarking and KPI initiative. Then 

the outcomes of performance (success or failure) and the dimensions of performance, 

efficiency and effectiveness were explored in detail. Subsequently, existing literature on 

measures of performance, including critical success factors, success criteria, key performance 

indicators, and contractor prequalification and selection criteria, was reviewed. Comprehensive 

literature searches were conducted to identify these measures of performance (MoPs), which 

were collated into 28 categories. The relationship between the major aspects of performance: 

outcomes, dimensions and measures, was established by a diagram. The next chapter explores 

the categories of MoPs in detail.  
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3 Measures of performance and multi-criteria decision-making 

methods 

 Introduction 

Chapter 2 reviewed the literature related to performance measurement in the construction 

industry. Comprehensive literature searches as described in Sections 2.7.4, 2.7.5, 2.8.2, and 

2.9.1, identified measures of performance (MoP) and classified them into 28 categories. In this 

chapter, price-based and non-price-based measures are defined initially (Section 3.2). Then, 

the 28 categories of MoPs that form these price and non-price measures are discussed 

individually in detail to explain the significance of recognising them as unique categories 

(Sections 3.3.1 to 3.3.28). Possible critical measures identified within each category of MoP 

are also described generally. After describing the MoP categories in detail, the next step was 

to examine the options available for creating a performance model. Literature related to model 

creation is reviewed in Sections 3.4 and 3.5. Finally, in order to specify weightings for the 

MoPs that will be used in the performance model, multi-criteria decision-making methods are 

reviewed (Section 3.6). 

 Price and non-price measures of performance 

Different project objectives, preferences, policies, strategies, market situations and competitive 

environments may require different measures of performance. In terms of organisational 

performance, construction organisations need to consider both financial and non-financial 

aspects in evaluating their own performance and compare them with those of their competitors 

to improve their efficiency and effectiveness (Tripathi & Jha 2018; Yang et al. 2010). The 

MoPs identified in Chapter 2 include both price and non-price measures.  

3.2.1 Price (financial) measures 

Businesses have traditionally measured their performance using financial measures, as such 

data are easy to capture, provide a quantitative output, and can be confidently used in 

benchmarking as they are often externally audited (Beatham et al. 2004). In a study involving 

large construction companies in the UK, financial measures were found to be the most common 

form of performance measurement (Latiffi et al. 2009). Although using cost as a performance 

measure has straightforward applicability, it has disadvantages as well. Financial measures 
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have a backward-looking focus and concentrate mainly on immediate rather than long-term 

goals, which promotes a reactive management style (Ali, Al-Sulaihi & Al-Gahtani 2013; 

Mbugua et al. 1999; Zamim 2021). Nudurupati, Arshad and Turner (2007) stated that financial 

measures only tell the story about the past and are not helpful in improving the value created 

via investment in customers, suppliers, employees and technology. As Chan and Chan (2004) 

opined, project information related to cost is sensitive and confidential, making some 

stakeholders reluctant to disclose it. For these reasons, as construction companies become more 

complex, judgements based purely on financial measures provide limited assessment (Horta, 

Camanho & Lima 2013).   

3.2.2 Non-price (non-financial) measures 

With the significant development of the industry, along with technological advancements and 

increased competencies, measurements based solely on financial metrics are no longer 

sufficient (Zamim 2021). Increased competition and the insufficiency of traditional backward-

looking financial measures have led to increased interest in non-financial performance 

measures (Ali, Al-Sulaihi & Al-Gahtani 2013; Mbugua et al. 1999; Nudurupati, Arshad & 

Turner 2007). According to Bassioni, Price and Hassan (2004) and Mbugua et al. (1999), non-

financial measures promote a proactive management style, which provides better decision-

making ability. The comprehensive literature searches and categorisation of MoPs conducted 

in Chapter 2 revealed that the majority of MoPs are, in fact, non-price based.  

 Categories of measures of performance 

The 28 categories of MoPs comprise all of the measures of performance identified in the 

literature, including success criteria, CSFs, KPIs, and contractor prequalification and selection 

criteria. The following sections explore these categories to provide a context for the associated 

MoPs.  

3.3.1 Time performance 

Time is specified prior to the commencement of construction. It is usually taken as the time 

elapsed between the commencement of site works to the handover of the constructed asset to 

the client (Ali & Rahmat 2010). Ali and Rahmat (2010) further stated that time can be based 

on the client’s brief or derived from the project information by the construction planner. The 

construction period is a key factor related to performance which, along with cost and quality, 
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constitute the ‘iron triangle’ of success (Atkinson 1999). For individual project success as well 

as overall organisational success, managing project schedules is a key metric, as it ensures that 

the client can use the completed facility as planned (Perrenoud & Sullivan 2013).  

On-time completion is one of the main contractual expectations of a construction project. This 

is evident from the high significance given to time-related contractual clauses in construction 

contracts. Despite previous research identifying the influences on time performance, time-

overrun continues to be a key performance issue in construction projects (Lindhard et al. 2020). 

Xiao and Proverbs (2002) opined that contractors, as project implementers, are in a good 

position to ensure construction time and delivery certainty which, in turn, can be used in 

assessing and comparing contractor performance. Conversely, ineffective time management 

leads to delays, loss of revenue and loss of productivity (Perrenoud & Sullivan 2013). Hence, 

time, in terms of underrun or overrun, is a measure of performance (Tabish & Jha 2012). Based 

on these reasons, time performance was identified as a category of MoP.  

3.3.2 Cost performance 

Like time, cost is one of the most basic parameters used for measuring the performance of a 

project. Cost, as the basic financial measure, includes the overall cost that a project incurs from 

inception to completion, and covers the costs arising out of variations and legal claims (Chan 

& Chan 2004). Cost overrun or underrun is a key basis of performance measurement (Tabish 

& Jha 2012). An accurate cost estimate is an important element in the cost control of a project 

and is fundamental to project success (Hoseini et al. 2020). Omar and Fayek (2016) explored 

cost performance-related measures in detail, as presented in Table 3.1. 
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Table 3.1 - Cost performance measures  

Name of measure  Definition 

Project Cost Growth  Variance between actual total project cost and total project estimate 

at the tender stage, expressed as a ratio of the total project estimate 

at tender stage  

Project Budget Factor  Ratio between the actual total project cost and the sum of the total 

project estimate at the tender stage plus approved changes  

Construction Phase Cost 

Growth  

Ratio between the actual construction phase cost and the actual 

total project cost  

Cost Predictability (Design)  Variance between the actual design phase cost at procurement and 

the estimated design phase cost, expressed as a percentage of the 

actual design phase cost  

Cost Predictability 

(Construction)  

Variance between the actual construction phase cost and the 

estimated construction phase cost, expressed as a percentage of the 

actual construction phase cost  

Cost per Unit at Tender  Average cost for the product at tender (e.g., cost per m2 of floor 

space)  

Cost in Use  Annual operation and maintenance cost expressed as a percentage 

of the actual design and construction phase cost  

Source: Omar and Fayek (2016) 

Along with a range of other measures used throughout the industry, cost continues to be one of 

the key aspects of project performance. It plays an important role at the very early stage when 

suitable contractors are selected and remains relevant and carefully monitored through 

completion, handover and occupancy. Therefore, cost performance is a key category used in 

classifying MoPs. 

3.3.3 Quality performance 

Quality is a fundamental need of clients and is a key factor in client satisfaction where the work 

performed must conform to the established specifications (Xiao & Proverbs 2002). Quality 

consciousness is an important attribute in the measurement of the success of an organisation 

(Tripathi & Jha 2018). Hijazi (2021) noted that, comparatively, quality performance in 

construction projects has been given less attention than time and cost aspects. At present, there 

is no objective and recognised method of measuring quality in the construction industry (The 

KPI Working Group 2000). The defining of quality has been hindered by the interrelationships 

between design and the delivery of construction products and services (Yasamis, Arditi & 
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Mohammadi 2002). Various definitions and explanations of quality are summarised in Table 

3.2. 

Table 3.2 - Definitions and explanations of quality 

Definition/explanation of quality Source 

Quality can be defined as conformance to the legal, aesthetic and 

functional requirements of a project, given that the stated requirements 

are adequate. High quality can relate to economics of construction, 

ease of operation, ease of maintenance and energy efficiency. 

Therefore, quality is about meeting the requirements of the designers, 

constructors, regulatory agencies and clients. 

Arditi and Gunaydin 

(1997); Ali and Rahmat 

(2010)  

In construction, quality refers to the capability to establish 

requirements with conformance to standards and can be determined by 

taking clients’ satisfaction into consideration. 

Leong et al. (2014b);  

Tabish and Jha (2012)  

Quality is defined by the customer’s satisfaction with the constructed 

facility, contracting facility and contracting services. 

Yasamis, Arditi and 

Mohammadi (2002);  

Kärnä (2004);  

Omonori and Lawal (2014)  

Quality is judged in the detail of the finishes and workmanship applied. 

There is no convenient unit of measurement for quality; therefore, it 

involves a set of objective and subjective measures. 

Langston (2014)  

 

Quality has been categorised based on various aspects. Figure 3.1 depicts how quality is 

assessed at each level or in process of a construction project based on the explanations of Kärnä 

(2004), Arditi and Gunaydin (1997) and  Yasamis, Arditi and Mohammadi (2002). 

Accordingly, quality can be assessed at different stages of a project based on different 

perspectives. While the overall quality of a constructed asset can be evaluated by the client, its 

technical or product quality can be evaluated in comparison with the specifications and the 

levels achieved. Having a strong quality culture helps a contractor achieve client satisfaction 

and sustain competitive advantage by delivering higher quality services and facilities (Yasamis, 

Arditi & Mohammadi 2002). Compared to quality-controlled processes in manufacturing, the 

production processes of construction projects are generally non-standardised; hence, it is 

difficult to ensure quality (Ali & Rahmat 2010). According to The KPI Working Group (2000), 

an issue of quality can lead to rework, modification or lowering of standards. Correcting quality 

issues causes additional costs as well as inconvenience to end-users (Tripathi & Jha 2018). 
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construction industry was the second-worst of any industry. Therefore, prominence has to be 

placed on occupational health and safety in the construction industry (Lin & Mills 2001). 

Further, safety performance can be considered a primary measure of success (Hughes, Tippett 

& Thomas 2004) and a project is highly unlikely to be declared successful if safe working 

conditions were lacking (Toor & Ogunlana 2010). Based on a study by Ishak and Azizan 

(2018), safety and health awareness is low in the construction industry and there is a strong 

focus on safety performance improvement through benchmarking. It is logical to expect a 

reduction in the frequency and severity of occupational injuries and illnesses if safety is 

improved. Conventionally, on-site physical safety conditions and accident records are assessed 

for safety benchmarking (Fang, Huang & Hinze 2004). 

According to Ali and Rahmat (2010), the main purpose of measuring health and safety 

performance is to monitor the current status of the strategies, processes and activities used in 

mitigating health and safety risks. Safety performance is traditionally measured via injury and 

fatality statistics (Ali & Rahmat 2010; Leong et al. 2014b). Cox, Issa and Ahrens (2003) stated 

that incidence rates and the Experience Modification Rating (EMR) are used to quantify safety. 

All these measurements provide a snapshot of the existing health and safety status of a project, 

as well as insights into how corrective action can be taken if required (Ali & Rahmat 2010). 

Poor health and safety management can result in injuries and fatalities, decrease project 

productivity, and increase costs due to compensation and other hidden associated costs 

(Tripathi & Jha 2018). Given the vast number of measures related to health and safety, it is 

reasonable to identify ‘Health and safety performance’ as a category of MoPs. 

3.3.5 Environmental performance 

As a heavy consumer as well as a polluter, the construction industry has a great obligation to 

have good environmental performance. Constructed objects account for about 25–40% of 

global carbon emissions (World Economic Forum 2016). According to Tam and Lu (2016), it 

is essential to improve the environmental performance of the construction industry. According 

to Alzahrani and Emsley (2013), damage to the environment can hold back economic growth 

and lower the quality of life. In particular, the failure to meet environmental obligations can 

result in time and cost overruns.  

A series of indicators can help the construction organisations to direct their focus and resource 

deployment towards better environmental performance (Tam et al. 2006). However, the 
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(Ding et al. 2016). Adewuyi and Idoro (2017) found that an increased level of material waste 

can increase the magnitude of the cost overrun incurred in a building project. Likewise, a study 

by Alzahrani and Emsley (2013) found that contractors who meet environmental obligations 

and practise proper waste disposal during construction tend to have greater project success.  

The volume of C&D waste logged in various statistical sources is considered as ideal indicators 

for measuring and comparing. ‘Waste removed from site’ is one of the KPIs used in measuring 

performance (The KPI Team 2016). Since direct records of C&D waste amounts are generally 

unavailable at sites, field monitoring is required at times (visual inspection, tape measurement, 

truck load records, documents; (Li et al. 2013). The Waste Generation Rate (WGR) is used as 

a KPI to benchmark construction waste management performance (Lu et al. 2015; Tam & Lu 

2016). Hobbs, Adams and Blackwell (2011) introduced four main KPIs for C&D waste: 

a) Volume of waste/floor area 

b) Volume of waste/project value 

c) Mass of waste/floor area 

d) Mass of waste/project value 

Through KPIs like these, contractors can rate their waste management performance. Based on 

measures discussed, having a separate category of MoPs for ‘Environmental performance’ is 

justifiable. 

3.3.6 Technology and innovation capability 

As indicated by Choi, Jang and Hyun (2010), construction industry firms, as in any other 

industry, need to seek innovations to increase their fitness in the market. Innovation is a value 

addition by the contractor to the construction process that is beyond the agreed contractual 

obligations or specifications (Butcher & Sheehan 2010). Based on the findings of Farmer 

(2016), a lack of research, development and investment in innovation is a key point of failure 

in the construction industry. Therefore, the level of innovation and improvement can be taken 

as a measure of performance.  

Li et al. (2019) stressed that the success of a construction enterprise depends on its innovations 

and adoption of new technologies, which critically influence the dynamics of their external 

environment and market competition. Since the construction industry is highly labour-

intensive, it is known to be poor in innovation compared with other industries, especially in 

developing countries. Yeung, Chan and Chan (2009b) obtained innovation and improvement 
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scores based on a Likert-scale survey, while Yeung, Chan and Chan (2009a) quantified the 

number of innovative initiatives introduced (e.g. new construction techniques, procurement 

approaches) and calculated levels of innovation and improvement based on the cost savings 

they provided. Construction entities must also invest more in intellectual capital that drives 

innovation so they are competitive within the industry (Li et al. 2019). Therefore, considering 

the significance of technology and innovation to overall performance, they should be 

considered as a category of MoPs. 

3.3.7 Level of satisfaction 

Satisfaction is a feeling that results from a process of appraising expectations, outcomes, 

purchase decisions, and the fulfilment of wants and needs (Fecikova 2004). The concept of 

customer satisfaction represents a modern approach to quality in business life and transforms 

all industries from having a production-centralised culture to a customer-oriented one 

(Omonori & Lawal 2014; Yang & Peng 2008). As the main person in any project, the 

customer’s perspective has drawn more attention than those of other stakeholders (Han et al. 

2012). In the construction industry, customer satisfaction has remained an elusive and 

challenging issue (Ali & Rahmat 2010). The level of satisfaction can be high when expectations 

are exceeded or low if the project outcome does not meet the expectations (Nguyen 2019). 

Performance assessment has a great impact on customers who ultimately evaluate how the final 

outcome serves their needs. Therefore, customer satisfaction is among the most important 

dimensions in assessing project success (Davis 2014; Shenhar et al. 2001; Takim & Adnan 

2008). This research adopts the explanation of Egan (1998), where the ‘customer’ refers to 

‘either the client or the consumer’ as, in some cases, these can be the same entity. Accordingly, 

Table 3.3 presents several definitions of customer/client satisfaction in relation to construction 

industry projects. It is evident from the various definitions and explanations that customer 

satisfaction mainly relates to the level to which expectations are achieved or exceeded.  
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Table 3.3 – Definitions of customer/client satisfaction 

Definition  Source 

Customer satisfaction can be determined by the extent to which the 

constructed asset and construction process meet or exceed the customer’s 

expectations.  
 

Omonori and Lawal 

(2014) 

Customer satisfaction is defined as the degrees to which client 

requirements are satisfied and the contractor’s performance is in 

accordance with their contractual duties, obligations and responsibilities. 

Yang and Peng (2008)  

Customers compare the perceived performance of a product with a 

performance standard. They are satisfied when the perceived performance 

is greater than the standard, whereas dissatisfaction occurs when the 

performance falls short of the standard. 
 

Kärnä (2004) 

Good client relationships, and customer and client satisfaction in terms of 

product and services, are needed for long-term survival in the construction 

business. 
 

Tripathi and Jha (2018). 

Customer satisfaction is subjective and, as a consequence, is influenced 

by the individual customer’s requirements.  

The KPI Working 

Group (2000) 

 

In his renowned report, Egan (1998) stated that, as the construction industry follows a project-

based business model, companies do little systematic research of client satisfaction. The 

industry has no objective process for auditing client satisfaction. In particular, according to the 

competitive bidding model, which is mainly based on price criteria, contractors do not have 

enough incentive to exceed customers’ expectations (Kärnä 2004). This is apparent for public 

customers, as contractors can participate in new competitive bidding for each new contract, 

irrespective of their previous successes or failures. However, private customers are usually at 

liberty to drop unsatisfactory contractors from the competition (Kärnä 2004). Customer 

satisfaction is one of the key elements in Total Quality Management (TQM), which focuses on 

overall satisfaction via continuous improvement (Kärnä 2004). Khosravi and Afshari (2011) 

expanded on this, stating that after the introduction of TQM in the 1980s, the concept of project 

success relied highly on the customer’s acceptance. Hence, customers were used as a reference 

for the builders for future work. Customer satisfaction is generally considered to be a 

significant determinant of repeat sales (Egemen & Mohamed 2006; Turkyilmaz et al. 2013). 

Hence, the main benefit of high customer satisfaction for a contractor is the opportunity to 

remain the customer’s partner in future, who will have a greater likelihood to repurchase their 

services.  
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Advancements in project delivery and sustainability can be achieved not only through customer 

satisfaction but also by including all other participants in a construction project (Nzekwe-Excel 

et al. 2010) As Xiaozhong and Haishuang (2009) stated, stakeholder satisfaction is the degree 

of accomplishment after stakeholders compare the outcomes with their expectations, in terms 

of performance. Based on the measures encompassed, it is reasonable to consider that the ‘level 

of satisfaction’ should be a separate category of MoPs.  

3.3.8 Scope and expectations achievement 

Functionality and fitness for purpose comprise the scope and expectations of a construction 

project. Ultimately, it is about fulfilling the client’s expectations with regard to the constructed 

asset. In a study of clients’ needs in the construction process, Kometa, Olomolaiye and Harris 

(1995) found that achieving the intended functionality of the building is the most important 

need. Chan (2001) considered it to be one of the critical measures of success in the post-

construction phase. These authors highlighted the importance of functionality, as there is no 

point in undertaking a project if the intended function cannot be obtained. Functionality is 

closely associated with quality and technical performance and can be measured via a Likert 

scale-based survey (Chan & Chan 2004).  

Songer and Molenaar (1997) defined specifications as the technical guidelines provided to 

contractors by the client (or representatives). For design and construction contracts, in 

particular, the meeting of technical specifications is considered to be a success criterion, which 

is measured in the pre-construction and construction stages. Songer and Molenaar (1997) 

further stressed that both financial and technical specifications should be considered and given 

prominence. Based on these explanations, it is evident that having a separate category of MoPs 

for ‘scope and expectations achievement’ is justifiable. 

3.3.9 Human resources strength 

The findings of the comprehensive literature search, particularly in regards to CSFs and 

contractor prequalification and selection criteria, revealed that human resources-related 

measures are given prominence in assessing performance. Having a capable, competent and 

committed team and adequate labour/trained resources are often referred to. Nguyen and 

Hadikusumo (2018) concluded that human resource competencies directly affect project 

success. The measures identified from the literature include quantitative measures such as 
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absenteeism and worker turnover rate, as well as more subjective measures such as morale, 

motivation and team spirit.  

Worker turnover is another key measure related to human resources strength. In particular, a 

high rate of management-level staff turnover will negatively affect the project team members 

(Parker & Skitmore 2005). It can lead to performance issues that cause disruption and 

compromise the project objectives for some time. Similarly, high absenteeism among workers 

will naturally lead to issues within projects. The adequacy of labour directly affects project 

productivity and is related to on-time completion. Especially in pandemic situations, 

contractors’ ability to maintain an uninterrupted labour supply is crucial. Based on the factors 

discussed, categorising ‘Human resources strength’ as a MoP is justifiable concerning the 

heavy reliance of the construction industry on human resources. 

3.3.10 Contractor’s organisational ability  

This category is used to explore organisational strength, which cannot be measured in other 

ways (e.g. financial status). The measures categorised under ‘Contractor’s organisational 

ability’ mainly include attributes such as reputation and top management support. Reputation 

is a subjective measure that is indicative of good performance. The level of reputation and 

brand name can even be quantitatively measured with a monetary value.  As Alzahrani and 

Emsley (2013) found out, a contractor’s membership of trade or other special associations 

influences their image. Further, support by top management has been identified as a factor 

leading towards project success. A study on public sector projects by Ahmed (2016) concluded 

that top management support has a significant positive impact on project performance. 

Therefore, top management commitment is a key enabler of the effective implementation of 

strategies through the projects. Based on these reasons, it is justifiable to have a separate MoP 

category for contractor organisational abilities. 

3.3.11 Communication capability  

Communication plays a vital role in all stages of a construction project, from design through 

production, organisation and management, according to (Isah, Alhaji & Folaranmi 2019). 

These authors further stated that effective communication within the industry has the potential 

to reduce the inefficiencies of poorly implemented projects. High communication capability is 

required due to the high number of stakeholders involved, the temporary nature of contractual 

setups, and long information flows.   
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Menches and Hanna (2006) used communication between team members as a factor in a 

performance measurement index. Yeung et al. (2013) referred to it as effectiveness of 

communication. Further, according to Lam, Chan and Chan (2008), effective means of 

communication ensure the clear transmission of messages among project participants, thereby 

improving project management effectiveness. The importance of effective and consistent 

communication was further highlighted by the interviews conducted by Butcher and Sheehan 

(2010), where the majority of clients indicated that the ability of the contractor to listen was a 

key measure of performance. As metrics of communication performance, Dawood (2010) 

proposed using the number of meetings per week and the time spent in meetings per week. 

Based on the different measures identified, communication capability can be considered as a 

separate category of MoPs. 

3.3.12 Financial performance  

As identified through the comprehensive literature search, the majority of previous researchers 

have considered assessing organisational financial-performance-related measures when 

selecting a contractor. Since the construction industry is project-based, each project has a 

greater influence on the overall financial performance of the contracting organisation (Kaka & 

Lewis 2003). Conversely, the better financial health of a contractor could indicate that their 

projects have better performance. As the construction industry has the highest insolvency rates 

of any sector in Australia (Coggins, Teng & Rameezdeen 2016), high significance is expected 

to be placed on assessing the financial performance of contractors. As the authors highlighted, 

the industry’s poor characteristics listed below are the reasons why organisational financial 

performance is given high prominence: 

 Pyramidal contracting chains in construction projects 

 Predominance of trade credit throughout the construction industry  

 The unsecured creditor status of building contractors and suppliers for work done 

and/or goods supplied 

 Poor payment practices 

 Underbidding leading to the prevalence of tight, or even zero, profit margins in the 

construction industry 

 Illegal phoenix activity 

 Undercapitalised firms, which are not financially resilient  

 Poor strategic business management skills of many, particularly smaller, contractors.  
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There are many financial measures or indicators used to assess organisational performance. In 

a study on the financial state and performance of construction enterprises, Krivka and Stonkute 

(2015) opined that financial ratios, such as profitability, liquidity, solvency and asset turnover, 

are the most important and convenient measures. Apart from these ratios, other relevant 

financial measures identified from the literature include credit rating/credit history, bonding 

capacity, and cash-flow forecast. Since financial reports are generally analysed at the contractor 

selection stage, obtaining such financial ratios and other measures is quite possible and 

practical. Despite financial and economic measures being lagging indicators (Kagioglou, 

Cooper & Aouad 2001), they are capable of predicting failure. Based on these reasons, 

‘Financial performance’ was used as a category of MoPs.  

3.3.13 Productivity achievement 

Productivity is a fundamental value-adding function (Khlaifat et al. 2019). Its classical 

definition is the ratio between the output of a production process and its corresponding input 

(Abdel-Wahab & Vogl 2011; Cox, Issa & Ahrens 2003). It measures how well resources are 

leveraged to achieve desired outcomes (Durdyev & Mbachu 2011). Often, it is measured in 

terms of labour productivity (Pekuri, Haapasalo & Herrala 2011). The importance of good 

labour productivity was highlighted by Doloi (2008), who stated that an unproductive 

workforce is detrimental to the time management, workmanship, use of materials, safety and 

profitability of a project. Therefore, labour productivity is an important measure of 

performance. An improvement in labour productivity can significantly affect the overall 

productivity of the construction industry, which is highly labour-intensive. Further, contractors 

with higher productivity have a sustainable advantage over their competition (Dixit & Saurabh 

2019). 

Park, Thomas and Tucker (2005) defined a labour productivity metric as the number of actual 

work hours required to perform applicable units of work (i.e. actual work hours/installed 

quantity). Vogl and Abdel-Wahab (2015) proposed two approaches to measuring average 

labour productivity, as given below: 

 Output per worker. This is simple to measure but difficult to compare due to differences 

in the way labour is used across countries 

 Output per hour worked. This adjusts for labour intensity and is the most commonly 

used academic measure of productivity. 
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Odesola (2015) found that construction labour productivity has a positive influence on the 

performance of public building projects in terms of time and cost. Some of the other 

productivity-related measures identified from the literature include the engineering 

productivity factor, efficient use of resources, and lost time accounting. Based on the 

availability of a number of objective measures and considering its impact on overall 

performance, productivity achievement was identified as a category of MoPs. 

3.3.14 Project planning performance 

Project planning is the process of deciding what to do and how to do it before action is required 

(Lines et al. 2015). It is a continuous process throughout a project and is often divided into pre-

contract and post-contract stages (Idoro 2012). Idoro (2012) identified 14 project planning 

indicators divided into three main project delivery stages, as given below.  

 Project conception planning - project brief, feasibility and viability study, project 

lifecycle chart 

 Project design planning - bill of quantities, project specifications, structural, 

architectural, electrical, and mechanical drawings. 

 Contract planning - programme of work, material schedule, labour schedule, plant 

schedule, and cash-flow chart. 

Dawood (2010) identified planning efficiency as a possible measure of planning performance. 

It is focused on the construction phase, where the efficiency of achieving the commencement 

date for each planned activity is measured. Furthermore, planning effectiveness, as identified 

by Ramirez, Alarcon and Knights (2004), compares the numbers of completed and planned 

activities.  

It is evident that project planning is a continuous process that ultimately affects time, cost and 

other performance outputs. Given its different measures and effects, ‘Project planning 

performance’ can be considered as a separate category of MoPs that is important when 

assessing project performance. 

3.3.15 Plant, equipment and material resources strength 

The adequacy of plant, material and equipment has been identified as a common aspect among 

CSFs and contractor prequalification and selection criteria. Equipment availability is given 

prominence above other factors, especially when assessing prospective contractors. The 
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availability of in-house equipment is beneficial to contractors in terms of overall project 

profitability. According to Samee and Pongpeng (2016), contractors invest a significant 

amount of money in equipment to increase their project output.  

In categorising success factors for construction projects, Al-Ashwal, Fareed and Al-Obaidi 

(2017) grouped the availability of materials, plant and equipment together in one category. 

Poor plant and equipment management was found to be a root cause of material supply delays, 

equipment breakdowns, accidents and overall project delays (Randunupura & Hadiwattege 

2013). A study examining the effects of material management issues in construction 

determined the importance of an effective material planning and delivery system in improving 

the time and cost performance of projects (Kar & Jha 2020). As such, having a well-managed 

supply of materials, plant and equipment can be considered crucial to project success. 

Therefore, it is fair to use ‘Plant, equipment & material resources strength’ as a category of 

MoPs.  

3.3.16 Experience in similar projects  

A set of measures that was noted when assessing CSFs and contractor prequalification and 

selection criteria refers to experience in similar projects (sections 3.2.4 and 3.4.1). As Tao and 

Kumaraswamy (2012) stated, one of the important criteria that continues to be referred to in 

research on contractor evaluation is related to experience in similar projects. A survey by Singh 

and Tiong (2006) found that a contractor’s experience in similar projects is one of the most 

important factors in their success. A similar study by Alzahrani and Emsley (2013) suggested 

that experience within the same geographic area is perceived to have a positive impact on 

project performance.  

A high number of past projects indicate that contractors are granted projects based on their 

performance in previous work or their reputation. On the other hand, completion of projects 

ultimately provides contractors with experience and it is safe to assume that they continue to 

improve their capabilities through the lessons learned. Past project experience, in terms of type 

and scale, is often considered as a predictor of a prospective contractor’s future performance. 

Furthermore, failures to complete projects are grouped under this category. Based on the 

prominence given to this factor, it is reasonable to include ‘Experience in similar projects’ as 

a separate category of MoPs in this research. 
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3.3.17 Stakeholder relationship management 

As discussed in Section 2.2.2, construction is intertwined with a large number of stakeholders 

throughout the process. Clients, consultants, contractors, subcontractors, suppliers, certifiers 

and regulators are some of the key parties associated with any construction project. In a study 

of correlations between key stakeholder performance and project success, Wang and Huang 

(2006) found that the client’s support is significantly correlated to overall project success. As 

such, positive relationships among stakeholders can lead to positive outcomes.   

According to Yong and Mustaffa (2012), unresolved conflicts can turn into disputes that 

damage stakeholder relationships, adversely affecting project performance. Ultimately, 

unresolved disputes can lead to litigation, which can be time-consuming and expensive 

(Kometa, Olomolaiye & Harris 1995). Takim and Adnan (2008) asserted that a construction 

project can be considered efficient if disputes are settled prior to escalation to litigation. Hence, 

the level of disputes and claims can be considered as an indicator of performance. As a 

component of stakeholder satisfaction, dispute reduction is about minimising the number of 

disputes occurring during a construction project (Rashvand & Majid 2014). Accordingly, the 

level of disputes and claims can be measured based on the number of previous projects that 

resulted in litigation (Afshar et al. 2017). 

Based on the measures discussed in view of project performance, it is fair to categorise 

stakeholder relationship management as a MoP. 

3.3.18 Training and education 

Training involves the development of work-related skills and knowledge for the purpose of 

systematically improving performance (Tabassi & Bakar 2009). According to Pollitt (2006), 

training also improves health and safety performance and, ultimately, increases overall 

performance. Similarly, Omran (2016) found a significant relationship between training and 

human resource development in construction organisations. Although the comprehensive 

literature searches found comparatively few references to training and education, their 

importance cannot be ignored.  

Education can be related to other aspects of performance. The findings of Li et al. (2019) 

indicate that intellectual capital not only has a direct positive influence on the innovation 

performance of construction enterprises but also an indirect effect via knowledge-sharing. In 
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particular, with rapid advancements in technology, constant upskilling and updating are 

required. This is also related to the continuing professional development and training 

opportunities provided to employees of construction firms. Furthermore, Li et al. (2019) 

highlighted the importance of establishing public patent databases and knowledge databases, 

and of sharing cross-disciplinary knowledge to improve performance and innovation within the 

construction industry. Based on the above, it is reasonable to include ‘Training and education’ 

as a category of MoPs.   

3.3.19 Risk management 

Risk management is a process that helps decision-makers identify, assess and minimise project 

risks. Having a risk-management strategy can improve a project’s success (Rahman & Adnan 

2020). It is equally important to maintain regular risk-management performance measurement. 

Risk identification, a part of the risk-management process, was found to be positively 

correlated with project success (Butt et al. 2021). In a construction project, risk management 

has a direct and positive impact on other areas, such as environmental management and 

financial management (Demirkesen & Ozorhon 2017). Ahmed and Megnounif (2020) 

classified risks in construction in six categories: financial, political, managerial, natural, 

technical and environmental. Health and safety is another major area of performance directly 

associated with risk management, which is discussed separately.  In a study that developed a 

benchmarking model for construction projects in Hong Kong, Yeung et al. (2013) identified 

effectiveness of risk management as one of the leading indicators of performance.  

Cheaitou, Larbi and Al Housani (2018) stressed the importance of considering risk as a main 

contractor selection criterion and highlighted the effect of proper risk management on project 

success. Some of the CSFs related to risk management that were identified in the 

comprehensive literature search were: appropriate risk allocation and sharing, fair assignment 

of liability and risk, having contingency plans, and managing legal and contractual risks. 

Considering the importance of risk management, it was identified as a separate category of the 

MoPs used in this research.  

3.3.20 Project manager capability 

As the project manager is the leader of a construction project, it is important to consider how 

their capabilities affect project performance. In particular, the contractor’s project manager is 

the representative and central commander of a project, so their competency and authority affect 
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overall project performance (Dainty, Cheng & Moore 2004). As explained by Almahmoud, 

Doloi and Panuwatwanich (2012), the project manager has the key role in identifying the roots 

of any undesirable outcomes when projects are not performing as desired. Yong and Mustaffa 

(2013) added that project managers must be competent in responding to different situations and 

avoiding ambiguities throughout the project period. 

The capabilities of project managers have been evaluated in various studies. Jolly et al. (2016) 

assessed management capabilities via key aspects such as competencies, cooperation and 

commitment. Moradi, Kähkönen and Aaltonen (2020) identified ten critical competencies of 

project managers that affect overall project performance: group capabilities, trustworthiness, 

leveraging diversity, leadership, responsibility, relationship building, stress tolerance, language 

proficiency, achievement orientation, and flexibility. The level of authority and experience are 

some other project managerial traits identified in the literature. Based on these measures, it is 

suitable to give prominence to ‘Project manager capability’ when categorising MoPs.  

3.3.21 Subcontractor and supplier strength 

A contractor usually has to employ several subcontractors for a construction project, as well as 

rely on several suppliers for labour, materials and plant. Often, nominated and domestic 

subcontractors, along with material suppliers, are all grouped together and referred to as 

suppliers. They are the ones who carry out the actual construction work and complete projects 

by supplying services and materials (Li et al. 2017). Therefore, the selection of high-

performing suppliers is vital to project success. The performance of suppliers is typically 

evaluated using criteria such as on-time delivery, being within budget, and conforming to 

specifications (Li et al. 2017). It is important to assess supplier reliability in order to measure 

their performance. Kayhan, Cebi and Kahraman (2019) identified seven factors to assess the 

reliability of suppliers, as listed below: 

1. On-time delivery of materials 

2. Ability to provide expected quantity 

3. Ability to provide expected quality 

4. Ability to respond in a timely manner to changing customer requirements 

5. Experience in the business sector  

6. Sustainability of the proposed services/products  

7. Consistency of the prices offered 
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According to Wu et al. (2017), the low management competency of subcontractors and 

suppliers’ incompetency in delivering materials on time were identified as risks related to 

subcontractors/suppliers. They grouped these as one of the six major risk factors in construction 

project success. Considering its overall significance to project performance, ‘subcontractor and 

supplier strength’ was categorised as a group of MoPs for this research.  

3.3.22 Economic environment 

The stability of economic conditions is one of the most common CSFs mentioned by 

researchers. It implies that the prevailing economic conditions have a significant connection to 

project performance. With regard to the client, stable economic conditions and inflation rates, 

and economic policy that is friendly to investors, are likely to increase the potential for 

construction project success (Yong & Mustaffa 2012). Such conditions, therefore, increase the 

demand for construction and provide more opportunities for contractors. Particularly, 

economic conditions play a significant role in winning contracts and helping contractors during 

construction (Sweis et al. 2014). 

Inflation and price fluctuations are some of the measures identified for the economic 

environment. While these measures are not within the control of contractors per se, the 

contractors’ ability to take precautions can be assessed. For example, a good contractor studies 

existing economic trends and predicts the future when pricing their tenders. This enables 

greater price certainty, thereby reducing losses and claims during construction. Therefore, 

given the connection between construction project performance and economic conditions, it is 

justifiable to create a category of MoPs covering the ‘Economic environment’. 

3.3.23 Political environment 

Like stable economic conditions, stable political conditions are another significant CSF 

identified from the literature review. According to Iyer and Jha (2006), the political 

environment is an external factor to be considered in relation to construction project success. 

In particular, changes in government and policy can affect public sector project pipelines. 

Along with its direct connection to economic conditions, the political environment can affect 

construction project performance.  

For international construction projects, Chang et al. (2018) identified several political risk 

factors, such as the ones listed below: 
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 Socio-political stability: Government unity, factional conflicts, religious and ethnic 

tensions 

 Legal and regulatory: Poor enforcement mechanisms, policy uncertainty, unfairness of 

judicial process, price controls, speediness of judicial process 

Even within a country, the factors highlighted by Chang et al. (2018) are valid, considering 

their overall effect on construction activities. For example, changes in government within a 

country can affect the continuation of some public projects, while regulatory changes can 

significantly affect contractors, especially those who are less prepared. Therefore, identifying 

measures related to the political environment is reasonable when assessing MoPs. 

3.3.24 Natural environment 

Construction projects are exposed to the weather, making them susceptible to the effects of 

undesirable natural events. As Polat, Eray and Bingol (2017) stated, in contrast to a factory, a 

construction site is open and attached to the environment, which makes it vulnerable to soil, 

geographic, wind, seismic and weather conditions. The effects of these natural conditions are 

unpredictable and hard or impossible to prevent (Akanni, Oke & Akpomiemie 2015). With 

natural disasters, the resulting direct and indirect damage and overall effect on construction 

projects can even lead to complete abandonment. Contractors’ readiness and management of 

contingencies significantly reflect their ability to cope with such situations. Considering the 

overall influence of the natural environment on construction project success, it is justifiable to 

include it in a separate category of MoPs.  

3.3.25 Client and consultant capabilities 

Clients, as project owners, and consultants, as their representatives, can have significant 

influences on the performance of a construction project. As Soetanto, Proverbs and Holt (2002) 

stated, client-related factors significantly affect contractor performance in executing a project. 

Kometa, Olomolaiye and Harris (1995) stressed that the construction industry should 

encourage clients to be more actively involved in construction processes. According to 

Hatmoko and Khasani (2016), the client’s understanding of project requirements, their 

managerial and decision-making skills, and their overall attitude towards and support of 

contractors are indicators of client performance. In particular, the client’s technical 

understanding and flexibility enable smooth working relationships between the contractor and 

other stakeholders, which will reduce the possibility of disputes. Kometa, Olomolaiye and 
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Harris (1995) highlighted this fact, stating that poor client performance can cause a project to 

be unsuccessful. Manley (2006) stated that if clients improve their capabilities, especially 

repeat clients with major construction portfolios, performance will follow suit. 

Chen et al. (2012) highlighted ‘consultant’s abilities’ by listing this factor under ‘client’s 

abilities’. Consultants, as advisors to the client, have to be competent and capable to cater for 

the project requirements. Any knowledge mismatch between the consultant and contractor 

could adversely affect overall project success. Based on these reasons, it is reasonable to have 

a category of MoPs covering ‘Client and consultant capabilities’. 

3.3.26 Procurement maturity 

Procurement plays a key role in construction, as it is the process that brings together the parties 

and material resources. It can include the procurement of the contractor as well as internal 

procurement for suppliers. As traditional procurement processes tend to result in adversarial 

relationships among the parties to a contract, their improvement is vital (Eriksson & 

Westerberg 2011). A mature procurement process, therefore, enables the selection of proper 

contractors and suppliers, and maintains smooth relationships between parties.  

Eriksson and Westerberg (2011) classified procurement methods based on procedures related 

to competition, coopetition and cooperation, where tendering, bid evaluation, subcontractor 

selection, and payment processes vary accordingly. Procurement methods that are more 

cooperative-oriented enable better relationships among stakeholders, leading to successful 

outcomes. Procurement maturity-related measures may consider the transparency of the 

procurement method and the adequacy of the project design and specifications at tender, 

especially for traditional procurement routes. The maturity of procurement, in terms of 

technology adoption, is another facet to consider. For example, the adoption of e-tendering 

provides many time- and cost-savings, reduced paperwork, and improved security and 

transparency (Wimalasena & Gunatilake 2018). Since the importance of procurement maturity 

is apparent, the related measures were grouped into a category called ‘procurement maturity’ 

for this research. 

3.3.27 Project-specific characteristics 

Construction projects can have special characteristics that make it easier for contractors to 

work. For example, the project size, complexity, location, scope, objectives and appeal are 
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some of the characteristics that can affect the success of the outcome (Lam, Chan & Chan 

2004). For example, a contractor may bid for a landmark or famous construction project based 

on its appeal and reputation, despite it providing low profit. On the other hand, the issues of 

complexity or location can result in less successful construction outcomes, especially in terms 

of project management success. Therefore, these factors could either support or challenge 

contractors. Therefore, measures related to the inherent characteristics of projects were grouped 

as ‘Project-specific characteristics’ for this research.      

3.3.28 Contractual performance 

In construction, a contract is mainly referred to as a legally binding agreement between the 

main two parties in a project: the client and contractor. As there are various forms and types of 

contractual arrangements used when procuring construction, project success may vary. Lu and 

Yan (2016) identified contractual controls such as having a standard form of contract, having 

standard terms related to claims, and having clauses related to disputes. Yong and Mustaffa 

(2013) also highlighted the importance of having a clearly written contract with proper legal 

and contractual risk management. Contract administration has been highlighted as a key 

requisite for a successful contract since contracts are not self-enforcing (Gunduz & Elsherbeny 

2020). These authors further emphasised the importance of monitoring and controlling contract 

implementation, ensuring compliance, reducing disputes, managing changes, and resolving 

discrepancies or inconsistencies within contractual clauses.  

Poor contractual performance can, ultimately, lead to legal battles if disputes cannot be 

resolved via alternative resolution methods. Such poor contractual performance among 

relevant parties can ultimately be detrimental to overall project success. Considering these 

reasons, a separate category of MoPs encompassing ‘Contractual performance’ was deemed 

necessary. 

 Creating a model to predict performance 

Once the MoPs were grouped into 28 categories (Section 2.10), the next step in this research 

was to explore the options for creating a model of project performance based on these MoPs. 

The MoPs needed to be connected together in a meaningful way in order to predict 

performance. It was vital that model creation aspects were explored prior to establishing the 

research methodology, which is in line with the second research objective (Section 1.3). 

Accordingly, the subsequent sections discuss conceptual model creation (Section 3.5) and 
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multi-criteria decision-making (MCDM) methods (Section 3.6) as means of calculating 

weights. The relevant literature was reviewed by comparing available methods and their 

applications, merits and demerits. 

 Conceptual model creation 

A conceptual model is the synthesis of a system or framework that explains the interactions 

between inputs and outputs. As such, a conceptual model provides the basis on which the 

contractors’ performance model is developed. It is the abstract level of a simulation study and 

comprises objectives, inputs, outputs and model content (Robinson 2011). Such models can be 

conceptualised in different ways based on different conditions and assumptions. 

Performance is usually represented via a model in the form of an index (Heravi & Ilbeigi 2012). 

According to Menches and Hanna (2006), index construction requires decisions to be made 

about which variables are used and how they are combined. To mitigate subjectivity in 

selecting the most vital KPIs for measuring performance, and due to the lack of scientific and 

objective methods related to performance indices used in previous studies, Yeung, Chan and 

Chan (2009a) proposed the use of quantitative indicators. Furthermore, the authors justified the 

use of a linear additive model for creating a performance index. Similarly, Nassar and 

AbouRizk (2014) asserted that mutual preferential independence has been established in most 

performance index-based situations. Taking the same assumptions, variables of performance, 

along with their respective weights, can be added together to achieve a performance index. At 

any given time, the summation of the weights are considered to be unity (Nassar & AbouRizk 

2014). Therefore, the conceptual Performance Index of the research can be presented as a linear 

additive model in the following format:  

PI =  ∑ 𝑤𝑛
𝑖=1 i × Mi   (Equation 1) 

 

 

Where PI = Performance Index, Wi = weight of measure i, Mi = index for measure of 

performance i 

The adoption of Equation 1 requires calculation of the weights of the top categories of MoPs. 

Weights are calculated based on the preference given to each category of MoP along with the 

CMoPs identified. As these CMoPs (which represent each category of MoP) may represent 

completely different attributes, a proper method must be adopted to calculate their weights. 

Since the CMoPs are, in fact, multiple criteria, the decisions regarding the importance of each 
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criterion are complex and must be done in a systematic manner. To do so, MCDM methods 

were explored. 

 Multi-criteria decision-making methods 

Multiple criteria decision analysis, commonly known as multi-criteria decision-making 

(MCDM) is the collective name for formal approaches to decision making based on multiple 

criteria that are performed in a systematic and structured manner (Németh et al. 2019). MCDM 

methods emerged due to a requirement for mechanisms capable of tackling the complex 

scenarios associated with construction processes and tasks (Jato-Espino et al. 2014). They aid 

decision making in the presence of multiple and conflicting criteria. According to Baizyldayeva 

et al. (2013), MCDM problems have common characteristics:  

 Inclusion of multiple criteria as objectives or attributes. 

 The criteria conflict with each other 

 Differing units of measurement prevent comparisons 

The characteristics highlighted above are valid for the conceptual model proposed in Equation 

1. The equation includes several criteria of performance that are unique to each other and 

measured using different units, which make them incomparable. Therefore, MCDM methods 

were explored in detail. Table 3.4 summarises MCDM methods that are commonly applied to 

construction-related activities, based on a literature review.  

Table 3.4 - MCDM methods used in construction 

Abbreviation Technique Description 

AHP Analytic hierarchy 

process 

A structured technique for analysing MCDM problems 

according to a pairwise comparison scale. 
 

ANN Artificial neural network A computational mechanism that mimics a neural 

structure to recognize patterns and predict results. 
 

ANP Analytic network process Generalisation of the AHP method, which enables the 

existence of interdependences among criteria. 
 

CBR Case-based reasoning A method that retrieves cases similar to a problem 

from an existing database of cases, and proposes a 

solution based on the most similar cases. 
 

COPRAS Complex proportional 

assessment 

Stepwise method that ranks a set of alternatives 

according to their significance and utility degree. 
 

DEA Data envelopment 

analysis 

A method used to find the efficiency of combinations 

of multiple inputs and outputs of a problem.  
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Abbreviation Technique Description 

DRSA Dominance-based rough 

set approach 

Derivation of rough set theory which allows defining a 

MCDM problem through a series of inference rules of 

the type “if… then”. 
 

ELECTRE Elimination et choix 

traduisant la realité 

Group of techniques addressed to outrank a set of 

alternatives by determining their concordance and 

discordance indexes. 
 

FST Fuzzy set theory Extension of the traditional concept of crisp sets, 

which states that the belongingness of an element to a 

set may vary within the interval. 
 

GST Grey system theory Philosophy of handling data according to the 

information contained in them, from black (no 

information) to white (complete information). 
 

GT Game theory Area of applied mathematics that studies the 

interaction of formalized structures to make strategic 

decisions. 
 

HOQ House of quality House-shaped diagram that transforms user demands 

into quality design criteria through a relationship 

matrix and a correlation matrix. 
 

IFSs Intuitionistic fuzzy sets In addition to the belongingness grade of an element to 

a set proposed by fuzzy sets, IFSs also considers its 

non-belongingness grade (hesitancy). 
 

MAUT Multi-attribute utility 

theory 

Methodology employed to make decisions by 

comparing the utility values of a series of attributes in 

terms of risk and uncertainty. 
 

MAVT Multi-attribute value 

theory 

Compensatory technique that converts the attributes 

forming a MCDM problem into a single value through 

called value functions. 
 

MEW Multiplicative exponential 

weighting 

Aggregative scoring system in which alternatives are 

evaluated by the weighted product of their attributes. 
 

MIVES Modelo integrado de 

valor para evaluaciones 

sostenibles 

Nested methodology that combines two concepts, such 

as MCDA and Value Engineering, to synthesize any 

type of criteria in a value index. 
 

PROMETH

EE 

Preference ranking 

organization method for 

enrichment of evaluations 

Family of outranking methods based on the selection 

of a preference function for each criterion forming a 

MCDM problem. 
 

SAW Simple additive weighting Technique aimed at determining a weighted score for 

each alternative by adding the contributions of each 

attribute multiplied by their weights. 
 

SIR Superiority and inferiority 

ranking 

Method that uses six generalized criteria to establish 

the preferences of a decision maker by determining the 

superiority and inferiority flows. 
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Abbreviation Technique Description 

SMAA Stochastic multi-objective 

acceptability analysis 

Methodology that determines the acceptability index of 

an alternative as the variety of measurements making it 

the preferred one. 
 

SMART Simple multi-attribute 

rating technique 

A simpler form of MAUT that converts importance 

weights into actual numbers. 
 

TOPSIS Technique for order of 

preference by similarity to 

ideal solution 

Technique based on the concept that the best 

alternative to an MCDM problem is that which is 

closest to its ideal solution. 
 

UT Utility theory Method for measuring the degree of desirability 

provided by tangible and/or intangible criteria through 

their utility functions. 
 

UTA Utilités additives Methodology that uses linear programming to optimize 

the use of utility functions to properly reflect the 

preferences of decision makers. 
 

VIKOR Visekriterijumska 

Optimizacija I 

kompromisno resenje 

Method for determining the compromise ranking-list 

of a set of alternatives according to the measure of 

closeness to the ideal solution. 
 

WASPAS Weighted Aggregates 

Sum Product Assessment 

Combination of a weighted sum model and weighted 

product model 

Sources: Aruldoss, Lakshmi and Venkatesan (2013); Chua et al. (1997); Jato-Espino et al. (2014); Tan et al. 

(2021); Velasquez and Hester (2013) 

Jato-Espino et al. (2014) found that experience and speed are two of the most important factors 

when choosing a MCDM method. Further, the use of combined MCDM methods (hybrid 

approaches) has been found to be more effective than single approaches. Accordingly, 

researchers have concluded that AHP is predominantly used in construction-related 

applications, often in combination with other methods. In a similar manner, Kog and Yaman 

(2014) conducted a meta classification and analysis of research related to methods used in 

contractor prequalification and selection between 1999 and 2013. The findings revealed that 

the most commonly used methods included AHP, ANN, FST, multi-attribute analysis, 

statistical methods, and others. However, nearly half of the studies were about hybrid and 

unique methods being introduced. Some examples of hybrid method applications include the 

forecasting of contractor performance using ANNs and genetic algorithms (El-Sawalhi, Eaton 

& Rustom 2008), dynamic prediction of project success using genetic algorithms, fuzzy logic 

and ANNs (Ko & Cheng 2007), developing a customer satisfaction index using structural 

equation modelling and Bayesian neural networks (Turkyilmaz et al. 2013) and organisational 

performance assessment using AHP and multiple linear regression (Elwakil 2017).  
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It is evident that there are many MCDM methods used for solving decision issues within the 

construction management sphere. With their combinations into hybrid methods, the 

possibilities become virtually endless. Hence, the selection of the most suitable approach 

becomes complicated and impractical to analyse. Instead, based on the findings of  Jato-Espino 

et al. (2014) and Kog and Yaman (2014), AHP, ANN, FST and MAUT were explored further, 

as they were identified to be the most commonly used MCDM methods.  

3.6.1 Analytic hierarchy process  

The analytic hierarchy process (AHP) developed by Saaty (1990) uses pairwise comparisons 

to analyse and organise quantifiable and non-quantifiable factors in a scaled and systematic 

manner (Chiang, Yu & Luarn 2017). It is used to break down large, unstructured MCDM 

problems into smaller, more manageable components (El-Abbasy et al. 2013). According to 

Saaty (1990), it is more effective to compare a pair of elements based on a single property, 

without considering the other properties or other elements. AHP consists of three main steps 

(Darko et al. 2018): 

1) Hierarchy formation 

2) Pairwise comparisons 

3) Verification of consistency 

The objective or goal of an AHP process is decomposed into a hierarchy of criteria, where 

alternatives are compared pairwise for each criteria (Figure 3.3). AHP converts these 

comparisons into numerical values. This is considered the most important contribution of the 

AHP technique, compared to other methods (Vargas 2010). AHP relies heavily on the judgment 

of experts to derive priority scales. With respect to a given attribute, pairwise comparisons are 

made using a scale of absolute judgments, which represent the extent to which one element 

dominates another (Saaty 1990). The weights can also be calculated irrespective of having 

several layers of criteria or sub-criteria.  
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Figure 3.3- AHP hierarchy structure example (Vargas, 2010, p.5) 

 

AHP has been commonly in use for many aspects of construction. A meta classification study 

conducted by Kog and Yaman (2014) on contractor selection and prequalification methods 

revealed that AHP is among the top three methods used. AHP was used to calculate the weights 

for each index in a project-success equation created by Heravi and Ilbeigi (2012). Similarly, 

Nassar and Hosny (2013) utilised AHP to compare performance measures in order to predict 

contractor performance.  

The simplicity of steps used, small sample size, high level of consistency, and user-friendliness 

justify the use of AHP. According to Aruldoss, Lakshmi and Venkatesan (2013), AHP methods 

are flexible, intuitive and check for inconsistencies. Further, AHP does not account for the 

subjectivity of decision-makers’ judgments. In addition, this method is not data-intensive and 

can be easily adjusted to fit problems of many sizes (Velasquez & Hester 2013). However, 

according to Saaty (1990), AHP is more suitable for crisp-decision applications than those 

which require both quantitative and qualitative attributes (such as in selecting a contractor). 

Further, AHP may require a greater number of pairwise comparisons and result in rank reversal. 

Based on these limitations, AHP alone is not an ideal solution. 

3.6.2 Artificial neural networks 

Artificial intelligence uses computer-based problem-solving mechanisms that mimic human 

behaviour. Artificial neural networks (ANNs) are such a paradigm, and replicate natural brain 

functions (Ko & Cheng 2007). Developed in the early 1950s, ANNs have gained significant 

attention due to massive improvements in computational hardware during recent years 
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(Apanaviciene & Juodis 2006a). ANNs have been used by researchers to predict the 

performance of construction projects by modelling their metrics (Ling & Liu 2004; Reenu, 

Kumar & Babu 2017) to prequalify contractors (Khosrowshahi 1999), and to predict changes 

in cost flow profiles (Odeyinka, Lowe & Kaka 2013),  among other applications. 

Figure 3.4 shows the general ANN architecture, which has an input layer, a set of hidden layers 

and an output layer (Bre, Gimenez & Fachinotti 2018). In each hidden and output layer, there 

are artificial neurons interconnected via adaptive weights, which are calibrated through a 

training process with input–output data. A neural network performs best when all its inputs and 

outputs vary within the range of 0 to 1, and it needs to be ‘trained’ to find the functional 

relationship between the inputs and outputs (Apanaviciene & Juodis 2006b).  

 

Figure 3.4 - Artificial neural network architecture (Bre, Gimenez & Fachinotti 2018, p.1430) 

 

Due to its ‘black-box’ nature, compared to regression-type models, the ANN approach does 

not require a complete understanding of the complex functional relationships among the 

individual inputs, or of the interrelationships between the individual inputs and outputs (Chua 

et al. 1997). Instead, it is able to learn from a subset of the knowledge domain and acquire a 

pattern of relationships or a mapping between the inputs and the outputs. The ANN model of 

Chua et al. (1997) was found to be capable of forecasting certain project outcomes with a 

reasonable degree of accuracy, even without having complete information. Therefore, ANNs 

are useful in solving data-intensive problems where the rules required to solve them are either 

unknown or hard to define. Instead, ANNs are able to learn by example via iterative training 

processes (Chua et al. 1997).  



82 

 

One of the key requirements in creating a successful ANN is data availability. A large amount 

of training data has to be compiled to result in an effective model (Afshar et al. 2017). This can 

be a major setback when data availability is poor. Furthermore, the advantage of being a black-

box approach can also become a disadvantage when the process cannot interpret the results or 

understand the mathematical behaviour (Alzober & Yaakub 2014). Another shortfall is the 

need to choose the best type of ANN model, which is often done by trial-and-error methods 

that are time-consuming.  

3.6.3 Multi-attribute utility theory  

Multi-attribute Utility Theory (MAUT) is primarily used to solve complex problems that 

require several criteria to be assessed in relation to varying outcomes. Decision-makers assess 

values based on the desirability (or utility) of each possible outcome (El-Sawalhi & El Agha 

2017). Chen, Okudan and Riley (2010) further explained that it is used to rank alternatives or 

make a choice between two or more attributes based on expected utility theory. According to 

expected utility theory, if a suitable utility is assigned to each possible outcome and the 

expected utility of each alternative is calculated, then the option having the highest value can 

be considered as the most preferred outcome (Chen, Okudan & Riley 2010). 

Jansen (2011) listed the typical steps involved in a MAUT process, as given below: 

1. Defining alternatives and value-relevant attributes 

2. Evaluating the alternatives of each attribute separately  

3. Assigning relative weights to the attributes 

4. Aggregating the attribute weights and making single-attribute evaluations of the 

alternatives to obtain an overall evaluation of the alternatives 

5. Perform sensitivity analyses and make recommendations.  

 

Some of the merits of MAUT include the ability to deal with subjective judgment, consider 

uncertainty and risk, interpret results, and understand mathematical behaviours (Alzober & 

Yaakub 2014). However, there are certain limitations to the theory as well. According to 

Ballestero and Romero (1998) and Velasquez and Hester (2013), the main difficulty in using 

MAUT is the high degree of interaction with the decision-maker required, since it involves a 

large number of complex questions. The technique requires the decision-maker to evaluate the 

alternatives for each attribute separately (Jansen 2011). It has been suggested to be suitable for 
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decisional problems with a low number of attributes (two or three). Thus, MAUT may not be 

the ideal method for assigning weights in the current study.   

3.6.4 Fuzzy set theory 

Fuzzy logic systems simulate high-level human decision-making processes, where the 

imprecise modes of reasoning used to make rational decisions are modelled in an imprecise 

and uncertain environment (Ko & Cheng 2007). According to Alhumaidi (2015), fuzzy set 

theory has been used when data is incomplete and imprecise, and uses linguistic terms to model 

vagueness and subjectivity. A fuzzy set is defined mathematically by assigning a value to 

represent a grade to each possible individual (Singh & Tiong 2005). Unlike conventional crisp 

sets theory, where objects are either in or out of a set, FST allows objects to be partially 

included in a set (Plebankiewicz 2009). Accordingly, an individual may belong in a fuzzy set 

to a greater or lesser degree, which is most often represented by a real number ranging between 

zero and one. Singh and Tiong (2005) asserted that a fuzzy decision-making framework can be 

used for complex decision problems, such as contractor selection, by assigning performance 

attributes as fuzzy numbers.   

One of the key advantages of FST identified by Alzober and Yaakub (2014) is the ability to 

quantitatively represent values that are known to be imprecise or immeasurable. Further, FST 

is able to deal with subjective judgment, be applied to non-linear behaviour, and is able to 

interpret results and understand mathematical behaviour (Alzober & Yaakub 2014). In contrast 

to these merits, FST has a few demerits, such as determining fuzzy rules and the distribution 

of membership functions (Velasquez & Hester 2013). FST has been used in several setups 

related to construction. For example, Salah and Moselhi (2015) created a construction 

contingency estimation tool using FST. FST has been widely used in combination with many 

other MCDM methods; for example, a fuzzy-AHP technique for determining KPIs (Sabri & 

Breesam 2018), a fuzzy-TOPSIS method for contractor selection (Tabor 2019) and a neuro-

fuzzy model for time prediction (Vahdani et al. 2016). Considering their merits, it was decided 

to use an FST-based hybrid model for the performance index.  
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 Summary 

The first portion of Chapter 3 included a detailed literature review of price and non-price 

measures of performance used in the construction industry. This was based on the 28 categories 

identified via the comprehensive literatures search described in Chapter 2. It was found that 

there are more non-price measures than price-based ones, and they cover a wide range of 

aspects. The 28 categories of MoPs were discussed in detail to explain the reasons for such 

categorisation. The literature clearly showed that some categories of MoPs (e.g. health and 

safety, quality, environmental performance) comprise a multitude of possible critical measures, 

thereby indicating the need for a rigorous process of shortlisting. 

The second part of the chapter focussed on fulfilling Research Objective 2 of the study: to 

determine suitable methodologies for modelling the measures that predict contractor 

performance. Accordingly, a conceptual model for measuring performance was introduced, 

which is comprised of indices of the shortlisted CMoPs and their corresponding weights. In 

order to calculate the weights, multi-criteria decision-making methods were explored. The 

analytic hierarchy process, artificial neural networks, multi-attribute utility theory and fuzzy 

set theory were identified as possible MCDM approaches. The next chapter presents the overall 

methodology used in this research. 
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4 Research methodology 

 Introduction 

The previous two chapters reviewed literature related to performance measurement in the 

construction industry. They identified the outcomes, dimensions and measures of performance. 

Further, literature related to model creation and multi-criteria decision methods were reviewed 

to establish a foundation for conducting the research. The purpose of this chapter is to present 

the research methodology used to achieve the research aim and objectives identified in Chapter 

1. It explains and justifies the research design of the current study and the rationale of each 

step.   

First, the path chosen to describe the research design is explained in Section 4.2. The research 

design is discussed in detail in the subsequent sections, including the research philosophy 

(Section 4.3), research approach (Section 4.4), choice of methodology (Section 4.5), and 

research strategy (Section 4.6) and time horizon (Section 4.7). The indicative methodology of 

this research (Section 4.8) includes the corresponding data collection techniques and 

procedures. Finally, data analysis (Section 4.9), reliability and validity (Section 4.12) are 

discussed in detail. 

 Research design  

The research design comprises all aspects of the study, from the philosophical worldview that 

backs the inquiry to the details of the data collection and analysis procedures. Crotty (1998) 

identified four main elements to consider in designing a research proposal: epistemology, 

theoretical perspective, methodology and methods. Developing these concepts, Creswell 

(2018) formulated a framework for research, exploring three key elements; philosophical 

worldviews, strategies of inquiry and methods of data collection. Saunders (2019) represented 

the research design in terms of a ‘Research Onion’ where several layers can be used to design 

the research procedures methodically and logically. The six layers of the research onion are: 

philosophy, approach to theory development, methodological choice, strategies, time horizons, 

techniques, and procedures, as shown in Figure 4.1.  
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Depicting the peeling of an onion, each layer has to be peeled away to reach the core (data 

collection and data analysis), hence ensuring a rigorous and methodical way of determining the 

elements of the research design/process. Therefore, this research adopted the ‘Research Onion’ 

as a means of shaping the research design, with the different research elements explored in the 

subsequent sections. 

 Philosophy 

According to Saunders (2019), a research philosophy is a system of assumptions regarding the 

development of knowledge that covers three main areas: reality, human knowledge, and the 

extent and ways that one’s values influence the research. Hence, the research philosophy is 

considered to be the foundation of the methodological choice, research strategy, data collection 

techniques, and data analysis procedures.    

4.3.1 Ontology 

Fellows (2015) stated that ontology is about the assumptions of conceptual reality and 

existence. Ontological assumptions relate to the existing nature of reality, which determines 

Figure 4.1 - The Research Onion (Saunders 2019, p.130) 
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how the researcher views the world and, thereby, influences their choice of research process 

(Crotty 1998; Saunders 2019). Further, ontological assumptions affect the effectiveness of 

capturing the reality that is being researched, as they enable proper research design (Bryman 

2019). Saunders (2019) listed typical questions raised in relation to ontological assumptions, 

such as:  

 What is the nature of reality?  

 What is the world like? 

The nature of reality, in terms of construction performance, is complex and difficult to interpret. 

Performance can have different meanings and can differ based on the nature of the construction 

project being studied. Therefore, ontologically, there can be multiple realities or meanings 

derived when considering this research. 

4.3.2 Epistemology 

Epistemology is the part of research philosophy concerned with the origins, nature, methods 

and limits of human knowledge (Fellows 2015).  Williams, M (2016) added that it is an 

invention of Western philosophy where the nature, scope and justification for human 

knowledge are explored. Crotty (1998) defined epistemology as the theory of knowledge 

embedded in the theoretical perspective and, hence, in the methodology. Compared to 

ontology, which may initially seem to be abstract, epistemology’s relevance is more apparent 

(Saunders 2019). He further added that there are a variety of epistemologies leading to a 

multitude of methods, which can determine the strengths and limitations of research findings. 

Creswell (2018) used the term philosophical worldview in place of epistemology or ontology 

as a general philosophical orientation regarding the world and the nature of the research 

undertaken. Saunders (2019) listed questions related to epistemological assumptions such as: 

 How can we know what we know? 

 What is considered acceptable knowledge? 

 What constitutes good quality data? 

 What kind of contribution to knowledge can be made? 

Construction projects produce extensive data points which can be fuzzy and context-dependent. 

However, converting such data into proper knowledge is difficult and complicated. This 

research is targeted at applying a model to relate various data points, which are simple and 
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easily accessible, such that, collectively, these can indicate the level of performance. Granular-

level data is hard to obtain. Higher-level data can be obtained and can be relatively 

representative of project performance and, therefore, the performance of the whole 

organisation. The contribution to knowledge of this research is the integration of disparate sets 

of data to a single point scale where quick interpretations can be made regarding performance. 

4.3.3 Axiology 

Axiology refers to the role of the researcher’s values and ethics (Saunders 2019). Accordingly, 

the choices made within research, such as giving prominence or more weight to a certain 

method of data collection over another, can be considered as an example of these types of 

assumptions. Hence, axiological assumptions are important to consider as they directly relate 

to the credibility of the research results. The questions related to axiological assumptions 

identified by Saunders (2019) can be listed as: 

 What is the role of values in research?  

 Do we conduct research free from values or bound by values? 

 How should we deal with the values of research participants?  

Experts’ perceptions might be value-driven. However, their value-based judgments are not the 

focus here, rather, their expert opinion, by way of the professional experience they have gained 

from similar projects to determine which performance criteria are more important than others.  

4.3.4 Objectivism and subjectivism 

The philosophical assumptions identified in Sections 4.3.1, 4.3.2 and 4.3.2 are further scattered 

across two extremes. Accordingly, Saunders (2019) distinguished between the three types of 

philosophical assumptions based on their ‘objectivist’ and ‘subjectivist’ extremes. On the other 

hand, Bryman (2019) categorised only the ontological considerations as objectivism and 

constructionism. Objectivism implies that the observer’s role does not affect the existing reality 

(Bryman 2019). Thus, social and physical phenomena tend to be universal and enduring in 

character (Saunders 2019) and objectivism considers that reality is predetermined and rigid. 

Subjectivism (or constructionism), on the other hand, implies that social phenomena are built 

from the perceptions and consequent actions of people (Saunders 2019). According to Bryman 

(2019), social phenomena are produced through social interactions and are constantly being 

revised.  
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This research sits in the middle of the objectivism–subjectivism spectrum. There is objectivism 

coming out of data gathered (for example, data related to lost time injuries, labour productivity 

and waste generation). The use of expert opinions is a subjective approach that generates 

subjective data points. However, it was required to shift more towards the objectivity side of 

the spectrum in order to be able to generalise the findings. Therefore, a Delphi-based recursive 

approach was adopted to achieve consensus among the experts. As such, individual bias and 

subjectivity were eliminated to a great extent, leading towards greater objectivity. 

4.3.5 Research philosophies 

There are several key research philosophies identified by Bryman (2019), Creswell (2018) and 

Saunders (2019): positivism, interpretivism, realism, postmodernism and pragmatism. 

Positivism, in its ontological stance, takes the position that there is one true reality that exists 

objectively and externally (Bryman 2019). Knowledge is gained through quantifiable 

observations that are statistically analysed. Therefore, the epistemological viewpoint of 

positivism is that observable and law-like generalisations are possible (Saunders 2019). 

Further, the researcher has to be detached and maintain an objective stance for value-free 

research. However, Fellows (2015) questioned the feasibility of being absolutely objective, as 

human decision-making is used to decide what is measured, how, by whom and so on.   

Interpretivism, in contrast to positivism (Bryman 2019), takes the stance that truth and reality 

are social constructs derived by observations and perceptions and modified by socialisation 

(Fellows 2015). Compared to positivism, which rigidly separates the researcher from the 

subject, interpretivism integrates human interest with the study. According to Saunders (2019), 

multiple meanings may exist and new understandings may result from value-bound research 

undertaken in this philosophical stance. The main disadvantage of this philosophical standpoint 

is its subjective nature, which creates more room for bias.      

Realism is a philosophical position in the nature of scientific practice (Bryman 2019) where 

reality is objective and exists independently of human thoughts and beliefs, while being 

interpreted through social conditioning (Saunders 2019). In this stance, the researcher is aware 

of and acknowledges the bias caused by their own worldview and tries to be as objective as 

possible to minimise such bias. Realism can be divided into two types: direct and critical. Direct 

realism portrays the world through human senses and leads to believing the world as it is felt. 
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In contrast, critical realists appreciate the importance of not believing everything as it is seen 

or felt (Dudovskiy 2021).    

Postmodernism views reality as complex and observes that some realities are dominated by 

others (Saunders 2019). Accordingly, postmodernists believe in continuous change rather than 

rigidity. In this aspect, what constitutes ‘truth’ and ‘knowledge’ are decided by ideologies or 

views that are dominant over the others (Saunders 2019).   

Pragmatism is a philosophical worldview where knowledge arises out of actions, situations 

and the consequences of ideas or the flux of experiences and practices (Creswell 2018; 

Saunders 2019). This research is value-driven and initiated by the researcher’s doubts and 

beliefs (Saunders 2019). Creswell (2018) explained this further, stating that pragmatist 

researchers decide on what to research and how to do it based on the intended outcomes or the 

way forward. Hence, researchers have the flexibility to choose methods and techniques that are 

best suited to their requirements. According to the pragmatist research philosophy, the research 

question is the most important determinant and allows for a combination of both positivist and 

interpretivist positions (Dudovskiy 2021). 

4.3.6 Philosophical standpoint of this research   

Based on the research philosophies discussed in Section 4.3.5, the relevance of each position 

was compared against the scope of this research. The aim was to develop a model that analyses 

construction contractor performance based on past project performance using price and non-

price measures.  

As explained under the section on ontology, it is difficult to interpret construction performance, 

as it can have different meanings based on the nature of the construction project. This makes it 

harder to have ‘one true reality’, which is one of the ontological stances of positivism. 

However, it was important for the research to maintain an objective stance as much as possible 

to avoid being driven by values. Hence, this research has some characteristics of positivist 

philosophy. As long as the research was not completely separated from the researcher, it could 

lean towards an interpretivist philosophical standpoint. Especially, due to the fuzziness of 

performance-related data, multiple meanings could be derived. Therefore, this research leaned 

towards interpretivism as well. Since realism assumes a completely objective reality that exists 

independently of human thoughts and beliefs, it had little relevance to this research. On the 
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other hand, postmodernism rejects the possibility of objective knowledge. Therefore, 

postmodernist philosophy was also not relevant to this research.  

Based on the objectives of this research, its overall philosophy lies between interpretivism and 

positivism. As Saunders (2019) explained, if a research problem does not clearly fall under one 

philosophical worldview, it is most likely to be based on a pragmatist view. As such, the 

research starts with a problem (unavailability of a method to predict the performance of 

contractors based on past performance) and aims to contribute practical solutions that inform 

future practice. Hence, it is more related to pragmatism, which involves the researcher 

exploring which ways are appropriate to reach the final outcome, often involving multiple 

methods. In addition, easily accessible data points are more pragmatic than granular-level data 

which, although accurate, are difficult to obtain. As such, this research has features of 

pragmatism embedded throughout. 

 Approach to theory development 

Literature on research methodology often uses some terminology interchangeably, leading to 

possible confusion. Research approach is such a term and has been defined by various 

researchers in different ways. Since the current study follows the Research Onion model of 

Saunders (2019), its corresponding definition is used. Any research will involve a theory and 

although it may or may not be definitive in designing the research, it will typically become 

explicit in the end with the presentation of the findings and conclusions. The level of certainty 

of the theory at the commencement of the research (theory testing and theory building) will 

differ between research approaches (Saunders 2019). Saunders (2019) identified three main 

research approaches based on the reasoning: deduction, induction and abduction. Fellows 

(2015) referred to these as forms of inferential reasoning by which people draw conclusions 

from data, while Bryman (2019) named them ‘logics of inquiry’. These three approaches are 

discussed in subsequent sections.   

4.4.1 Deduction 

Bryman (2019) stated that a deductive approach is the most frequent way to link theory and 

research. It involves theory development (deducing a hypothesis), which is subjected to 

rigorous scrutiny (empirically) using a series of propositions (Saunders 2019). Deductive 

inferences necessarily become true, given that the basis on which the inferences were made 

was true; hence, this is known to be a safer route (Fellows 2015). Saunders (2019) and Bryman 
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This research explored different types of MoPs related to construction contractors. The research 

questions were set out to develop a performance model by identifying different measures of 

performance and then exploring their relationships and patterns. Ultimately, this aimed to 

generate a new theory or modify an existing theory. Therefore, it depended on an existing body 

of knowledge (literature on performance measures and performance indices) to formulate the 

initial position on what was to be researched (conceptual performance model based on readily 

available, easy to quantify MoPs that are within the control of the contractor). Thus, some 

elements of the deductive approach were applicable to the first part of the research. 

4.4.2 Induction 

Contrary to deduction, an inductive approach involves generating or building theory (mostly 

in the form of a conceptual framework), starting with data collection and exploration of the 

nature of the problem (Saunders 2019). Bryman (2019) explained that some inductive 

approaches may not necessarily develop theories but, rather, end up with little more than 

empirical generalisations. Inductive researchers tend to use a grounded theory approach to data 

analysis and theory generation (Bryman 2019).   

According to Saunders (2019), an inductive approach has the following characteristics: 

 Known premises are used to create untested conclusions 

 Less structured methodologies can reveal alternative explanations 

 The data collected will be mostly qualitative 

 A smaller sample will be better for dealing in detail with a context 

Based on the above characteristics, the inductive approach leans more towards the interpretivist 

philosophy (Saunders 2019). As Dudovskiy (2021) explained, inductive reasoning gives the 

researcher freedom to alter the direction of the study as it progresses and aims to generate 

meanings from the data collected in order to build a theory. In this research, a small sample of 

experts was deemed suitable to obtain experience-based opinions in order to shortlist the MoPs, 

identify critical measures and assign weights based on importance. Shortlisting a large list of 

categories of MoPs and deciding on critical measures to represent them was not going to be 

straightforward and would require several stages. Therefore, it was important to have a rather 

flexible approach, which would essentially make the research follow an inductive approach to 

a certain extent. 
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4.4.3 Abduction 

Bryman (2019) described abduction as a mode of reasoning that has been developed to 

overcome the limitations of deduction (reliance on a strict logic of theory testing and falsifying 

of hypotheses) and induction (asking questions about the sufficiency of empirical data to 

actually build theories). Abduction commences from an unexpected situation (Fellows 2015) 

or a puzzle (Bryman 2019) and moves back and forth to explore a phenomenon, identify 

patterns, find plausible explanations, and generate a new theory or modify an existing one, by 

effectively shifting between induction and deduction (Saunders 2019).  

An abductive approach involves selecting the best explanation or interpretation of the data, 

which highlights the limitations of computational reasoning and supports the researcher’s 

cognitive reasoning in theory generation (Bryman 2019). The explanation is considered good 

if it is simple and fits well with most of the available knowledge. Ultimately, probable 

conclusions can be reached. According to Saunders (2019), owing to its flexibility, an 

abductive approach can be used by researchers from a wide variety of research philosophies. 

However, it is most likely to be backed by pragmatism, postmodernism or critical realism.  

4.4.4 Research approach of this research 

Identification of inductive, deductive and abductive research qualities helped to set the research 

approach appropriately. As discussed in Sections 4.4.1 and 4.4.2, based on the various stages, 

this research used components of both deductive and inductive reasoning when answering the 

research questions. This back-and-forth movement matches with the abduction approach of 

research, particularly along with that of pragmatism.  

 Methodological choice 

Moving ahead with the ‘Research Onion’ approach, the next step was to decide on the 

methodological choice or mode of inquiry of the research. There are three main methodological 

choices, which can be described as quantitative, qualitative or a mix of both. A simple yet 

narrow distinction between quantitative and qualitative research can be made based on the use 

of numeric or non-numeric data (Saunders 2019). The categorisation of methodological choices 

by Saunders (2019) is presented in Figure 4.3.  
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According to the philosophical standpoint of this research given in Section 4.3.6 (Pragmatism), 

the typical methodological choice depends on the research problem and research question, and 

leads to a range of methods, as identified by Saunders (2019). Hence, both qualitative and 

quantitative methods are possible, leading to a mixed-methods design. The variables of the 

performance model have to be carefully selected based on various aspects, such as their 

measurability and availability and whether they are within the control of the contractor. 

Shortlisting from a large number of categories of MoPs needs to be done in a comprehensive 

and systematic way. Therefore, both quantitative and qualitative methods were used in 

shortlisting and identifying critical MoPs for the refinement of the performance model. In order 

to develop the model as an index, a more quantitative simulation approach was utilised in the 

latter part of the study. Combining both qualitative and quantitative data provides better 

understanding of the problem, as well as strengthening of the findings. Therefore, this study 

utilised a mixed methods research methodology.   

 Research Strategies 

Saunders (2019) defined a research strategy as the researcher’s plan to answer the research 

questions. Denzin and Lincoln (2018) referred to it as the methodological link between the 

philosophical worldview and the relevant choice of methods in data collection and data analysis. 

According to Saunders (2019), the most commonly identified research strategies are those listed 

below: 

 Experiments 

 Surveys 

 Archival and documentary research 

 Case studies 

 Ethnography 

 Action research 

 Grounded theory 

 Narrative inquiry 

The applicability of each research strategy identified above is assessed in Sections 4.6.1 through 

4.6.8. 

4.6.1 Experiment  

An experiment is a mode of research that stems from the natural sciences and is often considered 

to be a superior standard compared to other strategies due to its precision (Saunders 2019). 
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Experiments are typically conducted in a controlled environment to test the relationship 

between a set of variables by changing an independent variable while keeping the others 

constant and examining the resulting effects (Bryman 2019; Creswell 2018; Fellows 2015). 

Fellows (2015) asserted that experiments are more suited to research problems in which the 

variables are known or hypothesised with some level of confidence. This is highly unlikely to 

be applicable to construction management research due to the impossibility of creating 

controlled conditions for an entire sector. Saunders (2019) confirmed this premise, stating that 

open research questions cannot be associated with experimental research designs. Hence, an 

experimental research strategy was considered unsuitable for this study.        

4.6.2 Surveys 

Surveys are mainly associated with the deductive research approach. They are used for 

exploratory and descriptive studies and are relevant to ‘what’, ‘who’, ‘where’, ‘how much’ and 

‘how many’ types of research questions (Saunders 2019). They provide quantitative 

descriptions of trends, attitudes, opinions of a population, and relationships between the 

variables of a population (Creswell 2018). The data collected through surveys can be analysed 

using either descriptive or inferential statistics. Saunders (2019) stated that questionnaires are 

the most common mode of data extraction used in surveys, and allow standardised data to be 

collected from a significant population. Sampling is identified as the most crucial step in 

designing a survey (Bryman 2019), with statistical sampling preferred due to its economy and 

speed (Fellows 2015). However, Fellows (2015) further stated that non-statistical or purposive 

sampling can be adopted with sufficient justification when statistical sampling is impractical.  

Given the nature of the study, where CMoPs were to be identified after shortlisting 28 categories 

of MoPs, a single survey would not have provided consistent and logical results. Further, the 

feedback would have been scarce and incomplete, while the respondents would have answered 

the questionnaires without a way of clarifying any doubts. As there was a limited time period 

for the study, it was impractical to hold more than one round of a survey of such capacity. 

Considering that these limitations outweigh the quantitative advantages of a survey strategy, 

surveys were deemed unsuitable for this study.        

4.6.3 Archival and document research 

According to Saunders (2019), the archival and document research strategy is associated with 

the analysis of administrative records and documents. Similar to the survey strategy, archival 
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and document research is relevant to research questions such as ‘what’, ‘who’, ‘where’, ‘how 

much’ and ‘how many’ (Fellows 2015). Records may comprise text documents such as 

communications (emails, letters, blog posts, etc.), personal records (diaries, notes, etc.), 

organisational documents (administrative records, agendas, minutes, etc.), government records 

(reports, statistics, etc.) and media documents (printed or online articles, etc.). In addition, there 

could be audio and visual documents in various formats. Archival records are not vulnerable to 

reflexivity (being influenced by the researcher or the subject) but need to be handled with care  

(Yin 2016). Since the documents used for archival research have been originally created for 

some other purpose, they are considered secondary data sources (Saunders 2019). In order to 

mitigate possible drawbacks of using archived records (such as restrictions in data), Saunders 

(2019) recommended the combined application of archival research with another form of 

research, such as a case study.  

This research adopted some characteristics of archival and documentary research to obtain 

construction project data. The project data were extracted from relevant organisations’ 

databases based on the requisites of the researcher.  

4.6.4 Case studies 

Yin (2014, p. 21) defined case study research as ‘a way of investigating an empirical topic by 

following a set of pre-specified procedures’, which is most relevant to answering research 

questions of ‘how’ and ‘why’. However, a key prerequisite of a case study design is the 

assumption that the selected case represents a typical set of other cases (Kumar 2019). A case 

study examines an individual, group, organisation, event, project or process in detail and is 

useful in construction management research as a source of insight to describe phenomena, 

create project biographies, or obtain illustrative anecdotes (Fellows 2015). Studying a case in-

depth within its real-life setting gives this research strategy a clear distinction from others 

(Saunders 2019). According to Kumar (2019) and Saunders (2019), although a case study is 

primarily qualitative in design, it is also commonly used in quantitative research. Case studies 

have been used by positivist as well as interpretivist researchers, both deductively as well as 

inductively, and for descriptive, exploratory and explanatory purposes, hence proving its 

widespread application in any field of research (Saunders 2019).  

The literature on case study research emphasises the importance of the depth of study required 

and its generalisability. Although this research involves two ‘how’-type research questions, the 
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applicability of a case study research strategy is limited. In particular, in order to come up with 

a performance prediction model, there should be wider points of data to achieve 

generalisability.   

4.6.5 Ethnography 

Ethnography involves the study of a group of people from a particular social, cultural or ethnic 

background, where the researcher has to become a part of that group to observe its behavioural 

patterns (Fellows 2015; Saunders 2019). In terms of modern organisations, ethnography is 

relevant especially to marketing research of product consumers. However, the current study did 

not require observational data on participants’ behavioural patterns or psychology. Therefore, 

ethnography is not applicable in this research. 

4.6.6 Action research 

Action research is emerging as an iterative research strategy in which the researcher and 

client/organisation collaboratively participate in developing a practical solution to a prevailing 

issue (Bryman 2019; Saunders 2019). It begins with a research question and then works through 

several stages of diagnosis, with a sort of back-and-forth process as the research develops 

(Saunders 2019). In the current study, the aim was to develop a method to predict contractor 

performance which is, in fact, a generic issue and not specific to one particular organisation. 

Further, it is not intended to interfere with the problem environment. Therefore, the action 

research strategy is not suitable for this research. 

4.6.7 Grounded theory 

Grounded theory is a qualitatively driven research strategy that aims to inductively generate a 

theory based on research data by achieving a close connection between them (Bryman 2019; 

Saunders 2019). It can be considered a bottom-up approach to theory construction, which 

includes the production of concepts, categories, properties and hypotheses as stages (Bryman 

2019). Hence, it is more relevant when little is known about a particular field. Further, it is 

bound to consume more time due to the iterative processes. Since performance measurement is 

already a heavily researched area, it is not relevant to the current study. 
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4.6.8 Narrative inquiry 

Narrative inquiry takes the form of storytelling, where an event or sequence of events is 

interpreted based on qualitative interviews (Saunders 2019). It focuses on extracting a complete 

story from an interviewee to understand the ‘big picture’, rather than obtaining pieces of 

information limited by interview questions. Considering the aim of this research, such a strategy 

is not relevant. 

 Time horizon 

The amount of time available for a study is a crucial aspect to consider when designing the 

overall research methodology. Longitudinal studies are repeated over an extended time period 

while cross-sectional studies are limited to a specific timeframe (Saunders 2019). Accordingly, 

the research fits well within the cross-sectional time horizon category as it tries to capture the 

level of performance of contractors at a given point based on past records within a specific 

timeframe. 

 Design of the current research 

Based on the research design discussion in this chapter, Figure 4.4 outlines the research design 

of the current study. The subsequent sections describe the main components of the current 

study’s research design, including the literature review, categorisation of measures of 

performance, creation of a conceptual model, data collection using expert forums, and project 

datasets, data analysis, model development and validation. 
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in detail in a separate chapter. Comprehensive literature searches (discussed in Section 4.8.2) 

were conducted in relation to each MoP (success criteria, CSFs, KPIs, and contractor 

prequalification/selection criteria). Based on the categorisation of the MoPs (Section 4.8.2), a 

separate chapter was used to explore price and non-price MoPs. The literature review expanded 

on each category of the price and non-price measures identified in Chapter 3. Parallel to the 

literature review related to performance measurement, the methods used for creating 

performance prediction models were explored in order to fulfil the second objective of the 

study.   

4.8.2 Comprehensive literature search 

There is an abundance of literature related to construction performance measurement, such that 

a systematic method was needed to extract the most relevant information. A systematic 

literature review (SLR) is a search process that prescribes the identification, selection, 

assessment and synthesis of evidence from the literature. It is considered to be the standardised 

method for reviewing literature and provides replicability, transparency, neutrality and rigour 

(Boell & Cecez-Kecmanovic 2015; Saunders 2019). However, the SLR method, as a whole, is 

time-consuming, requires several researchers, and aims to statistically analyse all available 

resources, which was beyond the scope of this study. Instead, one step of the SLR process was 

used, which was to use systematic search strategies to extract the maximum amount of literature 

on a given research topic or question (O'Brien 2016). This is referred to as a comprehensive 

literature search.  

The Scopus database was selected as the ideal source for conducting four separate 

comprehensive literature searches. Claiming to be the largest database of peer-reviewed 

literature, Scopus has over 70 million records in total (Elsevier 2019). The applicability of 

Scopus database to construction performance-related research can be justified by the previous 

studies conducted (Ahmad et al. 2016; Alruqi & Hallowell 2019; Cheaitou, Larbi & Al Housani 

2018; Jonsson & Rudberg 2017; Oppong, Chan & Dansoh 2017; Yeung et al. 2013). Among 

the studies identified, the one most closely associated with the current study is that by Yeung 

et al. (2013), which included a comprehensive literature search of the Scopus database for 

keywords related to performance, such as ‘KPI’, ‘CSF’, ‘benchmarking’, ‘project success’ and 

‘best practices’. However, the current study can be distinguished from that of Yeung et al. 

(2013) based on the fact that separate searches were conducted for each stream of identified 
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MoP. Further, Yeung et al.’s study only searched for journal articles published up to 2009; 

hence, there is a considerable amount of newer research that could exist. 

Filtering of sources 

According to Yeung et al. (2013), the journals that have published the most construction 

benchmarking-related papers are the International Journal of Project Management, 

Construction Management and Economics, Journal of Construction Engineering and 

Management, Journal of Management in Engineering, and Engineering, Construction and 

Architectural Management. These journals are among the top six construction management 

journals ranked by Wing (1997). In addition, Automation in Construction was included in the 

list of relevant top-ranking journals. Yeung et al. (2013) further included Benchmarking: An 

International Journal, highlighting the fact that it has published the greatest number of 

benchmarking-related studies, especially on construction. Based on pilot search results, two 

more journals, the International Journal of Construction Management and the Journal of Civil 

Engineering and Management were deemed appropriate based on their significant numbers of 

search results. Therefore, these journals were also included to minimise bias. Only articles 

published in the above journals at the ‘final’ publication stage were considered. 

 Search string 

A search string is a collection of key search terms used in an electronic database to search and 

retrieve as many relevant studies as possible (O'Brien 2016). It should be specific enough to 

result in a manageable number of relevant articles. Accordingly, all four types of MoPs were 

used in separate searches. The “TITLE-ABS-KEY” (title, abstract and keywords) field was 

used in Scopus for all searches. A sample search string used in the SLR process is shown below: 

( TITLE-ABS-KEY ( “critical  success factors” )  OR  TITLE-ABS-KEY ( csf )  AND  TITLE-ABS-

KEY ( construction ) )  AND  ( LIMIT-TO ( EXACTSRCTITLE ,  "Journal Of Construction 

Engineering And Management" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "Engineering Construction 

And Architectural Management" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "Journal Of Management 

In Engineering" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "International Journal Of Project 

Management" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "Construction Management And 

Economics" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "International Journal Of Construction 

Management" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "Automation In 

Construction" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "Benchmarking" ) AND  ( LIMIT 

TO ( PUBSTAGE ,  "final" ) )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( LIMIT-

TO ( SRCTYPE ,  "j" ) )  
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Search results 

Boell and Cecez-Kecmanovic (2015) highlighted the importance of the ‘recall’ and ‘precision’ 

of database-based retrieval systems. Recall is the number of relevant documents retrieved by a 

specific query, while precision refers to the number of documents that are actually relevant. 

High recall is generally associated with low precision. On this basis, the comprehensive 

literature search process was conducted in three steps. An initial search was conducted using 

search strings developed for each MoP. The resulting lists of titles and abstracts were read to 

identify which papers were relevant to each type of MoP. After going through a shortlist of full 

papers, relevant MoPs were identified as per Table 2.6, Table 2.7, Table 2.10 and Table 2.11. 

Table 4.2 summarises the search results for each MoP from each journal.  

Table 4.2 – Comprehensive literature search results for four streams of measures of performance 

 Search scope or journal Streams of measures of performance                 

Success 

criteria 

Critical 

success 

factors 

Key 

performance 

indicators 

Contractor 

prequalification & 

selection criteria 

Initial search results 29 81 43 113 

Title and abstract screening 14 27 29 49 

Highly relevant sources 9 19 15 29 

Journal of Construction 

Engineering and Management 

1 5 3 4 

Construction Management and 

Economics 

 0 1 0  6 

Engineering Construction and 

Architectural Management 

2 2 3 7 

Journal of Management in 

Engineering 

3 2 3 2 

International Journal of 

Project Management 

3 3 4 3 

International Journal of 

Construction Management 

0  5  0  1 

Journal of Civil Engineering 

and Management 

0  0 1 4 

Automation in Construction  0 0 1 2 

Benchmarking: An 

International Journal 

 0 1  0  0 
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Combination and categorisation 

In order to avoid duplications and reduce the lists of MoPs, a combination and categorisation 

exercise was performed on all four types of MoPs. Yeung et al. (2013) combined performance 

indicators with similar meanings. Likewise, closely associated terms were combined to reduce 

the total number of entries under each category of CSF, KPI, success criteria, and contractor 

prequalification and selection criteria. For example, “time”, “schedule”, “time performance”, 

“time management”, “on-time completion” and “schedule deviation” are similar in nature, so 

they were combined into a single entry. After the combination exercise, the numbers of entries 

under each category of MoPs were listed as given below: 

 CSFs: 146 entries 

 Success criteria: 20 entries 

 KPIs: 67 entries  

 Contractor prequalification and selection criteria: 39 entries 

The next step was to categorise the entries by grouping them according to their similarities. 

Although factor analysis is typically used for condensing data into few variables, it would 

require collecting data from a mass pool, with a survey strategy. Since this research is embedded 

in qualitative methodology, factor analysis was not utilised. Instead, a simple grouping activity 

was conducted similar to relevant previous studies.  For example, Chen et al. (2012) categorised 

CSFs into ‘participant-related factors’, ‘project-related factors’, and ‘environment-related 

factors’, as these represent the three aspects of the subject, object, and environment of a project, 

respectively. These were sub-categorised as ‘owner’s ability’, ‘owner’s expectations’, ‘project 

characteristics’, ‘project delivery characteristics’, ‘economic environment’, ‘political 

environment’ under each main category. Elwakil (2017) categorised CSFs broadly under four 

main categories of ‘administrative & legal’, ‘technical’, ‘management’ and ‘market and 

finance’. Another classification was based on ‘project management-related’, ‘client-related’, 

‘design team-related’, ‘contractor-related’ and ‘business and work environment-related’ (Jin et 

al. 2012). Taking a similar approach, the categorisation process resulted in 28 categories 

initially, which were distributed among the types of MoPs (Figure 4.6).  
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Time performance

Cost performance

Quality performance

Health and safety performance

Success criteria Critical success factors
Key performance 

indicators

Contractor prequalification 

& selection criteria

Environmental performance
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Level of satisfaction
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Human resources strength

Productivity achievement

Contractor s organisational ability
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Political environment
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Figure 4.6 - Initial categorisation of MoPs 

 

Some notable findings made when combining and categorising the MoPs are described below. 

 There was no significant difference between the MoPs in some of the categories. For 

example, ‘Completing the project on time/on-time completion’ was a common CSF, a 

success criterion and a KPI.  

 Some MoPs did not necessarily conform to their defined purposes. For example, 

although KPIs are used to compare performance against set standards throughout a 

project, a KPI like ‘Communication efficiency’ does not clearly represent a measurable 

entity. 

Based on the above observations, it is justifiable to state that the four types of MoPs included 

measures that are similar, with varying levels of measurability.  

 



109 

 

4.8.3 Expert forums (modified Delphi-based approach) 

In order to refine and develop the conceptual model, data collection, analysis and validation 

were carried out using several phases of expert forums. An expert forum enables in-depth 

knowledge to be obtained which, when managed, leads towards decision-making (Babatunde, 

Perera & Zhou 2016). Conceptual models were reviewed and refined by Adeniyi et al. (2019) 

and Babatunde, Perera and Zhou (2016) via expert forums. The goals of conducting expert 

forums in the present research were to: 

i. Expert Forum 1: Refine the list of categories of MoPs 

ii. Expert Forum 2: Shortlist the relevant CMoPs 

iii. Expert Forum 3: Assign weights to the top categories of MoPs 

iv. Expert Forum 4: Define data distributions and benchmarks for the CMoPs 

v. Expert Forum 5: Validate the developed performance model 

 

Among the five expert forums conducted, three were based on a modified Delphi method in 

order to improve the comprehensiveness and overall rigour of the study.  

4.8.4 Modified Delphi method 

The Delphi method is a highly structured technique that is designed to extract the maximum 

amount of unbiased information from a panel of experts and achieve consensus on a complex 

topic (Saunders 2019). It is a technique originally developed by the RAND Corporation to study 

the impact of modern technology in warfare and has been successfully utilised by researchers 

(Hallowell & Gambatese 2010). Ameyaw et al. (2016) highlighted that Delphi methods have 

been increasingly applied in construction, engineering and management research during the last 

three decades. Although Delphi studies are traditionally considered qualitative, the past two 

decades have seen the emergence of more quantitative versions based on carefully designed 

research and statistical analysis approaches (Ameyaw et al. 2016). According to Biggs et al. 

(2013), such a combination of qualitative and quantitative methods with a panel of experts is 

often referred to as a modified Delphi method (MDM).     

The Delphi process involves several steps. After the appointment of a panel of experts on a 

relevant topic, an initial round of data collection is performed and the data analysed.  The results 

are then circulated in the second round of data collection, where the panellists can compare 

their answers against the mean of the group and then revise or affirm them in the second round 
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(Saunders 2019). The process is repeated until consensus is reached. The number of rounds is 

an important consideration when designing a Delphi study. Ameyaw et al. (2016) highlighted 

that the optimal number of rounds has not been identified. However, nearly 50% of the Delphi 

studies they examined were found to have reached consensus after the second or third rounds. 

Although a minimum of three rounds is recommended for a Delphi study, the first-round survey 

can be skipped if the questionnaire is based on literature (Ameyaw et al. 2016; Cheng 2014). 

Therefore, the first round of the survey was skipped as the list of MoPs was formulated based 

on comprehensive literature searches, leading to two-stage Delphi (Sections 2.7.4, 2.7.5, 2.8.2 

and 2.9.1). Owing to participant fatigue, attrition rate, time and cost commitments, the accuracy 

may become questionable if too many rounds are conducted (Ameyaw et al. 2016).  

Providing feedback anonymously at the end of each round is another key feature of the Delphi 

method, as it facilitates consensus being reached (Njuangang, Liyanage & Akintoye 2017).  

Based on the research by Ameyaw et al. (2016) of construction-related Delphi studies, some 

simple statistical feedback given at each round were the mean and median, while the three most 

common measures of the level of consensus were the standard deviation, Kendall’s coefficient 

of concordance, and chi-square.  

Data collection techniques for modified Delphi method 

The data collection techniques used in the expert forums were interviews and questionnaires. 

Questionnaire is a generic term included in most data collection techniques where respondents 

are asked to answer a set of questions in a specified order (Bryman 2019; Saunders 2019). A 

questionnaire can either be self-completed or researcher-completed. Saunders (2019) provided 

a list of factors that influence the choice of questionnaire mode; 

 Characteristics of the respondents 

 Importance of reaching a particular person as respondent 

 Importance of respondents’ answers not being contaminated or distorted 

 Sample size and response rate 

 Type and number of questions that need to be asked 

Since the requirement was to obtain feedback from a small group of respondents (experts), it 

was important that the particular persons could be reached and achieve very high response rates. 

The time taken to complete the collection of questionnaires had to be minimised where possible 
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as the Delphi method requires several rounds. Additionally, the respondents needed to be 

guided, at least in the initial round, to clarify ambiguities and extract more details regarding 

their responses. Considering all these factors, a combination of face-to-face and online 

questionnaires were utilised in the expert forums. According to Saunders (2019), although 

questionnaires can be used as the sole mode of data collection, they are likely to provide better 

results when complemented with another technique, such as interviews.  

Interviews are a widely used mode of data collection in qualitative research. There are three 

generic types: structured interviews, semi-structured interviews and unstructured interviews 

(Bryman 2019; Saunders 2019). Structured interviews follow a standardised list of questions 

and are quantitative in nature. Semi-structured or unstructured interviews, on the other hand, 

are qualitative in nature and generally consist of open-ended questions that are intended to 

extract opinions from the interviewees (Creswell 2018; Saunders 2019). According to Saunders 

(2019), semi-structured interviews provide a basis for probing responses when extra 

explanation is necessary. During each expert forum, questionnaires were used to guide the 

interviews, which enabled clear communication of the intention of each round and helped to 

clarify any confusions that arose. It became evident that the decision to drop the survey as a 

research strategy was, in fact, the correct choice (Section 4.6.2). The interviews were recorded, 

transcribed and interpreted statements were developed for analysis. See Appendices 5, 9, 15, 

and 20 for sample verbatim transcripts from Expert forums 1, 2, 4 and 5 respectively.  

Appendices 6, 10, 16 and 21 present the interpreted statements developed from the same.     

Selection of experts  

The success of a Delphi process principally relies on the choice of experts that form the panel 

(Chan 2001). Generally, non-probability purposive sampling can be used to select experts based 

on their knowledge, experience and expertise (Saunders 2019). Accordingly, the researcher has 

to rely on their judgment to select the best panel for answering the research questions. Saunders 

(2019) further stated that the issue of sample size in non-probability sampling is vague and has 

flexible rules. Since generalisation is made to theory, unlike to a population, the logical 

relationship between sample selection and the focus of the research is more important (Bryman 

2019; Saunders 2019). Based on a study conducted by Ameyaw et al. (2016) on the usage of 

Delphi methods in construction, engineering and management research between 1990 and 2012, 

two main modes of qualifying experts have been identified according to (1) specific 

requirements and (2) a flexible point system. Specific requirements include work experience, 
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professional qualifications, relevant publications or specific work appointments, while the point 

system involves an expert evaluation system where a minimum score is required to qualify. In 

this regard, the Guidelines for the Rigorous Implementation of the Delphi Research Method 

presented by Hallowell and Gambatese (2010) were applied to the current study. Accordingly, 

the experts needed to meet at least four of the following requirements to qualify as a panellist: 

 Primary or secondary writer of at least three peer-reviewed journal articles 

 Invited to present at a conference 

 Member or chair of a nationally recognised committee 

 At least 5 years of professional experience in the construction industry 

 Faculty member at an accredited institution of higher learning 

 Writer or editor of a book or book chapter on a topic related to construction  

 Advanced degree in the field of construction, engineering and management or other 

related field (minimum of a Bachelor of Science) 

 Professional registration such as Professional Engineer, Licensed Architect, etc. 
 

The intention of the use of above list was to select domain experts that understand and have 

overall experience in construction. Since at least four of the above listed requirements had to 

be fulfilled, the selection process enabled inclusion of full-time academics as well as researchers 

and industry professionals. This resulted in selection of a more balanced, yet focussed panel of 

experts that could actively contribute towards the Delphi forums. 

The number of experts in a panel is another important decision regarding Delphi-based studies. 

Ameyaw et al. (2016) stated that an optimal size of the Delphi cannot be concluded as the 

literature extends to a wide range regarding the numbers. However, more than 70% of the 

papers that mentioned the respective Delphi panel sizes had used between three and 20 

panellists. It was crucial to identify a group of experts that sufficiently cover the above listed 

requirements and those who are likely to engage in this type of research with significant time 

commitment. Being a leading construction industry-focused research hub in Australia, along 

with significant collaboration and engagement with all stakeholders (contractors, consultants, 

regulators, professional bodies, academics, etc.), the Centre for Smart Modern Construction 

(2019) was chosen to be the ideal source to identify potential experts. As the researcher is 

affiliated with this Centre, the professional network associated to it was explored to identify a 

sample of experts that significantly cover the above listed criteria.  
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Thirteen potential experts were identified based on the set of selection criteria, where eleven of 

them agreed to participate when contacted. Five of the experts were contacted initially and 

joined expert forums 1, 2 and 3. Two of the experts were unable to join the fourth forum and 

were replaced by two new experts. In order to maintain the consistency of data collection, the 

two new experts were also selected based on the same selection criteria. Prior to starting the 

fourth forum, the new experts were provided with detailed explanations about the whole process 

undertaken up to that point. Since the fifth and final expert forum was conducted to validate the 

developed performance model, it was required to obtain opinions from experts that were 

independent of the Delphi process. To maintain consistency of data collection and to reduce 

bias, the fifth expert forum comprised of more experts (seven), where the majority (four) were 

not involved in previous panels.  

The details of all eleven experts involved are presented in Table 4.3. The experts were selected 

based on the relevance of their work experience and expertise covering main stakeholder parties 

such as contractors, consultants, regulators, clients, and academics. Therefore, the composition 

of the expert forums was balanced and holistic.   
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4.8.5 Delphi-based Expert Forum 1 

The main aim of Expert Forum 1 was to generate a refined list of measures of performance 

(MoPs) based on the literature findings and subsequent categorisations. A knowledge 

acquisition questionnaire was designed using the categorisation of MoPs identified in Sections 

2.7.4, 2.7.5, 2.8.2 and 2.9.1. The complete list consisted of the main categories of MoPs and the 

respective measures identified from the literature searches. The composition of the experts is 

presented in Table 4.4.  

Table 4.4 - Composition of Expert Forum 1 

Expert code Expertise Organisational background 

E1 Project management, business development Contractor 

E2 Health, safety and environment management, risk 

management, construction procurement 

Developer/Client 

E3 Project management, contract administration, risk 

management 

Consultant 

E4 Cost planning, quantity surveying, performance 

measurement 

Contractor 

E5 Cost planning, estimating Contractor 

 

The first round was conducted in the form of interviews based on the questionnaire. The experts 

were instructed to consider each MoP category and answer the questions. Q1: “Can it be 

quantitatively measured from project records?”, Q2: “Is it within the control of the contractor?” 

and Q3: “How significant is it towards the performance of a project?”. Their task in round 1 

was to provide a rating for each question for each category of MoP using a five-point Likert 

scale. As CMoPs were to be identified in Expert Forum 3, a proper filtering mechanism was 

required, starting with Expert Forum 1. The MoPs had to be quantitatively measurable 

irrespective of their significance to project performance. Therefore, Q1 was given more 

prominence. Then, the MoPs had to be within the control of the contractor, otherwise, it would 

not be fair to judge their performance. Hence, Q2 was given less prominence than Q1. If a MoP 

did not satisfy Q1 and Q2, its use in the conceptual model would not yield proper results. 

Therefore, Q3 was given the least prominence. Accordingly, to calculate an overall rating, the 

questions were weighted as 50% for Q1, 30% for Q2 and 20% for Q3. These assumptions were 

mentioned during the round 1 interviews so that the experts could agree with the weighting 

system.  
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The order of the categories of MoPs was randomised to avoid any bias of the most commonly 

assessed measures (e.g. time, cost, and quality would naturally be ranked at the top if the 

categories were kept in the order of greatest occurrence). Conducting the first round of Expert 

Forum 1 enabled clarification of any doubts regarding the categories of MoPs or their 

constituents. The questionnaire was used as the basis on which the semi-structured interview 

was carried out, which took the form of ‘thinking-out-loud’, where the expert would explain 

why they were giving a particular rating. Further, any additional comments could be inserted at 

the end of the questionnaire. In round 2, the experts were given the same questionnaire but with 

additional columns to show the group mean rating for each question, the expert’s own rating in 

the previous round and the comments from all experts regarding the categorisations. This 

allowed the experts to compare their ratings with the rest of the panel and either change or 

reaffirm the ratings in the second round. The process of data analysis is presented in Chapter 5. 

The questionnaires used for Expert Forum 1 are attached as Appendices 1 and 2.    

4.8.6 Delphi-based Expert Forum 2 

During Expert Forum 2, the experts were presented with the top categories of MoPs (TMoPs) 

resulting from the previous expert forum and a refined set of critical measures of performance 

(CMoPs). The intention of this expert forum was to shortlist the TMoPs and identify a 

corresponding single CMoP to represent each one. Table 4.5 provides the composition of the 

second expert forum. 

Table 4.5 - Composition of Expert Forum 2 

Expert code Expertise Organisational background 

E1 Project management, business development Contractor 

E2 Health, safety and environment management, risk 

management, construction procurement 

Developer/Client 

E3 Project management, contract administration, risk 

management 

Consultant 

E4 Cost planning, quantity surveying, performance 

measurement 

Contractor 

E5 Cost planning, estimating Contractor 

 

An online questionnaire was prepared using the Qualtrics survey tool and sent to the experts to 

collect their responses. The experts were provided with the opportunity to choose a critical 

measure from the proposed refined list as well as to propose any other suitable alternative. 

Round 2 of the second expert forum was conducted as online interviews, where the results of 
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round 1 were presented and discussed for further clarity. The interviews were recorded, 

transcribed and analysed. Based on the revised questionnaire answers along with the comments 

received, the list of TMoPs and corresponding CMoPs was further revised. At the third round, 

the CMoPs were rated based on 1) accessibility of data, 2) ability to compute and measure and 

3) fairness in reflecting contractor performance, and were presented to the experts via email. 

TMoPs corresponding to CMoPs that did not fulfil all three assessment criteria were marked as 

possible exclusions from the final list of TMoPs. The level of agreement on the proposed 

changes was ascertained through the experts’ replies. The questionnaire and follow-up 

interview guide used for Expert Forum 2 are attached as Appendices 3 and 4, and the data 

analysis process is described in Chapter 5.   

4.8.7 Fuzzy AHP-based Expert Forum 3 

A third expert forum was held to compare the shortlisted MoPs and calculate their weights using 

a fuzzy AHP-based approach. The rationale for the selection of this method is provided in 

Section 4.9. The composition of Expert Forum 3 is presented in Table 4.6.  

Table 4.6 - Composition of Expert Forum 3 

Expert code Expertise Organisational background 

E1 Project management, business development Contractor 

E2 Health, safety and environment management, risk 

management, construction procurement 

Developer/Client 

E3 Project management, contract administration, risk 

management 

Consultant 

E4 Cost planning, quantity surveying, performance 

measurement 

Contractor 

E5 Cost planning, estimating Contractor 

 

The experts were given a pairwise comparison chart to assess the MoPs. Based on the TMoPs 

identified through Expert Forum 2, all pairs were set out in the questionnaire. A modified 

Microsoft Excel version of the online AHP tool created by Goepel (2018) was shared via online 

meetings and the experts were asked to compare one MoP against the other and mark ‘X’ in the 

appropriate box to indicate whether it was ‘Equally important’, ‘Equal to moderately 

important’, ‘Moderately important’, ‘Moderate to strongly important’, and so on. Analysis of 

this Fuzzy AHP-based comparison is described in Section 5.5. 
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4.8.8 Delphi-based Expert Forum 4 

The fourth and final expert forum was conducted to define the data distributions of the finalised 

CMoPs and to set corresponding benchmarks. Table 4.7 shows the composition of the fourth 

expert forum. 

Table 4.7 - Composition of Expert Forum 4 

Expert code Expertise Organisational background 

E1 Project management, business development Contractor 

E3 Project management, contract administration, risk 

management 

Consultant 

E4 Cost planning, quantity surveying, performance 

measurement 

Contractor 

E6 Construction management, property development Developer–builder  

(small to medium) 

E7 Construction management, contract administration, 

property development 

Developer (large) 

 

Prior to consulting the experts, the possible levels of each CMoP identified at the end of Expert 

Forum 3 (higher level, lower level, most likely value, and expected benchmark) were deduced 

based on the literature, industry norms, domain knowledge and logic. In the first round of Expert 

Forum 4, the identified values were presented in a table, alongside their sources, and shared 

with the experts (individually) via an online meeting to obtain their feedback. The experts were 

asked to suggest any changes to the proposed values. The discussions were conducted as semi-

structured interviews and were recorded, transcribed and analysed (refer to Chapter 6 for 

details). The responses were collated and the proposed values were revised after the first round. 

In round two, an online questionnaire was circulated among the experts that presented the 

revised distribution data of the CMoPs. The experts were asked to rate their levels of agreement 

via a Likert scale. By the end of round two, the data distributions and corresponding 

benchmarks were finalised and agreed on by the experts.    

4.8.9 Delphi-based Expert Forum 5 

Despite the time and cost expenses, comparison with expert opinions is bound to provide 

accurate validation for a developed model (Al-Alawi & Mohamed 2021). A fifth and final 

expert forum was used to validate the developed performance index in line with the final 

research objective. The use of expert opinions to validate developed frameworks or models is 

supported by previous researchers. An expert forum consisting of nine experts was used by 
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Babatunde, Perera and Zhou (2016) to validate a developed capability enhancement framework. 

A partnering performance measurement model developed by Yeung, Chan and Chan (2009b) 

was validated by seven experts based on a set of validation criteria. A similar approach was 

adopted and the expert panel was chosen to include three previous participants and four new 

ones in order to improve the external validity of the process. The expert discussion sessions 

were conducted as one-to-one online interviews. Table 4.8 shows the composition of the panel 

of experts. 

 Table 4.8 - Composition of Expert Forum 5 

Expert Code Expertise Organisational background 

E1 Project management, business development Contractor 

E6 Construction management, property development Developer–builder  

(small to medium) 

E7 Construction management, contract administration, 

property development 

Developer (large) 

E8 Construction management, research and 

construction education 

Contractor, educator 

E9 Project management, engineering Consultant, educator 

E10 Construction management, research and 

construction education 

Educator 

E11 Regulatory policy, construction industry reforms Regulator 

 

Initially, a prototype mobile application developed using Microsoft PowerApps (Section 

4.8.13) was used to present the overall performance index. The application was demonstrated 

live by inputting example data and obtaining the results. Next, the overall performance index 

development process was briefly explained, giving prominence to the steps involving data 

distributions, benchmarks and Monte Carlo simulation. The results obtained after inputting 

project data were also presented using scatterplots to give background information on the 

relevant projects and data providers (developers/contractors) without revealing their identities. 

After the demonstration of the prototype and presentation of the research process and outcomes, 

the experts were asked to give their feedback using a Likert scale with regard to eight validation 

criteria. Six of the validation criteria were adopted from previous research: fitness for purpose, 

comprehensiveness, practicality, objectivity, replicability, and reliability (Babatunde, Perera & 

Zhou 2016; Yeung, Chan & Chan 2009b). In addition, veracity and the overall approach taken 

to develop the model were introduced as validation criteria in order to gain more in-depth 

feedback. The results are discussed in Section 7.7. 
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4.8.10 Creation and revision of the conceptual model  

A linear additive model of performance was adopted as the conceptual model for the research, 

as discussed in Section 3.5. Following the results of Expert Forum 2, seven top categories of 

MoPs (TMoPs) were identified as inputs to the conceptual model. Therefore, the conceptual 

model was presented as given below: 

PI = W1.TMoP1 + W2.TMoP2 + W3.TMoP3 + W4.TMoP4 + W5.TMoP5 + W6.TMoP6 + W7.TMoP7     

(Equation 2) 

Where PI = performance index, W = weight of measure, TMoP = index for top category of measure of 

performance. 

Through Expert Forum 3, weights were calculated for each entry of the conceptual model, 

thereby revising it. 

4.8.11 Project datasets 

In order to support the creation of data distributions and identification of benchmarks, actual 

construction project records were required. The study utilised actual construction project data 

obtained from three leading developers and builders of apartments within New South Wales. 

Documentary review, database searches and surveys were used to collect data from past 

construction projects as well as developers and builders. Collectively, 31 construction project 

records and corresponding organisation records from three developers/builders were obtained.   

4.8.12 Model development using Monte Carlo simulation 

After analysing the project datasets, normalised indices for the MoPs were calculated by 

converting the CMoP values to a unidirectional scale of 0–10. Taking these normalised indices 

as inputs, the revised performance index (Equation 2) was subjected to Monte Carlo simulation, 

as described in Chapter 7. The rationale for the choice of MCS is presented in Section 4.10. 

The resulting probability distribution was used as the basis for interpreting performance scores 

calculated using the performance index.  

4.8.13 Performance index prototype development 

The performance index developed using Monte Carlo simulation needed to be converted to a 

user-accessible prototype in order to test it and receive feedback. After exploring the available 

methods in consideration of ease of development, cost and time requirements, and overall visual 



122 

 

appeal, Microsoft PowerApps was chosen as the ideal platform to develop the prototype. 

PowerApps is a low-code data platform that provides a rapid application development 

environment to build custom applications for different business needs (Microsoft 2021). 

Through PowerApps, a mobile application prototype was developed for the contractors’ 

performance index, as explained in Chapter 7.   

 Choice of fuzzy AHP for calculating weights  

Jato-Espino et al. (2014) stated that the most successful MCDM methods are those which have 

both experience and ease of application or speed. Furthermore, as most MCDM techniques are 

not mature enough to handle comprehensive situations, they tend towards hybrid approaches. 

The literature indicates a greater preference for combined or hybrid MCDM approaches 

(Section 3.6). Particularly, a move from crisp to fuzzy decision-making is apparent. Therefore, 

it was decided to use FST in the MCDM method for calculating the weights of the performance 

criteria.  

Based on the MCDM methods discussed in Section 3.6, a choice had to be made among using 

ANN, AHP or MAUT. Considering their shortcomings, ANNs (Section 3.6.2) were not 

considered the best method for MCDM in the current scenario, especially owing to the high 

requirement of data points. The remaining options, AHP and MAUT, have been significantly 

compared and contrasted in previous research due to their similarities. A comprehensive 

comparison of MAUT and AHP in a practical application by Bard (1992) revealed that AHP is 

more acceptable to decision-makers who lack familiarity with either method. In contrast, if the 

attributes are few, given the alternatives are well understood, MAUT could be the better choice. 

However, it is not possible to have a very low number of attributes or criteria of performance 

to compare due to the large number of categories of MoPs (28) discovered through the literature 

review (Section 2.10). Compared to MAUT, AHP provides a logical means of synthesising 

judgment, thereby easily leading to consensus (Bard 1992). Therefore, it was evident that AHP 

was the better choice and to hybridise it with FST (i.e. Fuzzy AHP). 

van Laarhoven and Pedrycz (1983) added fuzzy logic to AHP and extended it to Fuzzy AHP 

(FAHP) with the use of fuzzy triangular membership functions. FAHP eliminates the reliability 

issues of traditional AHP, where uncertainty is not dealt with properly (Kaganski, Majak & 

Karjust 2018). Fuzzification of the AHP process has, therefore, been adopted in many other 

studies. According to Ozdagoglu and Ozdagoglu (2007), in traditional AHP, the numerical 
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values are exact crisp numbers, whereas in FAHP, they are intervals between two numbers with 

the most likely value. They further stated that, while linguistic values can change from person 

to person, taking fuzziness into account will provide less risky decisions. Fuzzification, 

therefore, eliminates the issue of crisp decisions, thereby increasing the preference for AHP. 

Chan, Sun and Chung (2019) highlighted, through searches of leading publications, that the 

FAHP adoption rate in various fields had increased considerably over the past 15 years, despite 

criticism by the creator of AHP, who is Saaty (Saaty & Tran 2007).  In particular, the frequent 

use of FAHP in MCDM problems in construction further reinforces its suitability. Some 

examples of such applications related to the current study include the use of FAHP models for 

prequalifying consultants (Nazari, Vandadian & Abdirad 2016), prioritizing KPIs (Kaganski, 

Majak & Karjust 2018), assessing contractor selection criteria weights (Jaskowski, Biruk & 

Bucon 2010) and prequalifying contractors (Hosny, Nassar & Esmail 2013). Furthermore, in a 

study regarding the choice of AHP or FAHP, Chan, Sun and Chung (2019) stated that FAHP is 

suitable for small groups of experts as the judgement on the criteria made by them are highly 

consistent. Therefore, it is ideal to use FAHP for the model expressed in Equation 2 (Section 

4.8.10) in order to obtain weights for each top category of MoP through pairwise comparisons.   

 Developing the performance model 

According to Rubinstein (2008), once a model for a specific system has been constructed, the 

next step is to derive solutions using it, which can be performed using analytical or 

mathematical methods. One such numerical method is stochastic computer simulation, often 

known as Monte Carlo simulation (MCS), which can provide insights for identifying important 

variables and their interactions within a model (Rubinstein 2008). Further, it helps to 

experiment with new scenarios and understand a system’s behaviour under new conditions. A 

clear advantage of MCS is that it does not require in-depth knowledge of computer modelling 

or statistical risk analysis techniques to be effective (Smith 2014). For these reasons, MCS was 

chosen to develop the performance model.  

4.10.1 Monte Carlo simulation 

Popularly named after the casinos in Monte Carlo, the method was introduced by Ulam and 

Metropolis (1949) which has been previously used in the Manhattan Project in the USA during 

World War II. El-Abbasy et al. (2013) stated that this method or algorithm is employed to 

randomly generate input variables and assess the values of outputs. MCS has been widely used 
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in many fields requiring forecasting, estimation, modelling and prediction, especially for risk 

management and financial analysis. While risk analysis and cost forecasting are most 

commonly associated with MCS, its use in performance assessment is comparatively less. The 

combined use of MCS along with AHP is evident in Minchin, Hammons and Ahn (2008), where 

a construction quality index was developed. More recently, Le et al. (2020) developed a data-

driven MCS-based approach that enables objective evaluation of contractors’ past performance 

using historical daily work records of highway construction projects. Accordingly, the 

application of MCS to model development can be substantiated. Kwak and Ingall (2009) 

provided a clear summary of MCS: 

A model or a real-life system or situation is developed, and this model contains certain 

variables. These variables have different possible values, represented by a probability 

distribution function of the values for each variable. The Monte Carlo method simulates 

the full system many times (hundreds or even thousands of times), each time randomly 

choosing a value for each variable from its probability distribution. The outcome is a 

probability distribution of the overall value of the system calculated through the 

iterations of the model (p. 84). 

Based on the above definition, the key steps of a MCS can be briefly listed as given below: 

1. Identify variables (shortlisted set of CMoPs)  

2. Define the relationship between the variables based on the weights calculated using 

FAHP, leading to a resultant value (score). 

3. Define the possible value ranges for each variable (CMoPs) to define their respective 

probability distributions. 

4. Run the simulation through a large number of iterations of the same system and mark 

the results each time (random samples from each distribution). 

5. Plot the resulting probability distribution curve and interpret the outcomes.  

The graphical representation of the MCS process by Henderson and Bui (2005) shown in Figure 

4.7 relates to the identified MCS steps. The conceptual model represented by Equation 2 

(Section 4.8.10) is the system to be subjected to MCS. Therefore, the variables, weights and 

their relationships have already been established.   
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Figure 4.7 - MCS process (Henderson & Bui 2021, p.5) 

Definition of the probability distributions and running of the simulations are explored under the 

subsequent headings. 

4.10.2 Defining the probability distributions 

Once the variables are chosen, the key step in conducting an MCS is to define the probability 

distributions of each variable in a logical manner. As defined by Haynes (2013), a probability 

distribution is a representation of random variables and the corresponding probabilities of the 

occurrence of different outcomes. Depending on whether the variables are continuous or 

discrete, the corresponding probability distributions are characterised as probability density 

functions or probability mass functions, respectively. There are various types of probability 

distributions, as shown in Figure 4.8. Continuous distributions are depicted in blue while 

discrete ones are in red. Out of these distribution types, the most common ones are normal, 

lognormal, uniform, triangular and PERT (Palisade 2020a). A normal distribution is symmetric 

around its mean and appears as a bell shape. When a variable’s logarithm follows a normal 

distribution, it becomes a lognormal distribution. If all outcomes have the same probability, 

then the distribution is referred to as a uniform one. When minimum, maximum and most likely 
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values can be defined, the resulting distribution is a triangular one. PERT is similar to a 

triangular distribution but is more bounded by the extremes (Palisade 2020a). 

 

Figure 4.8 - Probability distribution types (Palisade 2020a) 

 

While it is ideal to define the distributions based on historical data, suitable alternatives have 

to be carefully selected. Smith (2014) suggested consulting experts or experienced personnel in 

the field and observing previous similar projects when defining the distribution shapes for the 

chosen variables. The process of defining the relevant probability distributions is provided in 

Section 6.6.    
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4.10.3 Running the simulation 

The main concept behind MCS is to perform computations to run a large number of iterations, 

then record and plot the results. As the number of iterations has to be significantly large (10,000 

or more, reaching the millions), a practical approach is to perform them via suitable computer 

software. 

MCS can be performed using several software applications with various levels of complexity. 

The available options were explored to select the ideal one to be used in this research. Based 

on online searches and research related forums, Oracle Crystal Ball, Palisade @Risk, 

Mathworks MATLAB, GoldSim and R Programming were found to be some of the most 

commonly used applications for MCS. Among these, R is the only free and open-source 

software environment that facilitates MCS. However, it requires a considerable amount of 

knowledge and training to program with it. Considering the straightforward application of MCS 

that is required for the current research, R was excluded. Similarly, MATLAB was excluded 

due to its programming requirements, which are beyond the actual purpose of the performance 

model to be developed. Since Oracle Crystal Ball did not have a free or student license 

mechanism applicable to Western Sydney University, it was left out due to its significant cost. 

Both GoldSim and @Risk software were installed using student licenses and their user 

interfaces and the general setup was explored. GoldSim is a stand-alone software while @Risk 

is a Microsoft Excel add-on that seamlessly works with the rest of the application. Considering 

the maturity of the software, ease of application, massive pool of tutorial videos, dedicated user 

groups and knowledge base (Palisade 2020b), @Risk was chosen as the ideal software to 

perform the Monte Carlo Simulations for this research.     

 Data presentation and analysis methods 

This research is embedded in a predominantly qualitative approach, within which quantitative 

techniques were used for certain elements. The data presentation and analysis methods utilised 

for both the quantitative and qualitative components of this research are discussed in the 

following sections. 

4.11.1 Quantitative data analysis 

Descriptive statistics were used to analyse the Likert-scale scores for the questionnaires used in 

the expert forums.  
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Mean, standard deviation and median 

According to Hsu and Sandford (2007), the most common statistics used in Delphi-based 

studies to explore the group decisions of respondents (expert forum participants in this case) 

are measures of central tendency (mean, median and mode) and the level of dispersion (standard 

deviation and interquartile range). A study on the use of the Delphi method in construction, 

engineering and management (CEM) research by Hallowell and Gambatese (2010) found that 

the majority of previous studies have used means as a measure of feedback and standard 

deviations as a measure of consensus. Further, in more recent Delphi-based studies in CEM-

related fields, Biggs et al. (2013) and Cheng (2014) also used mean and standard deviation as 

the primary descriptive statistics in their analyses. Therefore, the continued usage of mean and 

standard deviation in Delphi-based studies in CEM supports the suitability of adopting those 

measures.   

On the other hand, the mean is very sensitive to outliers whereas the median is extremely 

insensitive (Leys et al. 2013). Since each expert forum consisted of only five or seven 

participants, the number of data points was small, so the effect of several outliers could be 

highly significant (Hartwig et al. 2020). Therefore, the median was utilised instead of the mean 

when analysing situations that were clearly impacted by outliers. 

Kendall’s coefficient of concordance 

Kendall’s coefficient of concordance (W) is a statistical tool that is used to measure the 

agreement between several experts who rank-order a set of attributes (Field 2005). It is, 

therefore, a measure of inter-expert variability. Kendall’s coefficient of concordance is 

interpreted based on the value of W and is constrained to be between zero (no agreement) and 

one (perfect agreement). Cheung and Chan (2011) and Osei-Kyei and Chan (2017) used 

Kendall’s coefficient of concordance to calculate the consistency of ratings given by 

respondents. Similarly, due to having 28 categories of MoPs rated under three questions by five 

experts, Kendall’s coefficient of concordance was calculated in each round when analysing the 

quantitative portion of the first expert forum data. Calculations related to the quantitative 

component of the research were performed in SPSS software (version 25).  
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Consistency ratio in Fuzzy AHP   

Similar to ascertaining consensus among experts in Delphi rounds, the ultimate goal in any 

AHP process is to obtain a result that is consistent based on the pairwise comparisons done by 

the decision-makers (experts). This has to be checked and maintained in order to ensure that 

the pairwise comparisons result in a consistent judgment with limited contradictions (Liu, 

Eckert & Earl 2020).  According to Basaran (2012), the most accepted method of calculating 

the consistency ratio (CR) for fuzzy pairwise comparison matrices is to convert the fuzzy 

numbers into crisp numbers and then proceed with ordinary CR calculations of AHP. The CR 

is calculated as the ratio between the consistency index and random index (Chan, Sun & Chung 

2019). Accordingly, the pairwise comparisons were taken to be consistent when the ratio was 

< 10%. The application of CR is presented in Section 5.5.3. 

4.11.2 Qualitative data analysis 

The qualitative component of the research was carried out by content analysis. Content analysis 

is an analytical technique of categorising and coding text, voice and other visual data using a 

systematic coding mechanism that enables both quantitative and qualitative analysis depending 

on the context (Bryman 2019; Saunders 2019). In this process, key points from interviews and 

discussions were noted and grouped, based on their similarities and the newly-identified and 

pre-identified themes, for further analysis. Initially, the semi-structured interview data captured 

from expert forum interviews were transcribed using Microsoft Word and were then exported 

to Microsoft Excel to conduct the content analysis process. The key steps of the process are 

listed below: 

1. Code level 1 – Each question and answer in the original transcript was given a code. 

2. Code level 2 – Interpreted statements were developed and codes were assigned. 

3. Code level 3 – Interpreted statements were categorised under pre-identified themes and 

newly-identified themes and codes were assigned. 

The analysis was done in a manual manner instead of using content analysis software such as 

NVivo because a comprehensive set of themes (i.e. categories of MoPs) was already identified 

from the literature. Therefore, the main outcome required was to categorise and group the 

statements in a systematic way, which was possible to do with trackable codes. Appendices 5, 

6 and 7 present a sample verbatim transcript and corresponding interpreted and categorised 

statements, respectively. 
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4.11.3 Data presentation methods 

The key data presentation methods utilised when analysing data are described under the 

subsequent headings. 

Relative frequency histogram 

A histogram is an informative graph that consists of bars placed next to each other in defined 

intervals (bins) of equal width. The height of the bars represents the frequency or relative 

frequency of the classes proportionately (Gupta, Guttman & Jayalath 2020). The frequency 

divided by the total results provides the relative frequency, which is easier to use for direct 

comparisons. The output distribution of an MCS performed through the software @Risk can be 

presented in several ways. The relative frequency option displays the output distribution as a 

histogram with the y-axis values computed as the percentage of values that fall within each bin 

(Pallisade 2021). A relative frequency histogram of the MCS output was used as the basis for 

the performance index to compare the performance scores calculated (Section 7.3).  

Scatterplots 

A scatterplot is a data visualisation tool based in the Cartesian space, which is used to represent 

data of two variables along the x- and y-axes (Cuesta & Kumar 2016). Although being relatively 

simple, a scatterplot can convey several important details of the data. It can indicate the 

existence of a relationship between the two variables (correlation) and the existence of any 

patterns, groups, clusters and outliers (Kotu & Deshpande 2019). Outliers were the reason for 

utilising scatterplots in this research. Accordingly, the performance scores calculated using the 

developed performance model (Contractors’ Performance Index) were plotted against the 

respective projects (chronologically) in order to compare them with the benchmarks and to 

identify any groups (Section 7.6.1). 

 Reliability and validity 

Reliability and validity are two important aspects in making judgments of the quality of research 

(Saunders 2019). Reliability refers to the consistency and replicability of the research design, 

whereas validity refers to the suitability of the measures used, the accuracy of the data analysis 

and the generalisability of the findings (Fellows 2015; Saunders 2019). The subsequent sections 

discuss how reliability and validity were maintained within this study. 
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4.12.1 Minimising threats to reliability 

Reliability can be categorised as internal reliability and external reliability. Internal reliability 

is about ensuring consistency during a research project, while external reliability refers to the 

extent to which the data collection and analysis techniques would result in the same findings if 

they were repeated at a different time by the same or a different researcher (Saunders 2019). 

Saunders (2019) identified several types of threats to reliability, such as participant error, 

participant bias, researcher error, and researcher bias. With the Delphi-based expert forums, in 

particular, minimising bias is crucial. Hallowell and Gambatese (2010) identified eight key 

types of bias that need to be minimised in Delphi studies: collective unconscious, contrast 

effect, neglect of probability, Von Rostorff effect, myside bias, recency effect, primacy effect 

and dominance. These biases were mitigated using the following control measures: 

 Conducting multiple rounds within each expert forum 

 Including comments/feedback from previous rounds 

 Ensuring the anonymity of the expert panellists 

 Randomising the order of questions 

 

Along with the above-mentioned controls, this research addressed internal validity by following 

a rigorous research process that systematically explored suitable research methods, approaches 

and strategies.  

4.12.2 Minimising threats to validity 

According to Saunders (2019) and Fellows (2015), the main types of validity are internal and 

external.   

 Internal validity refers to the extent to which the researcher draws conclusions about the 

effects of an independent variable against the flaws in the research design. This issue in 

making inferences was addressed in the present research by ensuring that the research 

process was rigorous and systematically performed through a series of expert forums 

backed by actual project data.  

 External validity refers to the degree to which the results of the study can be replicated or 

generalised to other samples, research settings and procedures. The use of multiple project 
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data sources improved the external validity of this research. Further, the inclusion of fresh 

experts in the validation expert forum also had a positive effect on external validity. 

As explained, both internal and external validity were maintained throughout this research. 

4.12.3 Validation of the developed model  

Validation is used to check whether a model gives a realistic result. An investigation by Al-

Alawi and Mohamed (2021) into the validation methods used in construction-related simulation 

studies found that 75% of studies conducted validation via comparison with real data, other 

models, or expert opinions (face validity). Since other comparable models were not available, 

this research used real data and expert opinions for validation, as described in the subsequent 

sections.  

Validation by application of construction project data 

As a validation process, the developed performance model was analysed by applying actual 

construction project data. Al-Alawi and Mohamed (2021) highlighted that comparison with real 

data can be done in various ways, such as a straight comparison of the outputs, or statistical 

comparison with the model outputs. Since limited construction project data was available, a 

statistically significant sample could not be obtained. Hence, the secondary option—direct 

comparison—was utilised. Accordingly, the performance scores from the model were 

compared with the general perception of performance attached to the relevant data provider, as 

explained in Section 7.6. 

Validation through Expert Forum 5 

The process used to validate the developed model through a Delphi-based expert forum is 

presented in Section 4.8.9. 

 Summary 

This chapter discussed the research methodology of this research in detail. The research was 

explored in terms of common research philosophies, research designs, approaches to theory 

development, methodological choices and strategies. The detailed review of the methodological 

elements lays a solid theoretical foundation for the development of the research design. Backed 

by the resulting justifications, this study followed the pragmatist research philosophy and 
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utilised an abductive approach to theory development, as it contains components of both 

inductive and deductive approaches. The methodological choice was mixed-methods research, 

as it contains both quantitative and qualitative aspects. Next, the research strategies were 

explored, with surveys and archive and document searches identified as the most suitable 

options. The time horizon was chosen to be cross-sectional.    

Chapter 4 explained the research design in detail. The research commenced with a detailed 

literature review, which included a series of comprehensive literature searches to establish the 

measures of performance. The measures of performance identified were subjected to a series of 

expert forums comprised of experts from the construction industry representing all forms of 

key stakeholders. The first two expert forums were conducted using a modified Delphi method, 

leading to the identification of the top categories of measures of performance. The third expert 

forum was based on Fuzzy AHP and calculated weights based on their importance. The fourth 

and modified Delphi-method-based expert forum was supported by actual construction project 

data and established benchmarks and defined distributions for the finalised set of critical 

measures of performance. The performance model was developed using Monte Carlo 

simulation. The developed performance index was validated using actual project data and a 

fifth modified Delphi-method-based expert forum. The steps taken to maintain reliability and 

validity were also discussed in this chapter. The next chapter presents the data collection and 

analysis done during each key stage. 
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5 Identification of critical measures of performance and their 

corresponding weights 

 Introduction 

The previous chapter explored the methodology used to achieve the objectives of this study. 

Accordingly, following the comprehensive literature searches and categorisation of measures 

of performance (MoPs), the next key steps were to collect and analyse data through a series of 

expert forums, as explained in the methodology chapter (Section 4.8). This chapter presents the 

data collection, analysis and discussion obtained from Expert Forums 1, 2 and 3, which led to 

the identification of the critical measures of performance (CMoPs) and the corresponding 

weights used in the conceptual performance model.  

Initially, Delphi-based Expert Forum 1 is discussed in detail. Expert Forum 1 Round 1 is 

presented with separate analyses of the quantitative (Section 5.2.2) and qualitative (Section 

5.2.3) components. After discussing the interview findings, the second round of Expert Forum 

1 is explored (Section 5.2.4). The top ten categories of MoPs were identified by analysing the 

results. The relevant MoPs were refined to identify the corresponding critical measures (Section 

5.3), leading to Expert Forum 2 Round 1 (Section 5.4), which obtained feedback via an online 

questionnaire. As consensus on the CMoPs was not achieved, a second round of follow-up 

interviews was conducted, as presented in Section 5.4.2. Subsequently, the CMoPs were further 

refined, shortlisted and subjected to a third round in which consensus regarding the CMoPs was 

achieved (Section 5.4.3). Subsequently, using Fuzzy AHP, corresponding weights were 

calculated based on pairwise comparisons done by the experts (Section 5.5).   

 Expert Forum 1: Ranking categories of measures of performance 

Expert Forum 1 was conducted with the participation of five experts, as detailed in Section 

4.8.5. The ultimate objective of this Delphi-based expert forum was to shortlist the ranked 

categories of MoPs. The process involved in the multi-round Expert Forum 1 is presented as a 

flow diagram in Figure 5.1. 
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category of MoP and answer the three questions for each one. A summary of the answers 

provided by the experts is presented in Table 5.1. For each category of MoP, the frequencies of 

the ratings are listed under each question (Q1, Q2 and Q3). As an example, for RM.MoP, 

regarding the measurability from project records (Q1), two experts had given a rating of 

‘Neutral’ while three had given a rating of ‘High’.  

Table 5.1 - Summary of ratings from Expert Forum 1 Round 1 

 Frequencies of the ratings 

Code Category of 

MoP 

Measurability from 

project records (Q1) 

Controllability by the 

contractor (Q2) 

Significance to project 

performance (Q3) 
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RM. MoP Risk 

management 

0 0 2 3 0 0 0 3 1 1 0 1 0 1 3 

EP. MoP Environmental 

performance 

0 0 1 3 1 0 0 0 2 3 0 0 2 2 1 

CN. MoP Contractual 

performance 

0 1 0 4 0 1 1 2 0 1 0 1 0 1 3 

HR. MoP Human 

resources 

strength 

0 1 1 3 0 0 0 0 0 5 0 0 0 1 4 

HS. MoP Health & safety 

performance 

0 0 0 0 5 0 0 0 0 5 0 0 0 1 4 

PM. MoP Project manager 

capability 

0 3 2 0 0 0 0 0 0 5 0 0 0 1 4 

SS. MoP Subcontractor/ 

supplier strength 

0 2 0 2 1 0 0 1 1 3 0 0 0 2 3 

PC. MoP Project specific 

characteristics 

0 1 3 1 0 2 1 2 0 0 0 0 1 3 1 

FP. MoP Financial 

performance 

0 0 0 1 4 0 0 0 0 5 0 1 2 1 1 

TP. MoP Time 

performance 

0 0 0 3 2 0 0 1 0 4 0 0 0 1 4 

SR. MoP Stakeholder 

relationship 

management 

0 0 2 2 1 0 2 2 0 1 0 0 0 5 0 

TE. MoP Training and 

education 

0 1 0 3 1 0 1 0 1 3 0 0 3 1 1 

LS. MoP Level of 

satisfaction 

1 0 1 1 2 0 1 2 1 1 0 0 1 3 1 

PT. MoP Procurement 

maturity 

0 2 1 2 0 0 1 0 1 3 0 1 0 2 2 

PP. MoP Project planning 

performance 

0 1 1 1 2 0 0 0 2 3 0 0 0 1 4 

CC. MoP Client and 

consultant 

capabilities 

0 3 1 1 0 2 3 0 0 0 0 0 0 3 2 
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 Frequencies of the ratings 

Code Category of 

MoP 

Measurability from 

project records (Q1) 

Controllability by the 

contractor (Q2) 

Significance to project 

performance (Q3) 
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QP. MoP Quality 

performance 

0 0 0 2 3 0 0 0 0 5 0 0 0 0 5 

CM. MoP Communication 

capability 

1 1 2 1 0 0 0 0 3 2 0 0 1 1 3 

CO. MoP Contractor’s 

organisational 

ability 

1 0 0 4 0 0 0 1 0 4 0 1 3 0 1 

SE. MoP Scope and 

expectations 

achievement 

0 1 2 1 1 1 0 4 0 0 0 0 1 3 1 

EE. MoP Economic 

environment 

1 0 0 3 1 2 1 0 1 1 0 0 1 3 1 

EX. MoP Experience in 

similar projects 

0 0 0 2 3  0 0 0 2 3 0 0 1 2 2 

PR. MoP Productivity 

achievement 

0 1 0 2 2 0 0 1 1 3 0 0 0 2 3 

PE. MoP Political 

environment 

1 2 0 2 0 3 2 0 0 0 1 1 1 2 0 

EQ. MoP Plant, equipment 

and material 

resources  

0 1 1 2 1 0 1 1 1 2 0 1 0 1 3 

NE. MoP Natural 

environment 

0 0 1 1 3 4 0 1 0 0 0 1 1 2 1 

TI. MoP Technology and 

innovation 

capability 

0 2 1 2 0 0 1 0 3 1 0 1 1 3 0 

CP. MoP Cost 

performance 

0 0 1 0 4 0 0 0 2 3 0 0 0 1 4 

 

The experts were encouraged to answer Q1, Q2 and Q3 for each category of MoPs in a ‘thinking 

out loud’ approach so that they could explain their reasons for giving a particular rating. It was 

conducted in a manner similar to semi-structured interviews, and that portion of the study was 

qualitatively analysed separately (Section 5.2.3).  

5.2.2 Expert Forum 1 Round 1: Data analysis (Quantitative) 

Descriptive statistics were computed, including the mean and standard deviation of the experts’ 

answers to Q1, Q2 and Q3 for all categories of MoPs. The results of these ratings are presented 

in Table 5.2, where the categories of MoPs are ranked based on the overall group mean ratings. 

The results for Q1 show that the top five categories of MoPs that can be quantitatively measured 
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from project records were health and safety performance, financial performance, quality 

performance, experience in similar projects, and cost performance. These five categories of 

MoPs obtained a mean rating of 4.6 out of 5. Kendall’s coefficient of concordance (W) is a 

measure of the degree of agreement between experts regarding their ratings for the categories 

of MoPs. For Q1, the W-value was 0.482, indicating a fair degree of consistency of the ratings. 

However, according to Cheung and Chan (2011), if the number of elements is more than seven, 

the chi-square (X2) provides a better approximation than W. Based on X2 distribution, the critical 

value of X2 for 27 df at p = 0.05 is 40.113, which is less than 65.118. This confirms that there 

was inter-expert agreement for Q1 in round 1.     

The results for Q2 show that the top five categories of MoPs that were within the control of the 

contractor were health and safety performance, financial performance, quality performance, 

human resources strength, and project manager capability. All these five categories of MoPs 

obtained the equal maximum rating, leading to a mean rating of 5.00. For this question, the W-

value was 0.642, indicating a relatively high degree of consistency in the ratings compared to 

those for Q1. The X2-value (86.707) was larger than the critical value of 40.113. Therefore, Q2 

in round 1 also had inter-expert agreement. Similar to Q1 and Q2, the mean and standard 

deviation of the expert ratings for Q3 were computed. Accordingly, based on the mean ratings, 

the top seven categories of MoPs significant to project performance were quality performance, 

health and safety performance, time performance, cost performance, human resources strength, 

project manager capability, and project planning performance. All these seven categories of 

MoPs had a mean rating of 4.80 or above on a scale of 5.00. In Q3, the W-value was 0.408, 

indicating a fair degree of consistency in the ratings. The X2-value (55.092) was larger than the 

critical value of 40.113. Therefore, Q3 also had inter-expert agreement in round 1. 

As described in Section 4.8.5, the three questions in round 1 were assigned different weights 

based on their relevance to the study. To calculate the overall group mean rating (weighted) of 

the categories of MoPs, the respective group mean ratings for Q1, Q2 and Q3 were multiplied 

by their respective weights and summed. For example, the overall group mean rating for health 

and safety performance was calculated as shown below: 

   Overall group mean rating for      = (5.00 × 50%) + (5.00 × 30%) + (4.80 × 20%) = 4.96 

   health and safety performance 

Overall group mean ratings were calculated (as shown in Table 5.2) and the subsequent analysis 

was conducted similar to those for Q1, Q2 and Q3.    
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The top ten categories of MoPs that achieved a group mean rating of 4.14 or above were health 

and safety performance, quality performance, cost performance, financial performance, time 

performance, experience in similar projects, project planning performance, productivity 

achievement, human resources strength, and environmental performance. Political environment 

scored lowest in all three questions and was thereby ranked the lowest in the group ratings as 

well. Interestingly, only health and safety performance, quality performance, and time 

performance were ranked among the top ten for each of the three questions and in the overall 

group rating. Further, although environmental performance and financial performance were 

rated very low with reference to Q3 (How significant is it towards the performance of a 

project?), they were ranked in the top ten overall. This is due to the higher ratings achieved by 

those two categories of MoPs in terms of Q1 and Q2. Although there were significant numbers 

of categories of MoPs with standard deviations greater than 1.00 when calculated individually 

for Q1, Q2 and Q3, the standard deviations for group ratings were less than 1.00 in all cases. 

Therefore, the data points were closer to the mean values in the overall group rating than in the 

individual ratings.  

In the overall rating, the W-value was 0.620, indicating a reasonably high degree of consistency 

in the ratings. The Χ2-value (83.684) was larger than the critical value of 40.113. Therefore, the 

overall rating in round 1 indicates inter-expert agreement. This concludes the quantitative data 

analysis of round 1. The next section presents the qualitative data analysis. 

5.2.3 Expert Forum 1 Round 1: Data analysis (Qualitative) 

During the one-to-one sessions with the experts, they expressed their views while completing 

the questionnaire by rating the categories of MoPs according to each question (Q1, Q2 and Q3). 

They explained the reasons for their responses and provided additional comments as well. All 

the interviews were recorded, transcribed verbatim, coded and subjected to content analysis, as 

explained in Section 4.11.2. For each expert, every original statement was assigned a unique 

reference code in the first step. Next, the interpreted statements were developed from the 

original statements, expanding the assigned codes. Finally, the interpreted statements were 

categorised according to the 28 categories of MoPs. After repeating the same steps for each of 

the experts, a final list of categorised and interpreted statements were prepared for the 28 

categories of MoPs (Appendix 8). The subsequent sections discuss the results of the qualitative 

analysis.   
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Risk management (RM. MoP)   

The ratings provided by the experts were either neutral or high for Q1, Q2 and Q3 for Risk 

management (RM. MoP; refer to Table 5.1). Expert E5, who rated ‘High’ for the measurability 

of risk management, mentioned how they, as a tier 1 contractor, would build a risk model based 

on ISO 31000 (Ref: EF1R1/E5/A2/S2). This implies a possible measure (usage of an ISO-based 

risk model) that can be considered under RM. MoP.  

Most of the experts had a neutral view of contractors’ controllability of risk management. 

Expert E3 stated that low-performing contractors would not plan for contingencies properly and 

would be susceptible to risk events that were otherwise avoidable. For example, such a 

contractor would not spend a day to cover up the site properly prior to a forecast large storm, 

which could minimise or completely avoid any damage (Ref: EF1R1/E3/A6/S14). The level of 

control of risk management by the contractor depends on the level of risk-sharing by the parties 

to the contract. For example, Expert E1 highlighted that some government clients have very 

little flexibility in their risk profiles. E1 further stated, “I think it depends on the client as well 

and how much risk they are trying to push down along. So it’s a 50:50” (Ref: EF1R1/E1 

/A7/S1).   

However, Expert E5 rated risk management under very high control by the contractor. This 

could be based on the fact that E5 mentioned that contractors play a part in managing their own 

risks using different risk management software and other tools (Ref: EF1R1/E5/A2/S2). 

Especially for larger projects, they would employ ‘Methods Engineers’ to help reduce risk and 

improve the overall coordination of site activities (Ref: EF1R1/E5/A5/S7). Additionally, the 

predominant type of contract the experts had been involved in may have influenced their rating 

in this situation, considering the flexibility of clients in sharing risks. Significance towards 

project performance received mixed responses, where three of the experts rated it to be ‘Very 

high’, while Expert E1 rated it as ‘Low’. Overall, the experts did not comment specifically 

about the ratings they provided for Q3.  

Environmental performance (EP. MoP) 

The overall responses by the experts were mostly ‘High’ and ‘Very high’ for the three questions 

asked about EP.MoP (refer to Table 5.1). Two of the experts mentioned that construction waste 

is quantitatively measured well, while environmental infringements and associated fines could 

also be measured (Ref: EF1R1/E1/A9/S2). However, Expert E2 highlighted that although waste 
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receipts are done well, environmental inspections are done poorly (Ref: EF1R1/E2/A2/S1). 

Further, Expert E2 provided a ‘Tenderer Questionnaire’ used by their organisation, which 

included some additional measures related to environmental performance, such as the number 

of environmental prosecutions in the past five years and number of pollution incidents. The 

measurability of environmental performance was evident from the comments and ratings 

provided by the experts.  

All of the experts were in agreement that control by the contractor was high for EP.MoP. Similar 

to the ratings received for measurability, the responses for significance towards project 

performance were also distributed between neutral and high values. Expert E1 gave a neutral 

rating and commented, “You can build a great project and have a terrible waste record” (Ref: 

EF1R1/E1/A10/S3). They gave a contrasting comment, stating that if a site is well-maintained 

with good waste management, it reflects the overall proper management of the project (Ref: 

EF1R1/E1/A10/S4). Although Expert E1 stated that waste records can be neglected in a project 

with good performance, they later agreed that waste management reflects project management 

and, therefore, is somewhat significant. According to Expert E5, the impact on overall project 

performance of environmental performance only depends on the type of project. Accordingly, 

environmental performance is significant if it is a government project. If it is for a private client, 

it may not be that relevant (Ref: EF1R1/E5/A2/S3). However, Expert E4 highlighted the 

importance of environmental performance-based KPIs, stating that they are becoming more 

relevant with concepts like Zero-Carbon projects (Ref: EF1R1/E4/A1/S1). 

Contractual performance (CN. MoP) 

Experts’ responses in relation to CN.MoP varied across its three questions (refer to Table 5.1). 

The ‘High’ rating for measurability given by Expert E1 was backed by them stating that 

contractual changes negotiated at the beginning, prior to signing, can be counted (Ref: 

EF1R1/E1/A11/S5). For example, proposed changes to a contract can be compared across a 

matrix, identifying the source as client or contractor. Although Expert E3 rated the 

measurability of CN.MoP as the lowest, they commented on another MoP, stating that 

‘disputes, claims, contract notices’ are some of the attributes that can be measured that are quite 

relevant to this MoP as well (Ref: EF1R1/E3/A2/S4).  

The responses in relation to the level of contractor control were divided, highlighting the 

client’s influence over contracts. Experts E1 and E3 who rated it neutrally were of the view that 
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the contractor and client are equally responsible. Expert E3 noted that although the flexibility 

to change the contract is dictated by the client, proper contract management is within the 

contractor's control (Ref: EF1R1/E3/A1/S1). In contrast, Experts E4 and E5 gave lower ratings. 

Expert E4 stated that even if a contractor has a say in a contract, they “would not push back too 

much” (Ref: EF1R1/E4/A2/S3). Therefore, depending on the contractual arrangement, the 

control of the contractor varies a lot. This, in fact, relates to RM.MoP, where risk management 

and risk sharing are discussed. Expert E5 highlighted that defence-related construction projects 

are much better as they use proper risk-sharing mechanisms (Ref: EF1R1/E5/A3/S4). In 

contrast to all other experts, E2 commented that CN.MoP was very much within the control of 

the Contractor. However, they did not explain the particular reasons.  

With reference to the significance to project performance, the lowest rating provided by Expert 

E1 was backed by the reasoning that “You can leave the contract in the bottom drawer and just 

do right by the client” (Ref: EF1R1/E1/A11/S6). However, the rest of the experts were of the 

opposing opinion and considered it to be very significant to project performance. It was 

specifically highlighted by Expert E3, who stated that the impact on performance cannot be 

underestimated due to behaviours being influenced by contractual arrangements (Ref: 

EF1R1/E3/A7/S15).  

Human resources strength (HR.MoP) 

It was apparent from the frequencies of responses that controllability (Q2) and significance to 

project performance (Q3) have very high agreement, while measurability (Q1) has mixed 

responses (refer to Table 5.1). Expert E1 was positive that data is readily available, such as rates 

of retention, percentage of indigenous people employed and numbers of female full-time 

employees (Ref: EF1R1/E1/A12/S7), based on their own experience in contracting 

organisations. In contrast, Expert E5 rated it the lowest and Expert E4 gave it a neutral rating. 

Expert E2 stated that aspects like morale or experience are hard to measure (Ref: 

EF1R1/E2/A5/S4).  

Considering the level of control by the contractor, Expert E1 stated that HR.MoP was in high 

control of the contractor. In terms of significance to project performance, Expert E5 highlighted 

that it is crucial to have the right staff (Ref: EF1R1/E5/A4/S5). In particular, E5 noted that 

inexperienced graduates who are put in charge of complex projects without proper mentors are 

responsible for causing more issues within projects. Expert E2 added that assigning the right 
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number of people to a project is almost a gut instinct based on a project's size (Ref: 

EF1R1/E2/A4/S3). Therefore, the overall project performance can be impacted by human 

resource capabilities.  

Health and safety performance (HS.MoP) 

It is clear from the responses that experts unanimously considered HS.MoP to be a very 

important category of MoP, as it scored highest in the three aspects of measurability, 

controllability and significance (refer to Table 5.1). Expert E4 stated that, aside from making 

profit, health and safety performance is one of the most important targets for a contractor (Ref: 

EF1R1/E4/A2/S4). In addition to the measures identified in the questionnaire, Expert E1 listed 

several measures that were recorded by their organisation (Ref: EF1R1/E1/A13/S9 and 

EF1R1/E1/A14/S10): 

 Number of times workers were drug and alcohol tested, and failure rate 

 Number of Safe Work Method Statements (SWMS) reviewed  

 Number of safety inspections conducted 

 Number of pre-start meetings and tool-box talks 

Further, Expert E2 provided a ‘Tenderer Questionnaire’ document in which there were 

additional measures suitable for HS.MoP (Ref: EF1R1/E2/A6/S5): 

 Number of occupant health and safety-related prosecutions in the last five years 

 Number of notices and fines received from health and safety regulators 

 Number of incidents notifiable to a regulator 

 Safety-related innovations undertaken in the last two years 

 Safety-related accreditations such as AS/NZS 4801 

Overall, HS.MoP was unanimously rated as very much under the control of the contractor. 

Expert E1 stated that health and safety is highly within the control of the contractor, and is also 

a legal obligation (Ref: EF1R1/E1/A14/S11). Expert E5 added methods that engineers utilise 

in complex projects to help reduce risks and safety incidents and to build without affecting other 

people (Ref: EF1R1/E5/A5/S7). Significance to project performance was also rated highly. This 

was supported by Expert E1’s comments that having good health and safety-related metrics can 

indicate overall project success (Ref: EF1R1/E1/A14/S12). Site cleanliness can be significantly 

correlated to the number of safety incidents at a worksite (Ref: EF1R1/E1/A14/S13) and, if 

construction activities are too rushed, accidents are more likely to occur (Ref: 

EF1R1/E1/A14/S14). The significance to project performance was further confirmed by Expert 
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E2 from the perspective of a developer/client: that they take up health and safety issues as a 

breach of contract when contractors perform poorly (Ref: EF1R1/E2/A4/S2). 

Project manager capability (PM.MoP) 

Measurability was rated either low or neutral for PM.MoP by the experts (refer to Table 5.1). 

Generally, they commented that the project manager’s capability is subjective and difficult to 

measure. In terms of Q2, all experts rated it to be under the very high control of the contractor, 

especially considering that it was the contractor-appointed project manager. 

All the experts believed that the project manager’s (PM) performance is highly significant to 

project performance. Expert E1 highlighted that it directly affects whether a project will succeed 

or not (Ref: EF1R1/E1/A15/S15). Expert E4 also explained the importance of a ‘Methods 

Engineer’ who, in fact, is an advanced role of a PM. Expert E1 raised another aspect of having 

a good PM—that it affects procurement in some cases. For example, in health infrastructure-

related projects, which are very complicated, it is likely that some projects are won based on 

the proposed project manager and their team (Ref: EF1R1/E1/A15/S16). This shows how 

significant it is to project performance that clients even tend to assess the prospective PM when 

awarding a project. Similarly, Expert E2 related their experience and stated that as a client, if a 

contractor's PM demonstrates a lack of understanding and poor competence, that would 

definitely be considered in assessing that contractor (Ref: EF1R1/E2/A13/S6). Based on the 

above analysis, PM.MoP was confirmed to be highly relevant to project performance, although 

it is very hard to quantify or measure. 

Subcontractor/supplier strength (SS.MoP) 

Mixed responses were received from the experts regarding the measurability of 

subcontractor/supplier strength from project records (refer to Table 5.1). Expert E5, however, 

was positive that it was easily measurable, stating that a form of matrix can be set up to check 

the performance of subcontractors based on delays, timing of material delivery, etc. (Ref: 

EF1R1/E5/A7/S8). 

Q2 was rated more towards the higher side, with the experts rating it as ‘high’ or ‘very high’. 

They were generally in agreement that the contractor has full control over hiring or changing 

the subcontractors or suppliers. However, Expert E1 justified their neutral rating, describing a 

different scenario where the hiring of subcontractors is influenced by other factors. For 
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example, due to union requirements, certain union-approved subcontractors may have to be 

used in certain high-profile jobs despite them not being the best performers (Ref: 

EF1R1/E1/A15/S18). This can significantly affect the overall performance of such projects, 

thereby showing the heavy influence of subcontractors (Ref: EF1R1/E1/A15/S17). 

Furthermore, the rest of the experts were also in agreement that it is highly significant to overall 

project performance.   

Project-specific characteristics (PC.MoP) 

The measurability of project-specific characteristics was rated neutrally by the experts, who 

stated that it is hard to quantify from project records (refer to Table 5.1). However, Expert E3, 

who rated it as ‘high’, did not comment on his rating. ‘Controllability by the contractor’ was 

generally rated as low or neutral. Expert E1 specifically mentioned that the project-specific 

characteristics are beyond the control of the contractor (Ref: EF1R1/E1/A16/S19). For 

PC.MoP, Q3 was rated more highly, indicating that it is highly significant to overall project 

performance. With regard to this, Expert E3 stated that proper attention should be paid to 

geotechnical design, as it significantly affects the entire risk of a project (Ref: 

EF1R1/E3/A11/S18).   

Financial performance (FP.MoP) 

All the experts rated the measurability of financial performance as ‘high’ or ‘very high’ (refer 

to Table 5.1). It was implied that financial details are commonly used in procurement when 

selecting a prospective contractor and, therefore, are highly measurable. These details can either 

be requested (for private organisations) or are publicly accessible as annual financial reports 

for publicly listed companies (Ref: EF1R1/E1/A16/S20).  

Similarly, all experts unanimously agreed that financial performance is very highly controlled 

by the contractor. However, Q3 (significance to project performance) received mixed 

responses. Expert E4, who rated it to be of low significance, stated that it is not important to a 

project. In contrast, Expert E2, who rated it as ‘very high’, stated that clients need to have a 

level of comfort when investing in a project and, if the contractor is struggling financially, it 

will reflect on the project as well (Ref: EF1R1/E2/A18/S8). Therefore, this implies that the 

contractor’s financial background is related to project performance.  
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Time performance (TP.MoP) 

The measurability of TP.MoP was rated highly by the experts (refer to Table 5.1), who stated 

that all the records are readily available for any project. An exception was Expert E5, who stated 

that some organisations do not keep records properly (Ref: EF1R1/E5/A9/S9). As an additional 

metric, Expert E4 proposed that liquidated damages can be considered as a KPI of timely 

completion (Ref: EF1R1/E4/A1/S2). For Q2 (Within the control of the contractor), all experts 

rated it very high, except for E2. Expert E1 added that time performance can also be impacted 

by the union actions of some subcontractors, which may be beyond the control of the contractor. 

For example, in some high-profile projects, certain specific subcontractors have to be used that 

have the support of certain unions. A recent proposal by such a union to reduce construction 

worker hours was highlighted as an example of how time performance can be impacted (Ref: 

EF1R1/E1/A16/S21). All the experts agreed that TP.MoP is highly significant to project 

performance.  

Stakeholder relationship management (SR.MoP) 

The measurability of SR.MoP was rated as between neutral and high by the experts (refer to 

Table 5.1). Expert E1 commented that it can be quantified but is more subjective. While E4 and 

E5 were neutral, Expert E3 rated it as very high and explained potential measures that can 

provide a snapshot of stakeholder relations (Ref: EF1R1/E3/A2/S3 and EF1R1/E3/A2/S4):  

 Email traffic, frequency of email and size of data contained 

 Length and volume of meetings (longer, regular meetings may indicate adversarial 

relationships) 

 Disputes, claims and contract notices 

Q2 (within control of the contractor) received mixed responses from the experts. Expert E1 

rated it as very high, stating that for complex projects with live environments such as hospitals, 

there are personnel appointed solely to manage stakeholders (Ref: EF1R1/E1/A16/S22). Expert 

E2 also had a similar view, highlighting the emergence of new roles that are focussed entirely 

on stakeholder management, stating that ‘development managers’ have a higher level of 

emotional intelligence and skills in managing stakeholder engagement (Ref: 

EF1R1/E2/A20/S9).   

Regarding Q3, the experts unanimously rated it as high. Experts E1 and E4 added that hospital-

sector projects are stakeholder management-heavy. Further, public-private partnership projects 
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have a lot of stakeholders as well. Therefore, the significance can vary in terms of the level of 

involvement of stakeholders in a particular project (Ref: EF1R1/E4/A3/S5).  

Training and education (TE.MoP) 

The measurability of training education was generally rated highly, except by Expert E4 (refer 

to Table 5.1). Expert E1 stated that information regarding training and education is typically 

reported (Ref: EF1R1/E1/A17/S23). Similarly, controllability was also rated highly, except by 

Expert E3, who did not explain the reason for their rating. In terms of significance to project 

performance, the responses ranged between neutral and high. Expert E4 rated it as very high, 

mentioning that training and education are very important to project performance and are often 

undervalued (Ref: EF1R1/E4/A3/S6).  

Level of satisfaction (LS.MoP) 

The experts’ responses for the measurability of LS.MoP (refer to Table 5.1) were highly spread. 

Experts E2 and E3 rated it as very high and listed some measures of satisfaction that are used 

in the industry (Ref: EF1R1/E2/A23/S10 and EF1R1/E3/A5/S7): 

 Resale, multiple purchases 

 Referrals 

 Subscription-based benchmarking to assess client satisfaction 

The importance of client satisfaction was further highlighted by Expert E3, who stated that in 

their organisation, a project is not allowed to financially close out until client satisfaction 

feedback has been obtained (Ref: EF1R1/E3/A5/S8). Controllability by the contractor (Q2) was 

also rated with a heavy spread. However, none of the experts explained the reasons for their 

ratings.  

In terms of significance to project performance, the ratings tended to be high. Expert E1, who 

rated the significance as ‘high’, was of the view that project success is correlated to the level of 

satisfaction of the parties involved, which reflects the success of the project itself (Ref: 

EF1R1/E1/A18/S25). Further, E1 stated that if the client is satisfied with the quality of the 

outcome, they may re-appoint the contractor for the next stages of the project despite time or 

cost overruns (Ref: EF1R1/E1/A19/S26). This reinforces the fact that a lot of repeat business 

is based on client-contractor interactions throughout a project (Ref: EF1R1/E1/A26/S36).  
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Procurement maturity (PT.MoP) 

Measurability of PT.MoP received a spread of responses between low and high (refer to Table 

5.1). Experts E1 and E2 commented that procurement maturity is hard to quantify and is more 

complex in large-scale projects. However, Expert E3 was of the view that procurement 

schedules, share of wallets (how many times a company has bid on projects and how many they 

have won) can be measures of procurement-related performance (Ref: EF1R1/E3/A6/S11).  

In terms of Q2, the responses were mostly high and very high; except for E1, who rated the 

question low. Although none of the experts who rated it high gave explanations, it could be due 

to the way they understood procurement maturity to mean. Although it was meant to discuss 

the client’s procurement arrangements, the majority of the experts may have understood it 

differently. Expert E1 rated Q3 as low, while others gave high ratings. Expert E5 opined that 

procurement maturity and its impact on overall performance is underestimated (Ref: 

EF1R1/E5/A11/S10). Expert E3 confirmed this by stating that procurement methods such as 

‘management contracting’ prove the level of performance that an entire project can achieve, 

citing an example of the Woolgoolga and Ballina bypass road (Ref: EF1R1/E3/A8/S16).   

Project planning performance (PP.MoP) 

Measurability of PP.MoP received mixed responses from the experts, ranging from ‘low’ to 

‘very high’ (refer to Table 5.1). All the experts rated Q2 highly, implying that project planning 

is within the contractor’s control. Based on his tier 1 contractor experience, Expert E5 stated 

that they employ ‘Methods Engineers’ to plan complex projects, who plan out the exact details 

of the execution of each activity (Ref: EF1R1/E5/A11/S11). All experts rated project planning 

performance to be of high significance to overall project performance. 

Client and consultant capabilities (CC.MoP) 

The measurability of CC.MoP was rated low or neutral, except by Expert E3 (refer to Table 

5.1). However, Expert E3 did not provide a reason. All experts agreed that client and consultant 

capabilities are not within the control of the contractor, based on their low ratings. In contrast, 

all experts rated its significance to project performance as high or very high. Expert E1 

supported this, stating that client and consultant capabilities can significantly affect the 

performance of a project (Ref: EF1R1/E1/A20/S27). 
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Quality performance (QP.MoP) 

The experts were in high agreement in all three aspects of QP.MoP (refer to Table 5.1). In 

addition to the measures identified from the literature, Expert E1 added two more possibilities 

(Ref: EF1R1/E1/A20/S28): 

 Pre-settlement inspections (mostly for apartments) 

 Number of projects in litigation due to defects arising during a 7-year structural 

warranty period 

In addition to the above, Expert E2 stated that as a client/developer, they expect tenderers to be 

accredited in the ISO quality 9001 standard (Ref: EF1R1/E2/A6/S5). This implies that quality 

can be measured based on accreditation by an international standard, and is considered to be 

significant to project performance. The experts unanimously rated Q2 and Q3 as very high. 

Expert E5 added that quality is very significant to project performance and, if it does not meet 

the required level, the contractors must fix it even seven years after project completion (Ref: 

EF1R1/E5/A14/S12). Hence, the overall impact of quality performance is clear.    

Communication capability (CM.MoP) 

Communication capability received mixed responses from the experts regarding its 

measurability from project records (refer to Table 5.1). Expert E3, who rated neutrally, 

mentioned that at the site level, communication capability is more related to toolbox talks and 

site meetings (Ref: EF1R1/E3/A6/S12); while externally, it can be measured by email traffic 

and other correspondence rates (Ref: EF1R1/E3/A2/S2). Expert E5 supported this view, stating 

that unnecessary email traffic can affect the performance of key project staff members (Ref: 

EF1R1/E5/A17/S13).   

Expert E2 opined that it is more important to have fewer effective meetings than more meetings 

(Ref: EF1R1/E2/A25/S11). Expert E4 added that projects for which monthly meetings are not 

held are automatically flagged in their systems (Ref: EF1R1/E4/A3/S7). He further stressed the 

importance of having regular meetings and how infrequent meetings can indicate poor project 

performance. All experts rated Q2 to be higher for CM.MoP. Q3 was also rated highly except 

for one response being neutral. Expert E3 reiterated the significance of communication 

capability to project performance, stating that it is possible to map out a site’s performance from 

emails in terms of how well the site offices are connected to the head office (Ref: 

EF1R1/E3/A3/S5). If connected well to the head office, sites generally perform better.    
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Contractor’s organisational ability (CO.MoP) 

The measurability of CO.MoP was rated as high by the experts, except for one very low rating 

by Expert E4 (refer to Table 5.1). However, E4 did not provide a reason for that rating. Expert 

E1 stated that organisational abilities, such as reputation and market share, may be hard to 

quantify and control as well (Ref: EF1R1/E1/A20/S29). Q2 of CO.MoP received a very high 

rating, except for one neutral rating by Expert E1. Significance to project performance received 

a mixed response, from low to high with more neutral views. Expert E4 explained their neutral 

rating, stating that a project reflects only an individual group of people and, hence, is not 

impacted by organisational capabilities (Ref: EF1R1/E4/A5/S8).    

Scope and expectations achievement (SE.MoP) 

Based on the experts’ ratings, SE.MoP received mixed responses (refer to Table 5.1). Expert 

E2 gave a very high rating, stating that it is highly measured in terms of expectations and 

achievements. However, no examples or further details were provided. For Q2, all experts 

except one had a neutral view. The significance of SE.MoP to project performance obtained 

rather high ratings. However, there were no specific comments from the experts.  

Economic environment (EE.MoP) 

All experts gave a high rating for the measurability of EE.MoP, except for Expert E4 who gave 

a very low rating (refer to Table 5.1). In terms of Q2, the responses were spread between low 

and high. Expert E4 justified their ‘high’ rating, stating that although certain allowances are 

made for possible changes in the economy, the effects of any changes depend on their severity. 

While long-term economic impacts are passed on to the developer (client), short-term economic 

impacts are likely to be passed on to subcontractors, hence, to the contractor's side (Ref: 

EF1R1/E4/A6/S9). Further, Expert E5 justified their ‘very high’ rating for Q2 by highlighting 

that the economic environment is within the contractor's control because they should keep track 

of price indices and model escalation properly and observe foreign exchange variations (Ref: 

EF1R1/E5/A19/S14). Expert E1 opposed this view, stating that the economic environment is 

not within the contractor's control, giving an example of the effect of the COVID-19 pandemic 

(Ref: EF1R1/E1/A20/S30). With regard to Q3, the responses were mostly higher ratings.  
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Experience in similar projects (EX.MoP) 

Experience in similar projects was rated highly by all experts in terms of its measurability (refer 

to Table 5.1). Expert E1 was of the view that a lot of information regarding past projects is 

provided by the contractors anyway in their Expression of Interest documents (Ref: 

EF1R1/E1/A21/S31). The experts gave similar ratings for Q2 and Q3. Expert E3 highlighted 

the importance of experience in similar projects, stating that being a higher tier contractor does 

not automatically make them capable of doing any type of work (Ref: EF1R1/E3/A8/S17). 

Rather, it is important to match the contractors to their strengths. In fact, a poor past track record 

makes it increasingly difficult to win new projects (Ref: EF1R1/E5/A20/S15). 

Productivity achievement (PR.MoP) 

Except for one low rating, most experts rated the measurability of PR.MoP highly (refer to 

Table 5.1). Although most of the experts stated that productivity-related records are available, 

Expert E4 was of the view that it depends on the organisation’s record-keeping ability (Ref: 

EF1R1/E4/A7/S10). Apart from one neutral rating, all others were positive in relation to 

PR.MoP being within the control of the contractor. Further, all experts gave a high rating for 

Q3, indicating that productivity-related measures are significant to project performance.  

Political environment (PE.MoP) 

The experts’ responses were somewhat divided regarding Q1 of PE.MoP (refer to Table 5.1). 

Expert E2 rated it as high, stating that interruptions are heavily measured, implying that 

interruptions are caused by political issues (Ref: EF1R1/E2/A29/S12). With reference to Q2, 

all experts opined that it is not within the control of the contractor. The ratings were also spread 

from ‘very low’ to ‘high’. Expert E5 opined that the contractor has very low control of the 

political environment, which depends on the policies adopted by the government at a given time 

(Ref: EF1R1/E5/A20/S16).  

With regard to the significance to project performance, Experts E4 and E5 both discussed the 

impacts of elections and changes of government on construction projects. Expert E5 stated that 

an election mode where a caretaker government is in place could, at times, be prolonged, 

leading to a drop in the economy (Ref: EF1R1/E5/A20/S17). Hence, they rated its significance 

as high. Expert E4 expanded on this, stating that the impact is high only for specific projects. 

Accordingly, transition to a caretaker mode of government will affect large government projects 
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but will have a minor effect on private projects (Ref: EF1R1/E4/A8/S11). Hence, it is clear that 

the impact on project performance can vary. 

Plant, equipment and material resources strength (EQ.MoP) 

The measurability of plant, equipment and material resources strength received mixed 

responses from the experts (refer to Table 5.1). Expert E1, who had rated it ‘high’, gave an 

example of a plant-related measure. The ‘Rider Levell Bucknel (RLB) Crane Index’ is an 

indicator of the construction industry’s status that is based on the number of tower cranes 

present at a given time (Ref: EF1R1/E1/A22/S32). Although this is more of an economic 

indicator, it implies that such a measure can potentially be used for contractor performance as 

well. Expert E5, who rated similarly to E1, stated that all data about their own machinery—

their availability, capacity and efficiency—are well-recorded, making machinery resources 

easily measurable (Ref: EF1R1/E5/A21/S18). Q2 also received mixed ratings, ranging from 

low to very high, while Q3 received a higher rating, except for only one low rating. However, 

none of the experts provided justifications for their ratings.  

Natural environment (NE.MoP) 

The ratings provided by the experts of the measurability of the natural environment were mostly 

high and very high (refer to Table 5.1). Experts E1 and E3 referred to weather records, site 

weather diaries and geological data in support of this aspect (Ref: EF1R1/E1/A23/S33 and 

EF1R1/E3/A6/S13). Almost all experts rated Q2 of NE.MoP as very low, except for one neutral 

rating. The significance to project performance had mixed ratings ranging from low to very 

high. Experts E3 and E5 highlighted the importance of doing proper geotechnical design and 

assessing latent ground conditions, as those things significantly affect the entire risk of a project 

(Ref: EF1R1/E3/A11/S18 and EF1R1/E5/A22/S19).    

Technology and innovation capability (TI.MoP) 

The measurability of technology and innovation received ratings between low and high (refer 

to Table 5.1). Expert E2 mentioned that it is not measured but should be (Ref: 

EF1R1/E2/A31/S13). Expert E4 came up with a list of possible measures (Ref: 

EF1R1/E4/A10/S12): 

 The types of software systems being used 

 Number of staff who use a particular software package/number of licenses 
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 Type of software used for estimating and benchmarking 

 The interfaces that connect systems 

 The expertise in Building Information Modelling  

The level of control of TI.MoP was rated higher for the contractor, except for a single low 

rating. Interestingly, Expert E4 rated it as low, despite coming up with a list of measures that 

are well within the control of the contractor. Significance to project performance received 

neutral and high ratings along with one low rating by Expert E1. However, Expert E1 explained 

the reason for this rating, stating that despite the use of traditional construction methods, the 

project objectives can still be achieved (Ref: EF1R1/E1/A23/S34). 

Cost performance (CP.MoP) 

The measurability of CP.MoP received very high ratings from the experts (refer to Table 5.1) 

except E1, who had a neutral view, stating that cost-related data may not be readily available 

or disclosed (Ref: EF1R1/E1/A23/S35). With reference to Q2, all the experts were in agreement 

and gave high ratings. Similarly, Q3 also received very high ratings by all experts. Overall, the 

experts rated CP.MoP highly in all three aspects. 

5.2.4 Expert Forum 1 Round 2: Data collection 

The questionnaire for Round 2 was developed based on the questionnaire used in Round 1 but 

with added and revised columns. Three columns were provided for each question (Q1, Q2 and 

Q3), which were headed: ‘Group mean rating in round 1’, ‘Your rating in round 1’ and ‘Your 

rating in round 2’ (Appendix 2). Apart from that, a new column was introduced to show the 

comments made by the experts in Round 1 for each category of MoP. The tailor-made 

questionnaire was circulated among each expert via email and collected to obtain their ratings 

for Round 2.  Table 5.3 provides a summary of the revised ratings at the end of Round 2.  
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Table 5.3 - Summary of ratings from Expert Forum 1 Round 2 

 Frequencies of the ratings 

Code Category of 

MoP 

Measurability from 

project records (Q1) 

Controllability by the 

contractor (Q2) 

Significance to project 

performance (Q3) 
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RM. MoP Risk 

management 

0 0 2 3 0 0 0 3 2 0 0 0 1 2 2 

EP. MoP Environmental 

performance 

0 0 1 3 1 0 0 0 2 3 0 0 2 2 1 

CN. MoP Contractual 

performance 

0 1 0 4 0 1 1 3 0 0 0 0 1 2 2 

HR. MoP Human 

resources 

strength 

0 0 2 3 0 0 0 0 0 5 0 0 0 0 5 

HS. MoP Health & safety 

performance 

0 0 0 0 5 0 0 0 0 5 0 0 0 1 4 

PM. MoP Project manager 

capability 

0 3 2 0 0 0 0 0 0 5 0 0 0 1 4 

SS. MoP Subcontractor/ 

supplier strength 

0 2 1 1 1 0 0 1 2 2 0 0 0 3 2 

PC. MoP Project specific 

characteristics 

0 0 4 1 0 2 1 2 0 0 0 0 1 3 1 

FP. MoP Financial 

performance 

0 0 0 0 5 0 0 0 1 4 0 1 1 2 1 

TP. MoP Time 

performance 

0 0 0 2 3 0 0 1 0 4 0 0 0 1 4 

SR. MoP Stakeholder 

relationship 

management 

0 1 1 2 1 0 1 3 0 1 0 0 0 5 0 

TE. MoP Training and 

education 

0 1 0 3 1 0 0 1 1 3 0 0 2 2 1 

LS. MoP Level of 

satisfaction 

1 0 1 1 2 0 0 2 2 1 0 0 1 3 1 

PT. MoP Procurement 

maturity 

0 2 1 2 0 0 0 1 2 2 0 0 1 3 1 

PP. MoP Project planning 

performance 

0 1 1 2 1 0 0 0 2 3 0 0 0 2 3 

CC. MoP Client and 

consultant 

capabilities 

0 2 2 1 0 2 3 0 0 0 0 0 0 4 1 

QP. MoP Quality 

performance 

0 0 0 2 3 0 0 0 0 5 0 0 0 0 5 

CM. MoP Communication 

capability 

0 0 4 1 0 0 0 0 2 3 0 0 0 3 2 

CO. MoP Contractor’s 

organisational 

ability 

0 1 0 4 0 0 0 0 1 4 0 1 1 2 1 
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 Frequencies of the ratings 

Code Category of 

MoP 

Measurability from 

project records (Q1) 

Controllability by the 

contractor (Q2) 

Significance to project 

performance (Q3) 
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SE. MoP Scope and 

expectations 

achievement 

0 0 3 1 1 0 1 4 0 0 0 0 1 4 0 

EE. MoP Economic 

environment 

0 0 1 3 1 2 0 1 2 0 0 0 1 4 0 

EX. MoP Experience in 

similar projects 

0 0 1 1 3  0 0 1 2 2 0 0 2 2 1 

PR. MoP Productivity 

achievement 

0 1 0 3 1 0 0 1 2 2 0 0 1 2 2 

PE. MoP Political 

environment 

1 1 2 1 0 3 2 0 0 0 1 0 4 0 0 

EQ. MoP Plant, equipment 

and material 

resources 

strength 

0 1 0 3 1 0 0 2 2 1 0 0 1 2 2 

NE. MoP Natural 

environment 

0 0 0 2 3 3 1 0 1 0 0 0 2 2 1 

TI. MoP Technology and 

innovation 

capability 

0 0 4 1 0 0 1 0 3 1 0 1 1 3 0 

CP. MoP Cost 

performance 

0 0 1 0 4 0 0 0 0 5 0 0 0 1 4 

 

Section 5.2.5 provides a quantitative analysis of Expert Forum 1 Round 2. 

5.2.5 Expert Forum 1 Round 2: Data analysis (Quantitative) 

Similar to Round 1, descriptive statistics were computed, including the mean and standard 

deviation of the expert ratings of Q1, Q2 and Q3 (either revised or remained the same after the 

second round), for all categories of MoPs. The results of these ratings are presented in Table 

5.4, where the categories of MoPs are ranked based on the overall group mean ratings.  

Like the descriptive statistical analysis in Round 1 for Q1 (Section 5.2.2), the mean and standard 

deviation of the expert ratings were computed. The notable difference for Q1 was that ‘Natural 

environment’ reached the top ranks. The W-value was 0.510, indicating a relatively high degree 

of consistency in the ratings compared to that for Q1 in Round 1. Accordingly, the consistency 

of the ratings improved by 6.22% at the end of Round 2. Further, the X2 value for this question 
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(68.884) was larger than the critical value of 40.113. Based on these statistics, the inter-expert 

agreement for Q1 improved in Round 2. 

The mean and standard deviation of the expert ratings of Q2 in Round 2 are also presented in 

Table 5.4. The notable difference in the top five MoPs was the inclusion of ‘Cost performance’, 

compared to the same in round 1 (Section 5.2.2). In this situation, the W-value was 0.731, 

showing an increase of 13.86% compared with that in Round 1. Further, the X2-value for Q2 in 

Round 2 (98.700) was larger than the critical value of 40.113. Therefore, Q2 in Round 2 had 

improved inter-expert agreement.  

Similar to the first two questions, the mean and standard deviation of the expert ratings for Q3 

were computed for all categories of MoPs. The results of this rating are also presented in Table 

5.4. Based on the mean ratings in this round, the top seven MoPs remained the same as in Round 

1, although their ranking changed. In Q3 for Round 2, the W-value was 0.475, indicating a fair 

degree of consistency in the ratings. However, this was an improvement of 16.42% compared 

to that of Round 1. Further, the X2-value for this question (64.137) was larger than the critical 

value of 40.113. Therefore, Q3 in Round 2 had higher inter-expert agreement compared to that 

in Round 1. 

In order to calculate the overall group mean rating (weighted) of the categories of MoPs, the 

respective group mean ratings for each question in Round 2 were multiplied by their respective 

weights and summed, as explained in Section 5.2.2.  
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The top ten categories of MoPs had group mean ratings of ≥ 4.00. Their ranking in descending 

order of mean rating was: health and safety performance, quality performance, cost 

performance, financial performance, time performance, human resources strength, experience 

in similar projects, environmental performance, project planning performance and productivity 

achievement. Accordingly, the top five ranks remained the same as in Rounds 1 and 2. Ranks 

6 to 10 remained the same but switched positions. Notably, ‘Human resources strength’ 

increased in rank from ninth to sixth, indicating greater significance was given to that MoP by 

the experts in Round 2. Among other ranks that were below the top ten, ‘Communication 

capability’ showed the greatest increase in Round 2, from 20th to 14th place. Similar to the top-

most ranks, the three bottom ranks also remained the same at the end of Round 2. Compared to 

the overall ratings in Round 1, the number of MoPs with high standard deviations decreased 

significantly in Round 2. For example, there were six MoPs with standard deviations of 0.80 or 

higher in Round 1, while only one MoP (Level of satisfaction) had a standard deviation of 0.94 

in Round 2. 

In the overall rating, the W-value was 0.645, indicating a reasonably higher degree of 

consistency in the ratings, with an increase by 4.03% compared to that for Round 1. The 

concordance analysis showed that the consistency in the experts’ ratings for MoPs in relation 

to Q1, Q2 and Q3 improved over the successive round. This is consistent with Ameyaw et al. 

(2016), who stated the W-value should increase in successive Delphi rounds. Further, based on 

a study of the application of the Delphi method to CEM research by Ameyaw et al. (2016), the 

W-value ranged from 0.234 to 0.600. Therefore, the W-value obtained in the current study is 

more satisfactory compared to the typical range achieved by previous studies in CEM. In 

addition, the X2-value (87.101) was larger than the critical value of 40.113, thereby confirming 

the achievement of consensus among the experts. Therefore, as per Figure 5.1, a feedback loop 

for a third round was not needed as consensus was achieved at the end of the second round in 

Expert Forum 1.  

 Short-listing and refining the top categories of measures of 

performance 

Once Expert Forum 1 was completed, it was necessary to shortlist the top categories of MoPs 

prior to conducting Expert Forum 2. Based on the weights given to Q1, Q2 and Q3, the overall 

rating represented 50% importance for ‘the ability to be quantitatively measured from project 

records’, 30% for ‘the measure being the contractor’s responsibility’ and 20% for ‘the effect on 
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overall project performance’. According to the scale used to rate Q1, Q2 and Q3, the overall 

rating calculated based on the weights was used as the judging criterion for selecting the top-

ranking categories of MoPs to move forward with the reduction process. Therefore, an overall 

rating of 4.0 (equating to “high”) was chosen as the cut-off level. As the experts reached a 

consensus by the end of Round 2, it could be justified that all the categories of MoPs achieving 

a final overall rating of 4.0 or above indicated the group’s preference for shortlisting. 

Accordingly, the top categories of MoPs that were shortlisted were: 

1. Health and safety performance (HS.MoP)    

2. Quality performance (QP.MoP)   

3. Cost performance (CP.MoP)   

4. Financial performance (FP.MoP)  

5. Time performance (TP.MoP)    

6. Human resources strength (HR.MoP)   

7. Experience in similar projects (EX.MoP)  

8. Environmental performance (EP.MoP)  

9. Project planning performance  (PP.MoP) 

10. Productivity achievement (PR.MoP)  

 

The comprehensive literature searches and subsequent combination and categorisation activity 

resulted in 28 categories of measures of performance (Section 2.10). However, the measures 

identified within each category remained unchanged. Since the top categories of MoPs were 

shortlisted via Expert Forum 1, the next step was to explore all the candidate MoPs pooled 

under each category and refine them to propose critical MoPs. The host of MoPs identified 

through the literature and Expert Forum 1 was put through a process of refinement to create a 

shortlist of refined critical measures of performance. To avoid minor variations and lack of 

clarity, the MoPs were viewed in terms of their practical meaning and re-interpreted into 

CMoPs. The choice of proposed CMoPs for each category was explained and justified in 

Sections 5.3.1 to 5.3.10. 
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5.3.1 Health and safety performance: Proposed critical measures of performance 

‘Reported incident rate’ calculates the frequency of occurrence of reportable incidents per 

100,000 worker hours. Even if the number of injuries due to accidents is low, there could be a 

considerable number of incidents recorded at construction sites. The ‘Lost time injury 

frequency rate’ (LTIFR) is a measure of the number of lost-time injuries per total number of 

worker hours, compared to one million worker hours. The ‘Number and amount of fines 

received from health and safety regulators’ was identified as the third option for a critical 

measure. In order to maintain a manageable number of CMoPs, only three were proposed as 

above. While some of the measures identified from the literature collectively relate to the three 

proposed measures, the ones left out were either the least relevant, least measurable or distantly 

related to the proposed measures. For example, ‘Keeping health and safety records’, ‘Having 

an effective health and safety management plan’ and ‘Having favourable working conditions’ 

are rather generic. ‘Number of safety inspections’, ‘Number of pre-start meetings and toolbox 

talks’, and ‘Number of drug and alcohol tests performed’ are some of the important measures, 

which may be relatable to the reported incident rate or LTIFR. In this manner, the three 

proposed measures can be considered representative of the CMoPs under the health and safety 

performance category.       

5.3.2 Quality performance: Proposed critical measures of performance 

‘Number of non-conformance reports’ was proposed as a critical measure that represents 

‘Commitment to achieve expected quality’, ‘Quality of product/freedom of defects’ and ‘High 

quality workmanship’, as it is reasonable to assume that work performed with high quality 

would result in a very low number of non-conformance reports. The next measure, 

‘Construction rework index’, compares the total cost for rework against the total construction 

cost (Nassar & AbouRizk 2014). In terms of defects existing at or after handover of a project, 

the time taken to rectify them can be another important critical measure. Apart from these, 

‘Quality management’, ‘Quality control’, and ‘Quality assurance system maturity’ were 

considered too generic to create specific measures. 

5.3.3 Cost performance: Proposed critical measures of performance 

Cost performance was expressed as ‘Project budget factor’, which is the ratio between the actual 

total project cost and the total project cost estimated at the tender stage plus the approved 

changes (variations/scope changes). It represents other measures such as ‘Preparing accurate 
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initial cost estimates’, ‘Cost deviation’, ‘Cost growth’ and ‘Within budget’. The second 

measure proposed was ‘Cost predictability (construction)’. It is calculated as the difference 

between the actual and estimated construction costs as a percentage of the actual construction 

cost. Apart from these two measures, ‘Unit cost/cost per unit at tender’, ‘Updating the budget 

regularly’ and ‘Cost in use’ were deemed to be less relevant.   

5.3.4 Financial performance: Proposed critical measures of performance 

To cover ‘Having favourable turnover history/growth in revenue’ and ‘Having a favourable 

cash flow forecast’, a critical measure was introduced: ‘Percentage increase in average annual 

turnover in the last five years’. When selecting contractors, in particular, the turnover details of 

the previous three to five years are typically requested. To represent profitability ratios, ‘Gross 

profit margin ratio’ (gross profit/sales revenue) was introduced. ‘Debt ratio’ (total 

liabilities/total assets) was proposed as a measure to represent solvency-related measures such 

as ‘Credit rating’ or ‘Having a favourable credit history’. ‘Being financially stable’ and 

‘Financial planning’ were disregarded as the proposed measures were already representing 

them.    

5.3.5 Time performance: Proposed critical measures of performance 

The majority of time-related measures identified from the literature refer to the ability to 

complete the project on time (e.g. ‘Schedule deviation’, ‘Project time control’, ‘Schedule 

growth’, etc.). Therefore, ‘Time variance’ was introduced as a measure. It is the ratio between 

the increase or decrease in actual total project duration (minus any extension of time granted) 

and the original contract period. The other measure proposed was ‘Time predictability 

(construction)’. It is the ratio of the difference between the actual and estimated construction 

duration as a percentage of the actual construction duration. ‘Time per unit at tender’ and 

‘Updating the schedule/programme regularly’ were considered less relevant as critical 

measures.  

5.3.6 Human resources strength: Proposed critical measures of performance 

As labour strength is one of the important factors considered when selecting contractors, 

‘Adequacy of labour (skilled vs unskilled worker hours)’ was proposed as a measure. This 

measure is supposed to represent measures such as ‘Adequacy of labour/trained resources’, 

‘Effective allocation of manpower’, and ‘Having fulltime employees’. To represent ‘Having a 
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favourable employee culture environment’, ‘Absenteeism’, and ‘Having a contingency plan to 

manage possible turnovers’, the measure ‘Worker turnover rate’ was proposed. It is the ratio 

between the numbers of employees leaving during the project period and the average number 

employed during the project period, calculated as a percentage. Measures related to motivation, 

team spirit, competency, experience, commitment were disregarded due to the complexity of 

their measurement. 

5.3.7 Experience in similar projects: Proposed critical measures of performance 

There were only three measures listed under the category of experience in similar projects. They 

were revised as two measures: ‘Number of similar type and size projects completed’ and 

‘Number of failures in completing a contract’.  

5.3.8 Environmental performance: Proposed critical measures of performance 

‘Volume of total waste removed from site’ was introduced as a critical measure that can 

represent ‘Reduction of waste’ and ‘Having proper waste disposal during construction’. 

Further, ‘Number of environment related complaints and fines’ was included as another critical 

measure under environmental performance. ‘Environmental sustainability’, ‘Environmental 

protection’, ‘Environmental impact’, ‘Environmental management system maturity’ were 

deemed as vague to be included as a measure.    

5.3.9 Project planning performance: Proposed critical measures of performance 

The majority of measures categorised under project planning performance were too vague to 

consider as CMoPs. For example, ‘Change readiness’, ‘Change management’, ‘Project 

understanding’, and ‘Systematic documentation’ lacked proper forms of measurement. 

‘Planning effectiveness’, calculated as the ratio between numbers of activities completed 

against number of activities programmed, was proposed as a critical measure. Another measure 

of ‘Hit rate percentage’ was introduced in place of ‘Planning efficiency’. In this measure, the 

total number of activities with a zero start or finish variance value is compared against the total 

number of activities in a work package.  

5.3.10 Productivity achievement: Proposed critical measures of performance 

Productivity is commonly referred in several ways. However, ‘Labour productivity’ (actual 

work completed/actual labour input) was introduced so that many productivity measures would 
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5.4.1 Expert Forum 2 Round 1: Data collection and analysis 

Round 1 of the second expert forum was carried out as an online questionnaire using ‘Qualtrics’ 

and was shared with the five experts via email. The experts were instructed to select one critical 

measure of performance (CMoP) from each category that best represents contractor 

performance and can be easily obtained from records (Refer Appendix 3). Under each category 

of MoP, all the measures identified from the literature as well as from the previous rounds of 

the expert forums were provided as references. The refined CMoPs proposed were provided as 

options to choose from, along with an ‘other measure’ option where the expert could propose 

their own alternative CMoP. Figure 5.3 depicts a sample question, as it appeared in the 

questionnaire.  

 

Figure 5.3 - Sample question in Expert Forum 2 Round 1 online questionnaire 

 

The online questionnaire was completed and returned by all five experts within three weeks of 

circulation. The responses are presented in Table 5.5.  
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Based on the results, ‘Labour productivity’ was the only unanimously chosen CMoP. ‘Number 

of similar type and size projects completed’ was the next most-agreed-upon choice of CMoP 

by four out of five experts. ‘Worker turnover rate’, ‘Debt ratio’ and ‘Number of non-

conformance reports’ were able to achieve a simple majority, with three out of five experts in 

agreement. In contrast, the choice of critical measures in other categories of MoPs (five out of 

ten) were split between two or more proposed critical measures. It was clear that experts had 

no consensus based on the choices of CMoPs for each category of MoPs. In keeping with the 

Delphi method, the second round was conducted as explained in Section 5.4.2.    

5.4.2 Expert Forum 2 Round 2: Data collection and analysis   

The second round was conducted as individual online interviews to follow up the online 

questionnaire in Round 1. Initially, the experts were presented with a summary of the expert 

forum process and the results up to the selection of the top ten categories of MoPs. Further, the 

weighted ratings obtained for each of the three questions (Q1: Can it be quantitatively measured 

from project records? Q2: Is it within the control of the contractor? and Q3: How significant is 

it towards performance of a project?) for the top ten categories of MoPs were presented for 

context. Then, the discussion was taken forward regarding the online questionnaire along with 

the answers provided by the respective experts. Each expert was informed about the spread of 

the answers received for the choice of CMoP for each category and was requested to justify 

their own choices. The experts were also given the opportunity to change their answers if 

required. Expert Forum 2 Round 2 interviews were recorded, transcribed, coded, interpreted 

and categorised, as explained in Section 4.11.2 (See Appendix 9 for a sample transcript and 

Appendix 10 for the full set of categorised statements from Expert Forum 2 Round 2). The 

findings of the expert interviews for the ten categories of MoPs are presented below.  

Health and safety performance: Comments about critical measures  

As per Table 5.5, the experts were unable to reach a consensus on the proposed CMoPs based 

on the questionnaire responses. However, following the interviews, the choices were narrowed 

down to the ‘reported incidents rate’.  

Reported incidents rate was agreed upon by all experts as the most suitable critical measure 

to represent health and safety performance. The key points that emerged from the discussions 

are listed below: 
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 Reported incidents rate captures both medically treated injuries (MTI) and lost time 

injuries (LTI), therefore is more reflective (Ref: EF2R2/E1/A3/S4 and 

EF2R2/E2/A4/S3).  

 ‘The number of reported incidents’ is a higher number and more tangible to be compared 

across (Ref: EF2R2/E1/A3/S5). 

 Incidents are usually reported in weekly safety reports/cost reports (Ref: 

EF2R2/E1/A4/S6). 

 Reporting incidents is required under the contract as well as the regulations (Ref: 

EF2R2/E2/A5/S4)  

 Underreporting and manipulation are possible (Ref: EF2R2/E2/A3/S2).  

Lost time injury frequency rate was considered as an alternative choice by three of the 

experts. The main points that came up from the discussions are listed below: 

 There is a legal as well as contractual obligation to report LTIs (Ref: EF2R2/E1/A5/S7). 

 LTIFR can be easily benchmarked due to the availability of data (Ref: EF2R2/E1/A6/S8 

and EF2R2/E3/A3/S1).  

 LTIFR indicates the severity of an incident, as it refers to incidents that cause the person 

affected to take time off from work (Ref: EF2R2/E4/A5/S1). 

 The numbers are very low (e.g. there can be 30 MTIs but maybe only one would qualify 

as an LTI) (Ref: EF2R2/E1/A2/S2). 

 Builders generally try their best to keep the LTI numbers low (Ref: EF2R2/E1/A2/S2). 

 Underreporting and manipulation are possible (Ref: EF2R2/E1/A2/S3).  

Number and amount of fines received from health and safety regulators was not selected 

by any expert. Expert E1 opined that fines cannot be relied upon as a measure, since health and 

safety offences are not always captured by authorities (Ref: EF2R2/E1/A2/S1). Expert E2 

suggested ‘Having effective health and safety management plan’ with the intention of including 

a leading indicator as opposed to a lagging one (Ref: EF2R2/E2/A3/S1). However, it was 

clarified during the follow-up interview and thereafter changed to an alternative answer 

(Reported incidents rate).  

Quality performance: Comments about critical measures 

Following the interviews, the Number of non-conformance reports was chosen by four out 

of five experts as the most representative critical measure of quality performance. Some of the 

key points that came out from the discussions are listed below: 
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 Clients can issue non-conformances to the builder for constructing something 

incorrectly (Ref: EF2R2/E1/A8/S10). 

 For tier 1 builders, internal audits report on non-conformance (Ref: EF2R2/E1/A8/S11). 

 Lower tier builders would obtain external auditors’ help to get NCR reports (Ref: 

EF2R2/E1/A9/S12). 

 Non-conformances are captured in a register as well as reported at site meetings (Ref: 

EF2R2/E2/A11/S5). 

 Quality assurance-related non-conformances can be audited by an ISO certifier (e.g. 

BSi, Bureau Veritas, etc.) while quality control-related non-conformances happening at 

sites can be audited using document management software like Aconex, Planradar, etc. 

(Ref: EF2R2/E3/A6/S2). 

 The number of non-conformance reports can range from tens to hundreds or more (Ref: 

EF2R2/E2/A13/S6).  

 The willingness and ethics of the contractor dictate how data on non-conformances is 

disclosed to the clients (Ref: EF2R2/E3/A8/S3). 

 The number of non-conformances may be misleading based on the type of work (e.g. 

high quantity of minor non-conformances vs. low quantity of major non-conformances 

may skew the data; Ref: EF2R2/E4/A7/S2). 

 Non-conformances have to be closed-out before handing over the building (Ref: 

EF2R2/E1/A12/S16). 

The comments on the Construction rework index are listed below: 

 It is too hard to differentiate, quantify and measure rework as compared to typical 

construction work (Ref: EF2R2/E3/A9/S4). 

 Commercial and residential building construction projects are very unsophisticated in 

terms of managing defects compared to other industries/projects, such as mining, 

hospital, industrial or civil engineering projects. Therefore, measuring punch-list items 

or defects is not very clear in building projects (Ref: EF2R2/E3/A11/S5). 

 Rework during construction is usually handled at the subcontractor level and does not 

escalate to the client (Ref: EF2R2/E1/A10/S13). 

 Calculating rework is hard and often cannot be quantified for a project. Hence, it is hard 

to capture from project records (Ref: EF2R2/E4/A8/S3). 

Time taken to rectify all defects was not chosen by any of the experts. The discussion points 

emerged are given below: 
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 The time taken to rectify defects can be misleading (e.g. Rectifying a large quantity of 

defects quickly vs taking longer to rectify smaller defects; Ref: EF2R2/E1/A10/S14 and 

EF2R2/E2/A14/S7). 

 Some of the work could be hard to classify as defective or incomplete work (Ref: 

EF2R2/E1/A11/S15). 

 The average time to rectify defects could be a measure that can be compared (Ref: 

EF2R2/E3/A13/S6). 

Additionally, expert E5 opined that Cost to rectify defective work is a suitable measure, as 

any defect identified would be rectified at a cost (Ref: EF2R2/E5/A8/S1).  

Cost performance: Comments about critical measures 

The choice of critical measure used to represent cost performance remained without a clear 

majority after the interviews.  

The opinions related to Project budget factor are listed below. 

 Approved changes, tender price and actual cost are all specific values. Therefore, the 

calculation of project budget factor is straightforward (Ref: EF2R2/E2/A16/S8). 

 Project budget factor may be suitable for a client when assessing contractors’ 

performance as part of the tender process (Ref: EF2R2/E3/A16/S8). 

 It could reflect the consultant’s errors in estimating the project cost and scoping (Ref: 

EF2R2/E3/A17/S9).  

 ‘Total project estimate at tender’ would vary depending on the procurement route (Ref: 

EF2R2/E4/A13/S4). 

Cost predictability (construction) received the following comments regarding its suitability: 

 The calculation can get complex with the inclusion of provisional sums and their 

subsequent changes during construction (Ref: EF2R2/E1/A16/S17). 

 The comparison between actual cost and original estimated cost is not ‘like for like’, 

especially due to scope changes (Ref: EF2R2/E3/A14/S7). 

 Massive scope changes by the client can make it significantly difficult to find cost-

related measures that are comparable (Ref: EF2R2/E1/A17/S18). 

Expert E3 proposed Cost performance index (earned value/actual cost), highlighting its 

merit in that it does not penalise the contractor for the client’s mistakes in scoping the project 

(Ref: EF2R2/E3/A18/S10).  
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Financial performance: Comments about critical measures 

At the end of the follow-up interviews, all experts unanimously agreed to select Debt ratio as 

the critical measure for financial performance. The relevant comments are listed below: 

 The debt ratio is a good indicator from the client’s point of view in terms of the risk of 

engaging a contractor (Ref: EF2R2/E1/A38/S30). 

 A contractor could be deeply in debt but still do a good job on a project (Ref: 

EF2R2/E1/A41/S35). 

 The risk of contractors going out of business and coming back with a different 

registration is high in the industry. Assessing debt ratio is helpful in curbing this issue 

(Ref: EF2R2/E2/A26/S12).  

Gross profit margin ratio was not chosen by any expert. However, Expert E4 opined that it 

would be a good indicator of how much revenue a contractor is making on a project, which 

could be compared across different contractors (Ref: EF2R2/E4/A30/S10). Expert E1 was of 

the view that it would be more relevant to developers than builders (Ref: EF2R2/E1/A38/S31). 

Percentage increase in average annual turnover in last 5 years was also not selected by any 

of the experts. Expert E4 opined that it gives a good indication of whether a contractor has a 

growth out of bounds of what they can actually perform (Ref: EF2R2/E4/A30/S11). In contrast, 

Expert E1 was of the opinion that even with a high increase in turnover, the contractor could 

be in heavy debt, which would not be captured through that measure (Ref: EF2R2/E1/A38/S32). 

Time performance: Comments about critical measures 

Time performance lacked a clear choice of a CMoP after the round of interviews as well. 

According to Expert E1, Time variance could be affected by the type of procurement 

arrangement (Ref: EF2R2/E1/A19/S19). With regard to Time predictability, Expert E5 opined 

that the consultant’s estimation of project time has a significant influence on a project (Ref: 

EF2R2/E5/A11/S2). However, Expert E4 stated that when a contractor bids for a project, it 

implies that they agree to the project duration as well. Therefore, there would not be any 

implication caused due to issues in the consultant’s estimate of time (Ref: EF2R2/E4/A15/S5). 

As a third option for a critical measure of time performance, Expert E3 suggested a Schedule 

performance index in line with the cost performance index (Ref: EF2R2/E3/A22/S11). 
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Human resources strength: Comments about critical measures 

At the end of the follow-up interviews, all experts unanimously agreed to select Worker 

turnover ratio as the critical measure of human resources strength. The relevant comments are 

listed below: 

 Records are available and can be obtained from project control group meetings (Ref: 

EF2R2/E1/A20/S20). 

 Calculation of worker turnover may be limited due to the differentiation of employees 

and other subcontractors’ workers onsite (Ref: EF2R2/E4/A18/S6). 

 Key staff turnover significantly affects information continuity (Ref: EF2R2/E1/ 

A20/S22 and EF2R2/E5/A12/S3).   

 Reporting of worker turnover rates can be made a contractual requirement (Ref: 

EF2R2/E1/A20/S21). 

In terms of Adequacy of labour, expert E1 commented that distinguishing between skilled and 

unskilled workers may not be a significant measure (Ref: EF2R2/E1/A21/S23). Expert E3 

supported this view, stating that it is not a good measure as it also depends on the procurement 

model (Ref: EF2R2/E3/A24/S12). 

Experience in similar projects: Comments about critical measures 

The experts’ preferences for critical measures representing experience in similar projects was 

split between two of the proposed measures.  

The discussion points regarding Number of similar type and size projects completed are 

listed below:  

 For a newcomer to the construction market, this measure can be a barrier. Instead, the 

experience of key staff could be sufficient to assess the capability (Ref: 

EF2R2/E1/A39/S33). 

 From a client’s perspective, assessing the number of projects completed of similar type 

and size is preferable (Ref: EF2R2/E2/A27/S13). 

 Past project experience of the contractor is essential in creating a sense of confidence 

for the client (Ref: EF2R2/E3/A38/S18). 
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Number of failures in completing a contract resulted in the below points: 

 Some of the clients would request disclosure of previous or ongoing legal action 

involving the contractor (Ref: EF2R2/E4/A32/S12). 

 Serious breaches of contractual obligations could indicate poor performance of a 

contractor (Ref: EF2R2/E3/A33/S17). 

 Contractors could be terminated from projects due to various complex reasons. 

Therefore, comparing contractual failures may not be the best approach (Ref: 

EF2R2/E1/A40/S34). 

Environmental performance: Comments about critical measures 

At the end of the follow-up interviews, all experts unanimously agreed to select Volume of 

total waste removed from site as the critical measure of environmental performance. The 

relevant comments are listed below: 

 Amount of waste removed from site is more practical and easier to measure (Ref: 

EF2R2/E2/A24/S11 and EF2R2/E3/A28/S14). 

 It can be misleading if demolition waste is included in the total volume (Ref: 

EF2R2/E1/A29/S26). 

 The comparison would be fair for conventional building practices but not ones using a 

lot of precast components (Ref: EF2R2/E1/A31/S27). 

 The volume of waste recycled vs removed as landfill would be a better measure, if 

possible (Ref: EF2R2/E3/A28/S13). 

 Even if a client’s design is wasteful to construct, an environmentally conscious 

contractor would provide an alternative that is less wasteful (Ref: EF2R2/E3/A29/S16). 

Number of environment-related complaints and fines was not chosen by any of the experts. 

The relevant comments are listed below: 

 Tender submissions would require the contractors to mention the number of 

environmental complaints (Ref: EF2R2/E1/A28/S25). 

 Although the number of environmental-related complaints and fines would be a better 

indicator, the ability to measure and record them is limited (Ref: EF2R2/E2/A24/S10). 

Additionally, measuring the carbon footprint of construction work at a site may be another good 

metric (Ref: EF2R2/E3/A28/S15). 
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Project planning performance: Comments about critical measures 

By the end of the interviews, three out of the five experts had chosen Hit rate percentage as 

the critical measure for project planning performance. The relevant comments are listed below: 

 Programme managers in major projects are able to track the hit rate percentage easily 

(Ref: EF2R2/E1/A35/S28). 

 Changes caused by variations need to be adjusted when calculating this percentage (Ref: 

EF2R2/E4/A27/S9). 

 It gives a better indication of how well the project was planned (Ref: 

EF2R2/E1/A37/S29). 

Productivity achievement: Comments about critical measures 

Labour productivity was unanimously agreed upon by the experts as the critical measure of 

productivity achievement. The relevant comments are listed below: 

 Productivity is not recorded as well as it should be (Ref: EF2R2/E4/A21/S7). 

 Since all sign-in and sign-out records are available, data availability is high (Ref: 

EF2R2/E1/A24/S24).  

 Working out the actual total number of worker hours would be troublesome (Ref: 

EF2R2/E4/A22/S8). 

 Productivity-related metrics are monitored by methods engineers. There are certain 

norms, such as form workers being able to complete 10–12 m2 per day (Ref: 

EF2R2/E5/A14/S4). 

 Summary of Expert Forum 2 Round 2 

Table 5.6 summarises the final choices by the experts for the CMoPs. The discussion round 

with the experts resulted in a shift in their choices in the majority of categories of MoPs. Eight 

of the top ten MoPs achieved majority consensus in the choice of respective CMoPs. Out of 

them, six achieved overwhelming consensus (chosen by at least 4 out of 5 experts) in the choice 

of respective CMoPs. Therefore, it is evident that a reasonable consensus was achieved at the 

end of Expert Forum 2 Round 2. However, a consensus in the CMoPs of cost performance, time 

performance and project planning performance was not achieved.   
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5.4.3 Expert Forum 2 Round 3: Data collection and analysis 

Round 3 of Expert Forum 2 was conducted with the intention of achieving overall consensus 

on the choice of respective CMoPs. Based on the findings of Expert Forum 2 Round 2 and 

domain knowledge, the list of CMoPs was further refined. In order to provide more context for 

the capabilities/issues of each CMoP, they were assessed based on three criteria; 1) accessibility 

of data, 2) ability to compute and measure and 3) fairness in reflecting contractor performance. 

The categories of MoPs with CMoPs that did not fulfil all three assessment criteria were marked 

for possible exclusion from the final list. Table 5.7 presents the assessment of the CMoPs, which 

was emailed to all experts to assess their overall level of agreement.  

Although data is available to a certain extent, cost is a factor that is not within full control of 

the contractor. Since construction projects are usually subjected to design changes and other 

variations, there could be implications for cost due to reasons beyond the contractor’s control. 

Hence, it would be unfair to consider cost as a measure of performance when assessing 

contractor performance. Furthermore, data related to cost are often heavily contentious and may 

not be finalised until long after project completion. Due to all these reasons, ‘Cost performance’ 

was considered as not suitable for the performance index. ‘Time performance’ also has similar 

issues regarding the ability to compute it and it not being fair in assessing contractor 

performance. Although being directly related to the contractor, ‘Planning performance’ 

measures are not readily available from project records. Further, it is hard to compute such 

measures from available records. Therefore, it was considered reasonable to exclude this 

measure. 

The experts replied by expressing their levels of agreement along with comments regarding the 

shortlisting process. A summary of the feedback from experts is also presented in Table 5.7. 

Based on the comments received, it can be stated that a high level of consensus was achieved 

at the end of Expert Forum 2 Round 3 with regard to the choice of the top seven categories of 

MoPs and the respective top seven CMoPs.  
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Table 5.7 - Shortlisting of the top categories of measures of performance 

 

 

     Key for subscript number: 

1—Hard to interpret cost data to find actual/initial/final costs of a project and it is highly contentious due to variations and claims;  
2—Depends on the procurement route, consultant’s errors in estimation, scope changes etc;  
3—Time is a highly contentious matter due to variations and claims;  
4—Hard to access details of construction programme;  
5—Not practical to identify details related to construction tasks due to scope changes, variations etc;  
6—Can consider another measure: tender baseline vs. actual baseline cost;  
7—Past experience may impede new-comers to the industry. However, it is reasonable to consider from a client’s perspective;  
8—Often the clients do not consider environmental performance as a key requirement. It usually gets superseded by factors of cost;  
9—Total worker hours onsite will not work for modular construction projects. Also depends on the project value.

Code 

 

 

 

Top Categories of Measures of        

Performance 

 

 

Refined Critical Measures 

of Performance  

(from Similar Type 

Projects) 

 

Assessment Criteria Level of Agreement by the Experts 

Accessi

bility of 

Data 

Ability to 

Compute 

the  

Measure 

Fairness in  

Reflecting  

Contractor’s 

Performance 

E1 E2 E3 E4 E5 

HS.MoP Health and safety performance Reported incidents rate ✓ ✓ ✓ High High Very High Very High High 

QP.MoP Quality performance 
Number of non-

conformance reports 
✓ ✓ ✓ High High High Low High 

CP.MoP Cost performance 
Cost predictability or project 

budget factor 
✓ X 1 X 2 

Agreed to remove from the top categories 

of MoPs 

FP.MoP Financial performance Debt ratio ✓ ✓ ✓ High High High 6 High High 

TP.MoP Time performance 
Time variance or time 

predictability 
✓ X 3 X 2 

Agreed to remove from the top categories 

of MoPs 

HR.MoP Human resources strength Worker turnover rate  ✓ ✓ ✓ High High Very High High High 

EX.MoP Experience in similar projects  
Number of similar type and 

size projects completed 
✓ ✓ ✓ High 7 High Low High High 

EP.MoP Environmental performance 
Volume of total waste 

removed from site  
✓ ✓ ✓ High High Very High Moderate Low 8 

PP.MoP Planning performance 
Hit rate percentage or 

planning effectiveness  
X 4 X 5 ✓ 

Agreed to remove from the top categories 

of MoPs 

PR.MoP Productivity achievement Labour productivity  ✓ ✓ ✓ High High Moderate 9 High High 
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Based on the results of Expert Forum 2 Round 3, the top seven categories of MoPs and their 

corresponding CMoPs are: 

1. HS.MoP – Health and safety performance – Reported incidents rate 

2. QP.MoP – Quality performance – Number of non-conformance reports 

3. FP.MoP – Financial performance – Debt ratio 

4. HR.MoP – Human resources strength – Worker turnover rate 

5. EX.MoP – Experience in similar projects – Number of similar type and size projects 

completed  

6. EP.MoP – Environmental performance -  Volume of total waste removed from site 

7. PR.MoP – Productivity achievement – Labour productivity 
 

These seven measures of performance became components of the conceptual performance 

model (Equation 2; Section 4.8.10). The next step was to derive weights for these seven MoPs 

considering their importance. This was achieved through fuzzy AHP-based Expert Forum 3, as 

explained in Section 5.5. 

 Expert Forum 3: Determining weights for the top measures of 

performance 

As discussed in Section 4.9, Fuzzy AHP was used in the third expert forum to calculate weights 

for the top seven categories of MoPs (TMoPs). Traditional AHP provides experts with a 

numeric scale of one to nine to compare criteria in pairs. In contrast, FAHP is conducted with 

the use of linguistic terms that do not have crisp values. Figure 5.4 provides a flow diagram of 

Expert Forum 3, indicating the key steps involved. 
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5.5.1 Fuzzification  

The first step in fuzzifying crisp numbers is to assign a fuzzy membership function. 

Accordingly, fuzzy set theory provides a mechanism for an element to partially belong to a set 

through the use of membership functions (Fayek & Lourenzutti 2018). There are several fuzzy 

membership functions used, such as triangular, trapezoidal, and interval, of which the triangular 

membership functions are the most popular due to their applicability to linguistic terms (Chan, 

Sun & Chung 2019). Therefore, a triangular membership function was utilised in this research. 

It has a lower, middle and upper value, where a triangular fuzzy number Ã is denoted as (l, m, 

u). The reciprocal Ã-1 is denoted by (1/u, 1/m, 1/l). The corresponding fuzzy scale used in the 

research is provided in Table 5.8. The same panel of experts was asked to compare the TMoPs 

pairwise, using the linguistic terms instead of using crisp numbers.  

Table 5.8 - Fuzzy scale for pairwise comparisons 

Linguistic term Fuzzy 

number 

Triangular fuzzy 

scale 

Reciprocal fuzzy 

scale 

Equal importance 1 (1,1,1) (1,1,1) 

Equal to moderate importance 2 (1,2,3) (1/3,1/2,1) 

Moderate importance 3 (2,3,4) (1/4,1/3,1/2) 

Moderate to strong importance 4 (3,4,5) (1/5,1/4,1/3) 

Strong importance 5 (4,5,6) (1/6,1/5,1/4) 

Strong to very strong importance 6 (5,6,7) (1/7,1/6,1/5) 

Very strong importance 7 (6,7,8) (1/8,1/7,1/6) 

Very strong to extreme importance 8 (7,8,9) (1/9,1/8,1/7) 

Extreme importance 9 (9,9,9) (1/9,1/9,1/9) 

 

5.5.2 Pairwise comparisons 

AHP is conducted by comparing one criterion with another as a pair until all such comparisons 

are completed. This is typically done with a template that is easy for the participants to 

understand. Irrespective of the chosen template used for such comparisons, the final output of 

the pairwise comparisons must be transferred to a pairwise comparison matrix. After exploring 

several options, the Microsoft Excel template version of the online AHP tool created by Goepel 

(2018) was selected, as it is free to use and accommodates comparisons of seven or more 

criteria. The template was slightly modified to enable the fuzzy characteristics required for 

FAHP. Accordingly, instead of the crisp numeric scales originally present, fuzzy linguistic 

scales were used. Table 5.9 shows a typical template presented to each expert during Expert 
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5.5.3 Checking for consistency of comparisons 

Consistency is a crucial property of AHP that needs to be checked and maintained in order to 

ensure that the pairwise comparisons result in consistent judgment with limited contradictions 

(Liu, Eckert & Earl 2020). The process can become more onerous when fuzzy numbers are used 

in AHP. However, Basaran (2012) asserted that the most accepted method for calculating the 

consistency ratio (CR) for fuzzy pairwise comparison matrices is to convert the fuzzy numbers 

into crisp numbers and then proceed with ordinary CR calculations of AHP. Taking this 

approach, the consistency of the pairwise comparisons was checked in real-time using the in-

built CR checking functionality of the AHP tool used. The mechanism used for the calculation 

of the CR of each expert’s comparison matrix is explained in Section 5.5.6. Xu (2000) proved 

that if individual comparison matrices are of acceptable consistency, then the corresponding 

aggregated comparison matrix will also be of acceptable consistency. Calculation of the overall 

CR of the aggregated matrix is presented in Section 5.5.6. 

5.5.4 Aggregation 

Aggregation is the process of combining the decisions of multiple decision-makers. The choice 

of aggregation method varies depending on the decision context (Ossadnik, Schinke & Kaspar 

2016). For a homogeneous group structure where decision makers’ individual judgments are 

treated as group judgments, the geometric mean method of aggregation may be the preferred 

option (Aczél & Saaty 1983; Buckley 1985; Krejčí & Stoklasa 2018; Ossadnik, Schinke & 

Kaspar 2016). Since the experts were selected using similar criteria, the group decision 

aggregation was, therefore, done using the geometric mean method. Accordingly, the combined 

matrix for all five individual matrices was prepared by calculating the geometric mean of each 

lower, middle and upper value of the fuzzy numbers.  

The explanation given by Liu, Eckert and Earl (2020) is used in this research: 

Let DM1, DM2, …. DMq be the q number of decision-makers (experts); 

Let C1, C2, …. Cn be the n number of criteria used to compare; 

Let  C̃𝑖𝑗
(t)

 = ( 𝑙𝑖𝑗
(t)

 , 𝑚𝑖𝑗
(t)

, 𝑢𝑖𝑗
(t)

 ) be a triangular fuzzy number representing the relative importance 

of Ci over Cj  judged by DMt  and;   

Let �̃�𝑖 be the fuzzy weight of Ci   
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According to geometric mean method; 

  C̃𝑖𝑗
  = ( 𝑙𝑖𝑗

  , 𝑚𝑖𝑗
 , 𝑢𝑖𝑗

  ) = (∏ C̃𝑖𝑗
(t)

)
𝑞
𝑡=1

1/𝑞
  = [(∏ 𝑙𝑖𝑗

(t)
)

𝑞
𝑡=1

1/𝑞
 , (∏ 𝑚𝑖𝑗

(t)
)

𝑞
𝑡=1

1/𝑞
 , (∏ 𝑢𝑖𝑗

(t)
)

𝑞
𝑡=1

1/𝑞
]     Fn. 5.1 

Table 5.11 provides the aggregated pairwise comparison matrix of Expert Forum 3, calculated 

based on geometric means from all five experts’ comparisons. 

The next step was to derive the fuzzy weights from the aggregated pairwise comparison matrix. 

This step was also performed using the geometric mean method, as explained in Liu, Eckert 

and Earl (2020). 

C̃𝑖
 =  (C̃𝑖1

  ⊗  C̃𝑖2
  ⊗ C̃𝑖3 

 ⊗. . . . .⊗ C̃𝑖𝑛
  )

1/𝑛
                 Fn. 5.2 

 �̃�𝑖 =  
C̃𝑖

 

∑ C̃𝑗
 𝑛

𝑗=1
                  Fn. 5.3 

Based on the given equations (Fn 5.2 and Fn 5.3), fuzzy geometric mean values were calculated 

across each row to obtain the values for the TMoPs, followed by the ‘Fuzzy weights’, as shown 

in Table 5.11.  

5.5.5 Defuzzification 

Defuzzification is the process of converting aggregated fuzzy results into crisp values. It can be 

performed according to several generic methods, such as methods related to mean, minimum, 

maximum and others (Liu, Eckert & Earl 2020; Talon & Curt 2017). Among the methods 

related to the mean, the centroid method (centre of area) has been suggested as the better choice 

for defuzzification due to its simplicity and wide usage (Liu, Eckert & Earl 2020). Accordingly, 

the defuzzified crisp numeric weight wi is given as: 

wi = 
(𝑙+𝑚+𝑛)

3
                Fn. 5.4    

‘Defuzzified crisp numeric weights’ were calculated according to Fn. 5.4, as shown in Table 

5.11. The summation of defuzzified crisp numeric weights results in a total of 1.041. In order 

to normalise these weights, each defuzzified crisp numeric weight was divided by 1.041 as 

indicated in the last column of Table 5.11.  
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5.5.6 Consistency ratio of the aggregated comparison matrix 

Consistency ratios were calculated using Fn. 5.5 and 5.6, as given below (Chan, Sun & Chung 

2019). The steps for the calculations are provided in Appendix 12.  

Consistency Index   CI = 
𝜆max−𝑛

𝑛−1
          Fn. 5.5             

Consistency Ratio = Consistency Index CI/Random Index RI  Fn. 5.6 

𝜆max = largest eigenvalue of the matrix 

n = number of criteria 

Random Index RI = 1.32 for a matrix of 7 criteria (Saaty 1987)  

 

Table 5.12 provides a summary of the calculations and the resulting consistency ratios. 
 

Table 5.12- Calculation of consistency ratios 

Matrix Largest eigenvalue 

of the matrix (𝜆𝑚𝑎𝑥) 

Consistency 

Index (CI) 

Consistency Ratio 

(CR) 

Matrix of E1 7.6713 0.1119 0.0848      (8.48%) 

Matrix of E2 7.7618 0.1270 0.0962      (9.62%) 

Matrix of E3 7.8267 0.1378 0.1044    (10.44%) 

Matrix of E4 7.5574 0.0929 0.0704      (7.04%) 

Matrix of E5 7.9632 0.1605 0.1216    (12.16%) 

Aggregate Matrix 7.1898 0.0316 0.024          (2.4%) 
 

The consistency of the pairwise comparisons is acceptable when CR < 10% (Chan, Sun & 

Chung 2019). Therefore, the consistency of the aggregated pairwise comparisons can be 

considered acceptable. 

5.5.7 Performance index with weights 

Taking the normalised weights calculated in Table 5.11, the summary of shortlisted categories 

of MoPs, corresponding CMoPs and weights can be represented as shown in Table 5.13. 
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Table 5.13 - Summary of shortlisted CMoPs and weights 

Code 
Category of Measure of 

Performance 
Weight Critical Measure of Performance 

HS.MoP Health and safety performance 30.9%   Lost time injury frequency rate 

QP.MoP Quality performance 19.2%   Number of non-conformance reports 

FP.MoP Financial performance 13.3%   Contractor’s debt ratio 

HR.MoP Human resources strength 12.9%   Worker turnover rate 

EX.MoP Experience in similar projects 9.1%   Number of projects completed within last 5 years 

EP.MoP 

 

Environmental performance 

 

8.3% 

 

  Volume of total waste removed from site, per 

gross   floor area constructed 

PR.MoP Productivity achievement 6.3%   Labour productivity 

 

A linear additive model for measuring performance was thus completed by the end of the third 

expert forum. 

 

 Summary 

This chapter explained the process undertaken to derive a performance index based on the top 

categories of MoPs, their critical measures and corresponding weights. Delphi-based Expert 

Forum 1 was conducted in two rounds, with consensus achieved by the experts regarding the 

28 categories of MoPs in terms of Q1) Can it be quantitatively measured from project records? 

Q2) Is it within the control of the contractor? and Q3) How significant is it towards the 

performance of a project? Qualitative analysis of the interviews provided additional context for 

the decisions made by the experts when rating the MoPs. Based on the overall ratings, the top 

ten categories of MoPs were advanced to the next expert forum where the experts provided 

detailed feedback to assist the selection of CMoPs. After three rounds of Expert Forum 2, which 

also comprised questionnaire and interview components, the top categories of MoPs were 

reduced to seven, thereby fulfilling one aspect of the performance model. The remaining task 

was to derive importance-based weights for the seven shortlisted measures, which was achieved 

through Fuzzy AHP-based pairwise comparisons. It resulted in the performance index with 

weights. The next chapter establishes data distributions for the critical measures of 

performance. 
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6 Establishing data distributions for the critical measures of 

performance 

 Introduction 

Through a series of expert forums, a performance index with weights was derived in the form 

of a linear additive model, as presented at the end of Chapter 5. While it identified the top seven 

categories of measures of performance (MoPs), possible critical measures of performance 

(CMoPs) and corresponding weights, the index cannot be used without converting the 

individual indices into a common index. Therefore, this chapter presents the initial steps taken 

to develop the performance index. Monte Carlo simulation, which was used to develop the 

performance model, required the identification of data distributions for each CMoP (Section 

6.3). After choosing suitable data distribution types, the CMoPs were explored in detail to 

define their probability density functions. Definitions of the data distributions were supported 

by construction project datasets and relevant literature, as reviewed in Section 6.4. The 

proposed data ranges were presented to a fourth Delphi-based expert forum to obtain feedback 

and set individual benchmarks (Section 6.6). Based on this feedback, the figures were refined 

and revised. At the end of the second round, the experts agreed on the revised data distributions 

(Section 6.6.2).    

 Collecting data from construction projects 

Development of the performance index required the identification of a particular type of 

construction project. The scope of this research was established in Section 1.5, and emphasises 

the importance of exploring the class 2 building sector, particularly apartments. Kelly (2020) 

highlighted that housing preferences in New South Wales continue to shift away from 

traditional low-density single-unit housing towards multi-unit, high-density housing, especially 

apartments. Based on these reasons, the suitability of apartment projects was explored further. 

In their recent report on multi-unit apartment and townhouse construction in Australia, Kelly 

(2020) provided a snapshot of this sector of the construction industry. The key findings are 

listed below:    

 Approximately half of the annual revenue of the sector comes from large-scale 

apartment complexes.  
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 Most of the large inner-urban apartment complexes are funded by private and public 

property developers or publicly listed real estate investment trusts. 

 The multi-unit apartment and townhouse construction industry is less concentrated 

despite having several large-scale organisations. The four largest organisations 

accounted for less than 20% of industry revenue in 2020–2021.  

 The sector consists mainly of small enterprises (> 75%).  

 The differentiation between developers and contractors is marginal for most large-scale 

apartment development projects, since large-scale contractors are increasingly getting 

involved through property development consortiums.   

In addition to the above, Perera, Jin, et al. (2021) reported the following key outcomes from a 

survey on class 2 builders in New South Wales: 

 80% of class 2 builders are considered micro or small, based on the organisation size. 

 72% of class 2 builders have an average annual turnover of less than AUD 10 million. 

 Over 70% of class 2 builders have had more than 5 years of experience in the sector. 

Based on the above information on the class 2 apartment construction sector, it was clear that 

the majority of builders/developers are small in scale.  

Actual organisation-specific and project-specific data were collected for two purposes: 1) to set 

data distributions for critical measures of performance and 2) to validate the performance index 

once it was finalised. Obtaining data from a large number of developers or builders was deemed 

impractical considering the time restrictions of the research. Further, it was reasonable to 

assume that large-scale developers or builders in the sector are better at keeping performance-

related records. Two developer-builders (A&B) and one contractor (C) agreed to provide class 

2 (apartment) construction project data and relevant organisation-specific data depending on its 

availability. Extraction of data took place in two stages. Initially, the shortlisted CMoPs were 

communicated to the agreed data providers to obtain feedback regarding the availability of 

related data. Based on the feedback, several refinements were made to the CMoPs, as discussed 

in Section 6.4.  
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 Data distributions for the critical measures of performance 

Monte Carlo simulation requires the probability density functions (PDFs) of the model 

variables to be defined. If historical data is not available or is insufficient for distribution fitting, 

the PDF is often estimated (Chau 1995). Since historical data availability was limited (as 

explained in Section 6.2), the next option was to estimate a suitable PDF for each variable (i.e. 

each CMoP). Estimating PDFs required the establishment of several desired properties and 

corresponding assumptions. Based on Back, Walter and Gary (2000), the following properties 

were set for the PDFs:  

1. The distribution should be close-ended (there is an upper and a lower limit) 

2. The distribution is assumed to be continuous 

3. The probability distribution has a convex shape, which assumes that the probability of 

occurrence of an event decreases at lower and upper limits 

4. The distribution is unimodal 

Considering the above assumptions, it was decided that a triangular distribution would best fit 

the identified CMoPs, as supported by the justifications provided by Back, Walter and Gary 

(2000). 

 Refining the critical measures of performance and defining data 

distributions 

Defining a triangular data distribution requires the logical establishment of lower, upper and 

most-likely values for each CMoP. The subsequent sections explore each CMoP in detail to 

refine and decide on these values logically, as supported by the literature and the actual project 

data collected. 

6.4.1 Health and safety performance  

Reported incident rate was the CMoP originally selected for assessing health and safety 

performance (Section 5.4.3). Part 3 Section 35 of the Work Health and Safety Act 2011 No 10 

(NSW) defines ‘notifiable incident’ as a) the death of a person, or b) a serious injury or illness 

of a person, or c) a dangerous incident. Although notifiable/reported incidents were identified 

by the experts as the preferred way to measure health and safety performance, the agreed data 

providers indicated that such records were not kept or followed in their practices. In contrast, 
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lost-time injuries were found to be more accessible and were generally recorded by the data 

providers. Since lost-time injuries are a sub-set of reported/notifiable incidents, this measure 

was deemed a viable way to assess health and safety performance. 

Safe Work Australia (2021) reported that the lost time injury frequency rate (LTIFR) is 

calculated based on the number of injuries resulting in fatality, permanent disability or time lost 

from work. The time lost can be as little as a shift, a day or more. As of 2021, the 5-year industry 

average of LTIFR for the construction industry in Australia stood at 8.0, while that of 

manufacturing was 8.6. The industry benchmark was built upon several sub-sectors, as 

indicated in Table 6.1. 

Table 6.1 - Construction industry benchmark LTIFR figures based on Safe Work Australia (2021) 

Item 

No 

Sector Sub-sector LTIFR 

benchmark 

1 Building construction  5.0 

1.1  Residential building construction 5.2 

1.2  Non-residential building construction 8.2 

2 Construction services  8.9 

2.1  Building completion services 9.2 

2.2  Building installation services 7.4 

2.3  Building structure services 11.7 

2.4  Land development and site preparation services 10.6 

2.5  Other construction services 9.4 

3 Heavy and civil 

engineering construction 

 12.1 

Source: Safe Work Australia (2021) 

The classification of the construction industry in Table 6.1 is based on the Australian and New 

Zealand Standard Industry Classification (ANZSIC): 2006 – Revision 2.0 (Australian Bureau 

of Statistics 2021a).  Accordingly, the building construction sector includes both residential and 

non-residential building construction. Residential buildings include houses, apartments, 

duplexes, flats, etc., while non-residential buildings cover the other building types. Based on 

the similarities of multi-storey residential buildings and multi-storey commercial buildings (e.g. 

safety risks due to height), it was reasonable to consider the LTIFR value of non-residential 

buildings as well. Nevertheless, the building construction sector does not exclude other aspects 

of construction, and the ‘Construction services’ sector includes land development and site 

preparation services, building structures (concreting, brickwork, structural steel, roofing, etc.), 

building installation (plumbing, electrical, air conditioning, heating, fire installations, etc.), 
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building completion (finishes, carpentry, glazing) and other construction services (landscaping, 

etc.). Therefore, it was reasonable to consider both the ‘Building construction’ sector and 

‘Construction services’ sector in deriving a fair benchmark of the LTIFR of class 2 buildings. 

Since 5.0 is the value given for construction in general, it was considered to be the most likely 

value. For lower-level performance, the industry average of 8.0, as calculated by Safe Work 

Australia, was used. 

The next step was to set the value for higher performance level (lowest probable value) of health 

and safety. Although concepts like ‘zero harm’ and ‘zero accident vision’ have mixed 

interpretations within the construction sector regarding their actual achievability, targeting for 

zero is necessary for continuous improvement of health and safety practices within the industry 

(Sherratt 2014; Smallwood & Emuze 2016). Therefore, the concept of zero injuries was 

considered and the minimum LTIFR value was set to zero. Taking a figure between zero and 

5.0 (most likely value), it was decided to use 4.0 as the initial benchmark to be reviewed by the 

experts later on. Safe Work Australia (2021) mentioned the possibility of underestimating the 

LTIFR, as the figures are only based on ‘serious’ worker’s compensation claims. These claims 

involve an incapacity that results in a total absence from work for one working week or more, 

excluding fatalities and any minor injuries. Therefore, the benchmark values have limited 

accuracy.  

6.4.2 Quality performance 

The number of non-conformance reports per gross floor area constructed was chosen as the 

initial CMoP for measuring quality performance. Although it was the majority choice at Expert 

Forum 2, significant limitations were revealed later. As highlighted by Expert E4 during Expert 

Forum 2 (Section 5.4.2), it was deemed difficult to compare non-conformances of differing 

severity. For example, a project could have a small number of major non-conformances while 

another could have a large number of minor non-conformances. The agreed data providers also 

indicated that such records were not maintained and would be hard to distinguish. The number 

of non-conformances, therefore, is not of practical use in gauging the breadth of quality issues. 

Another issue with non-conformances is the method of recording, as there is no known standard. 

This would further affect the ease of obtaining such data from project records. These drawbacks 

prompted the exploration of alternative options for quality-related measures. Three different 

measures were assessed accordingly, as explained under the subsequent headings.    
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Time taken to issue occupation certificate 

The NSW Government Planning Portal (2021) defines an Occupation Certificate (OC) as a 

document giving authority to occupy and use a new building or a section of a building. In order 

to issue an OC, the certifying authority must be satisfied with the following: 

 A development consent is in force. 

 Design and construction of the building is not inconsistent with the development consent. 

 Any pre-conditions set out in the consent or requirements of planning agreements have 

been satisfied. 

 A construction certificate has been issued. 

 The building is suitable for occupation 

The above requirements generally cover all aspects of the quality of a constructed building. 

These ensure that the building is consistent with the development consent (built as described), 

is compliant with the relevant standards, and is suitable overall for occupation. With the 

enactment of the Residential Apartment Buildings (Compliance and Enforcement Powers) Act 

2020 (NSW) (2020), the Building Commissioner of NSW has the authority to issue a ‘Building 

work rectification order’, ‘Stop work order’ or ‘Prohibition order’ depending on the level of 

severity of any compliance issues identified. A prohibition order prohibits the issuance of an 

OC. 

All the mechanisms set to regulate the issuance of OC ensure that only the buildings built to 

required standards and quality are allowed to be occupied. Additional inspections and restrictive 

orders imposed on a building project will increase the time taken to issue an OC. Therefore, the 

time taken to issue an OC (from the time of application) could be considered as an indicator of 

the quality of work done. A limitation may occur due to the novelty of the regulatory changes 

regarding OCs and OC audits. It might take a considerable time to recognise whether OC-

related data would become a possible data source (e.g. number of stop-work orders or building 

work rectification orders issued). In order to assess the potential for using ‘time to issue an OC’ 

as a possible indicator, the Department of Customer Service, which administers the relevant 

act, was contacted. Based on a discussion with a relevant officer from the department, it was 

apparent that the time taken to issue an OC depends on many unrelated factors. For example, 

some developers apply for an OC well in advance, which could result in quicker processing 

times. Further, other administrative matters could cause delays in issuing OCs. Therefore, it is 

not logical to judge the quality of building works based on the time taken to issue an OC.  



193 

 

Quality accreditations 

Quality is a subjective phenomenon that ultimately depends on the needs and expectations of 

customers. It can be assured through the implementation of a quality management system like 

ISO 9000 or Total Quality Management (Ahmed et al. 2005; Watson & Howarth 2011). ISO 

9001 (part of the ISO 9000 series) is an international standard of quality management systems 

that are used by over one million organisations across many disciplines worldwide 

(International Organisation for Standardisation 2021). It focuses on several quality management 

principles, including a strong customer focus, the motivation and implication of higher 

management, the process approach, and continuous improvement. Adopting quality 

management systems may have different motives, have a genuine intention to improve quality 

or to just use it as a qualification. For example, the Housing Authority of Hong Kong has made 

ISO 9000 certification mandatory for contractors bidding for public housing projects (Tam et 

al. 2000). According to Howarth and Greenwood (2017), a successful contractor should ensure 

the delivery of a product that is effective, compliant and commercially viable, irrespective of 

the product being the design, construction, maintenance, or facilities management of a structure 

or building. Similarly, the quality management principles enshrined in the ISO 9000 family can 

lead to many benefits if properly utilised. For example, Howarth and Greenwood (2017) listed 

several advantages of the ‘Process approach’ that are relevant to construction; 

 Lower costs and shorter cycle times achieved by utilising resources effectively 

 Improved, consistent and predictable results 

 Focused and prioritised opportunities to improve 

 Systematically defining the necessary activities in order to achieve a desired target 

 Establishing clear responsibility and accountability for managing key activities 

 Analysing and measuring the capability of key activities 

 Identifying the interfaces of key activities within and between the functions of the 

organisation 

 Focusing on factors such as the resources, methods, and materials that will improve key 

activities of the organisation 

 Evaluating the risks, consequences and impacts of activities on customers and other 

stakeholders 

A survey on the use of international quality management systems in construction by Ahmed et 

al. (2005) revealed that organisations that use informal quality management systems rely 
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heavily on supervision at sites by relevant personnel, rather than following proper mechanisms 

to sustain and improve quality. In contrast, the contractor organisations that adopt ISO quality 

standards were found to keep proper quality records (e.g. material testing and non-conformance 

reports) and conduct regular site audits moving beyond simply taking preventive and corrective 

actions. The top 20 apartment builders based on the Housing Industry Association (2020b) were 

checked through the Joint Accreditation System of Australia and New Zealand (2021), an online 

directory of accreditations, to determine their quality management system certifications. The 

results shown in Table 6.2 confirm that the majority of the leading apartment builders (70%) 

are accredited to ISO quality standards.    

Table 6.2 - Quality management system accreditations of top apartment builders in Australia 

Rank 

(2019/2020) 

Organisation Quality management 

system 

1 Multiplex ISO 9001: 2015 

2 Hutchies (Hutchinson Builders) ISO 9001: 2015 

3 Dyldam Developments Pty Ltd - 

4 Parkview Construction Pty Ltd ISO 9001: 2015 

5 GEOCON ISO 9001: 2015 

6 L.U.Simon Builders Pty Ltd ISO 9001: 2015 

7 Meriton Apartments - 

8 Tomkins Commercial & Industrial Builders ISO 9001: 2015 

9 Watpac Limited ISO 9001: 2015 

10 Built Pty Ltd ISO 9001: 2015 

11 Hanssen Pty Ltd - 

12 Murphy Builders Qld Pty Ltd ISO 9001: 2015 

13 Condev Construction Pty Ltd ISO 9001: 2015 

14 Mirvac Group - 

15 BGC Housing Group ISO 9001: 2015 

16 Jaxon Construction Pty Ltd ISO 9001: 2015 

17 Mavid Group ISO 9001: 2015 

18 MJH Group ISO 9001: 2015 

19 Rossdale Homes - 

20 Summit Homes Group - 
 

Based on the above, it is reasonable to assume that contractors with ISO quality accreditation 

are capable and committed to assuring and managing the quality of construction processes, 

ultimately leading to higher quality output. Hence, it could be considered as a valid measure of 

quality performance that is objective and easy to measure. For the purposes of assigning a score, 

the availability of ISO quality certification was rated as: 5 = available or 0 = not available. 

Further, it was reasonable to assume the most likely case would be zero, as most organisations 

are unlikely to have obtained such quality accreditation.  
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Industry awards and recognition 

Annually, several construction-related associations present awards for excellence in 

construction for various categories of projects at state or national levels. Among these awards, 

there are several categories for residential projects and some specifically for apartments. 

Further, some of the awards are aimed at contractors, while others are for developers. Table 6.3 

provides a summary of such awards. Awards aimed at professionals or individuals (e.g. the 

Australian Institute of Building’s professional excellence awards) were not considered. 

Table 6.3 - Summary of construction excellence awards presented for contracting organisations 

No Institution Award Name Award categories related to class 2  Category 

1 Master Builders 

Association of 

New South 

Wales (MBA-

NSW) 

Excellence in 

construction 

awards 

 Residential and mixed-use 

development buildings 

 Outstanding construction award 

Contractor 

Excellence in 

housing awards 
 Affordable housing 

 Home units 

Contractor 

2 Master Builders 

Australia 

(MBA) 

National excellence 

in building and 

construction  

 National residential master builder 

of the year 

Contractor 

3 Housing 

Industry 

Association 

(HIA) 

NSW housing 

awards 
 Affordable housing 

 Apartment of the year 

 Apartment complex of the year 

Contractor 

Australian housing 

awards 
 Australian apartment of the year 

 Australian apartment complex of 

the year 

Contractor 

4 Urban 

Development 

Institute of 

Australia 

(UDIA) 

UDIA NSW Crown 

group awards for 

excellence in urban 

development 

 Excellence in high density 

development 

 Excellence in medium density 

development 

 Excellence in small scale 

development 

 Excellence in affordable 

development 

Developer 

UDIA National 

awards for 

excellence 

5 Property 

Council of 

Australia 

Innovation and 

excellence awards 
 Residential development 

 Affordable housing development 

Developer 

6 Urban 

Taskforce 

Australia 

Development 

excellence awards 
 Affordable housing development 

 Medium density development 

 High density residential 

development 

 Metro apartments development 

Developer 

Sources: (1) Master Builders Association - New South Wales (2021); (2) Master Builders Association (2021); (3) 

Housing Industry Association (2020a); (4) Urban Development Institute of Australia - New South Wales (2021); 

(5) Property Council of Australia (2021); (6) Urban Taskforce Australia (2020) 
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The Master Builders Association of New South Wales (MBA-NSW) is considered a leading 

building and construction industry association across the state, with nearly 150 years’ history. 

It holds two major state-wide annual awards programmes: Excellence in Housing and 

Excellence in Construction (Master Builders Association - New South Wales 2021). It has been 

one of the oldest (for nearly three decades) continuous annual awards programmes for 

construction-related work. There are excellence awards categories, such as ‘Housing - home 

units’ and ‘Construction – residential and mixed development buildings’, related to class 2 

buildings or apartments. Excellence in ‘Quality of construction’ is given priority in the judging 

criteria for the awards (Master Builders Association - New South Wales 2021). The Housing 

Industry Association (HIA) claims to be the peak residential building, renovation and 

development industry association in Australia, with a history of over 70 years (Housing Industry 

Association 2020a). The ‘Housing Awards’ is held annually by the HIA to reward excellence 

in the housing industry throughout the country based on various categories. ‘Quality of 

workmanship’ is the highest-weighted judging criterion for all relevant categories, with weights 

varying between 30% and 50% of the total score. The prominence given to the quality of 

construction by both the MBA and HIA implies that high quality of construction is the leading 

cause for award recognition. 

Apart from contractors, developers are appraised for their excellence in various types of 

development projects, including residential ones. The awards presented by the UDIA, Property 

Council of Australia and Urban Taskforce Australia are some of the popular developer-based 

award schemes. Although these are not as direct as the awards for contractors, the 

winning/finalist developments are reflective of the respective contractors’ performance for 

delivering award-winning built assets. Most of the award categories have sub-categories based 

on the project value, thereby providing more opportunities for the contractors or developers of 

different capacities to get their projects assessed. For example, the MBA-NSW excellence 

awards for housing in 2017 identified winners and finalists for the ‘Home units’ category based 

on six price ranges. Further, the past award recipients’ lists indicates active participation as well 

as healthy competition among various contractors/developers. 

Based on the above, it is reasonable to consider that the awards and accolades won by 

contractors are indicative of the quality of their built products. With the wide range of options 

available for nominations, it can be assumed that contractors would try their best to win or 

become finalists in one or several categories related to their projects, thereby maintaining and 
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improving quality. Therefore, the number of relevant awards (where quality is given 

prominence) won by a contractor could be justified as an objective measure of quality 

performance by the contractor in general. Apart from winning, being a finalist in such an award 

scheme can also indicate a certain level of quality performance, thereby adding another level 

of measurement when assigning a score. For this research, a score of 1 was assigned for each 

relevant award won during the past five years, with a maximum of 5. A contractor having no 

history of winning or becoming a finalist for at least one award during the prescribed period 

will not achieve any mark (0 score). To recognise becoming a finalist in any such award 

category during the past five years, a score of 0.5 was proposed with a maximum of 5. As an 

example, if a contractor has become a finalist for 3 awards and have won 2 separate awards, the 

total score would be calculated as: (3 × 0.5) + (2 × 1) = 3.5. Since these awards were considered 

for the previous five years, it was reasonable to assume a score of 3 as the most likely value 

(allowing for several awards and/or nominations). 

As quality performance was to be inclusive of two CMoPs (ISO accreditation and awards), it 

was deemed reasonable to assume a benchmark value that would be common to both CMoPs. 

Therefore, 5 was taken as the benchmark for quality performance, where the score could be 

achieved through either measure. 

6.4.3 Experience in similar projects 

Number of projects completed within last five years 

The experience in constructing class 2 buildings (apartments) was assumed to be positively 

related to the performance of the relevant contractor. When a contractor has delivered more 

projects in the past, several assumptions can be reasonably made. For example, a high number 

of projects would indicate that the relevant contractor has been granted more projects due to 

their performance in previous work or due to the good reputation previously earned by them. 

On the other hand, completion of more projects would ultimately provide more experience to 

the contractors, and it is safe to assume that they would continue to improve their capabilities 

through lessons learned. Therefore, similar projects completed can be used as a scale to measure 

the experience in similar projects of contractors.  

According to a survey conducted by Perera, Jin, et al. (2021), 94% of class 2 builders have 

completed 30 or fewer class 2 building projects in the preceding six years, with 70% completing 

5 or less. However, there was no reference to the size of the projects in question. This prompted 
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a revision of the original assumption of the number of projects relating to performance, as the 

size of projects could significantly vary.  

Number of dwelling units completed within last five years 

As apartments are multi-unit complexes with several storeys, they can range from low-rise to 

high-rise housing with multiple categories for the dwelling units. The Australian Bureau of 

Statistics (2020b) categorises apartments as low-rise (one to three storeys), medium-rise (four 

to eight storeys), high-rise (nine to 19 storeys) and super-high-rise (20 or more storeys). 

However, there is no categorisation based on the number of dwelling units, which can 

significantly vary based on the number of storeys. To get a clearer understanding, the statistics 

related to actual numbers of dwelling units were explored. The statistics of new construction 

starts of units were sourced from the annual ‘Housing 100’ reports published by the HIA, which 

documents the 100 largest home builders in Australia annually. Table 6.4 presents a summary 

of annual construction starts of apartment units based on the top 20 multi-unit builders, as per 

Housing Industry Association (2020b).  

Table 6.4 - Apartment unit construction starts – nationwide   

Rank 

(2019/

2020) 

Organisation New construction starts - Units Average annual 

new unit starts 

(nationwide) 
2019/ 

2020 

2018/ 

2019 

2017/ 

2018 

1 Multiplex 3486 467 3267 2407 

2 Hutchies 3477 3317 N/A 3397 

3 Dyldam Developments Pty Ltd 2272 2772 4306 3117 

4 Parkview Construction Pty Ltd 1434 1747 - 1591 

5 GEOCON 1081 1648 906 1212 

6 L.U.Simon Builders Pty Ltd 987 754 1363 1035 

7 Meriton Apartments 946 3273 2117 2112 

8 Tomkins Commercial & 

Industrial Builders 

429 629 494 517 

9 Watpac Limited 334 - N/A 334 

10 Built Pty Ltd 329 1264 363 652 

11 Hanssen Pty Ltd 250 427 417 365 

12 Murphy Builders Qld Pty Ltd 226 130 - 178 

13 Condev Construction Pty Ltd 196 202 539 312 

14 Mirvac Group 186 315 930 477 

15 BGC Housing Group 185 257 - 221 

16 Jaxon Construction Pty Ltd 163 208 412 261 

17 Mavid Group 119 90 - 105 

18 MJH Group 67 - - 67 

19 Rossdale Homes 62 - - 62 

20 Summit Homes Group 58 23 - 41 
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Based on the data available for the three preceding years, the annual average number of 

apartment unit construction starts by the top-20 multi-unit builders was 923.15. The progression 

through the years indicates a significant deviation in the number of new unit construction starts 

for each of the top-20 builders. Most of the apartment complexes, especially the larger ones, 

take more than two years to complete. Although the number of new construction starts can be 

reasonably construed as the number of new construction completions at a later time, it cannot 

be justifiably taken as the annual average figure. With the assumption of two rounds of 

construction completions for the preceding five years, 1800 units could be taken as the upper 

value. The lower value for the number of units completed in the last 5 years could be taken as 

zero with regard to contractors having no experience at all in apartment construction. Therefore, 

it is reasonable to consider the experience in similar projects for constructing apartment units 

to be in the range of 0 – 1800. Based on the findings of Perera, Jin, et al. (2021), it is sensible 

to assume that the majority of contractors would complete around 10 apartment projects within 

the most recent five years. Since there was no gauge of the size of each project (number of 

units), an assumption was made as 25 units per project, leading to 250 units completed within 

the given period. Therefore, the most likely value was assumed to be 250 units in this context 

and the benchmark was set to be double this value (500).    

6.4.4 Financial performance 

Debt ratio  

Debt ratio (total liabilities/total assets) was found to be a significant predictor of the bankruptcy 

risk of contractors in the USA (Jang, Jeong & Cho 2021). As indicated by Investopedia (2019), 

a good debt ratio is considered to be between 0.3 and 0.6. However, obtaining statistics related 

to the debt ratios of construction organisations was deemed difficult. Alternatively, the debt-

equity ratio was explored as a possible proxy for the debt ratio.  

Debt-equity ratio  

Although mostly used in publicly traded companies, the debt-equity ratio can be calculated for 

any company. As explained by the Harvard Business Review (2015), the debt-equity ratio is 

calculated by dividing total liabilities by total equity (assets minus liabilities). Also known as 

the debt-to-worth ratio or the total liabilities-to-net worth ratio, it indicates the risk that the 

organisation’s creditors are bearing compared to the risk that the organisation’s owners or 

investors are bearing (Pamulu, Kajewski & Betts 2007; Peterson 2020).  
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A study of 30 Australian publicly listed construction companies yielded an average debt-equity 

ratio of 2.1, with a minimum of 0.5, maximum of 9.0 and median of 1.7 (Balatbat, Lin & 

Carmichael 2010). Out of 48 American publicly listed construction companies, the median 

debt-equity ratio was 0.97 (Ready Ratios 2021). Typical debt-equity ratios related to 

construction, as noted by Peterson (2013), are presented in Table 6.5. 

Table 6.5 - Typical debt-equity ratios for construction organisations (Peterson, 2013) 

Industry sector Median Range 

Single-family residential 1.3 0.5 – 3.2 

Commercial 1.4 0.5 – 2.8 

Heavy and highway 1.0 0.4 – 2.0 

Specialty trades 0.9 0.4 – 2.0 

 

Based on the way that industry sectors are classified in Table 6.5, apartment construction would 

fall under the commercial construction sector. As explained by Peterson (2020), residential 

contractors have higher debt-equity ratios due to their reliance on debt to finance home building. 

In contrast, heavy and highway contractors tend to have lower debt-equity ratios due to the risk 

associated with their significant investments in fixed assets (heavy machinery and equipment), 

which must be kept busy to earn an income to pay off the costs. For commercial contractors, 

the desirable debt-equity ratio range has been suggested to be 1.0 to 2.0 (Holm 2018; Peterson 

2020). A debt-equity ratio of 2.0 means that the company is relying on debt to twice the value 

of its net worth. Having a debt-equity ratio much higher than 2.0 raises the question of whether 

the company could service its debt during an economic downturn. Conversely, a value much 

lower than 1.0 would indicate that the company is averse to debt financing and is not using debt 

to expand its business (Peterson 2020). However, in terms of financial risk, there is no adverse 

impact for an apartment contractor with a debt-equity ratio lower than 1.0. 

Considering the past research and industry norms discussed, the debt-equity ratio values were 

set in the following manner: 0.5 as the best case value, 1.4 as the most likely value, 2.8 as the 

worst-case value and 1.0 as the benchmark.   

6.4.5 Environmental performance  

Waste generation rate (volume per floor area) 

The waste generation rate (WGR) is a common metric used in assessing the performance of 

waste management. Dividing the amount of construction waste (in either volume, m3, or weight, 
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t) by the gross floor area (m2) is one of the common methods of calculating WGR (Tam & Lu 

2016). A study by Mah, Fujiwara and Ho (2016) in Malaysia found that the average WGR for 

construction projects using conventional methods was 0.099 t/m2, while projects using mixed 

methods had an average WGR of 0.033 t/m2. Tam and Lu (2016) introduced another form of 

WGR for comparison across economies, which uses the ratio between construction and 

demolition waste (t) and construction gross domestic product (in USD millions). The relevant 

values of this macro-level waste generation measure for Australia range from 28.48 t/ USD 

million to 44.04 t/ USD million. Ratnasabapathy, Alashwal and Perera (2020) and Lu et al. 

(2015) interpreted WGR as the ratio between waste net weight (kg) to project contract sum 

(millions AUD or Hong Kong Dollars). Lu et al. (2015) calculated three ranges for WGR using 

big data analytics: not so good (46.93–904.31 t/mHK$), average (1.08–46.93 t/mHK$) and 

good (0.05–1.08 t/mHK$). Since comparable WGR statistics based on the value of construction 

are rare and available figures such as those calculated by Lu are less applicable to the Australian 

context, it is better to determine WGR figures for specific areas.  

Wang et al. (2019) explored area-specific WGRs for Chinese construction projects with a focus 

on the different stages of construction and different types of waste. Accordingly, waste data for 

the under-structure stage, super-structure stage and finishing stage were collected from 148 

newly built residential construction projects in China. The mean WGR was computed as 32.93 

kg/m2. However, these calculations were possible only because the wastes were sorted and 

weighed separately. Alternatively, several sources have published conversion rates or bulk 

densities to estimate the weights of different waste constituents based on their volumes 

(Department of Water and Environmental Regulation 2019; Mália et al. 2013). Nevertheless, 

these conversion ratios can be used only if the waste constituents are identified and estimated. 

For example, among the total C&D waste, if the volume of concrete waste can be measured or 

estimated, the corresponding weight can be calculated using the conversion ratios. Absence of 

such estimation/calculation will require the use of a generic bulk ratio to convert waste volume 

to weight, which is likely to misrepresent the actual weight of C&D waste as the waste 

constituents could vary significantly depending on the materials used. Therefore, it is better not 

to convert volume to weight if the constituent volumes are unknown. Especially considering 

the ease of measurement and availability of data to contractors, calculating or estimating 

volumes of different types of C&D waste may be unrealistic for the purpose of creating the 

performance index. 
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The volume of C&D waste generated per gross floor area constructed can be considered the 

most practical method of calculating WGR. A study by Poon et al. (2004) on construction waste 

generated by public housing projects in Hong Kong revealed an average WGR of 0.176 m3/m2. 

In a similar study done by sampling 10 multi-storey residential building projects in Israel, Katz 

and Baum (2011) developed a predictive model for estimating WGR throughout the project 

duration. Their WGR estimate was 0.2 m3/m2 for residential projects. Based on these findings, 

it is reasonable to consider 0.2 m3/m2 as a benchmark WGR for residential building 

construction. A lower value is proposed by halving the figure (i.e. −0.1 m3/m2). The WGR 

calculated for 20 apartment projects by developer-builder (A) resulted in the values ranging 

between 0.15 and 0.61 m3/m2 with the majority in the range of 0.38 to 0.45 m3/m2. Therefore, 

it is reasonable to assume the most likely value is 0.40 m3/m2 and the value indicating the lowest 

level of performance is 0.45 m3/m2. 

6.4.6 Human resources strength  

Worker turnover rate 

The basic definition of worker or employee turnover is the ratio between the number of 

employees leaving a job and the total number employed during a given time period. A recent 

survey on architectural and engineering firms in Australia reported an employee turnover rate 

of 12% (Deltek 2020). According to the Australian Bureau of Statistics (2020a), the general 

worker turnover rate across all industries in Australia was 20% in 2015.  In the USA, the average 

worker turnover rate in the construction industry was 21.4% in 2020 (Autodesk 2020). 

According to the Figure NZ Trust (2021), the worker turnover rate in the residential building 

construction sector in New Zealand stood at 15% in the fourth quarter of 2018. This figure 

fluctuated between a low value of 14.2% and a high value of 18.3% between the years 2010 

and 2018.  

Based on the different sectors within the construction industry and international comparisons, 

average worker turnover rates can be defined. Accordingly, 10% was used as the lower value 

(better case value) for worker turnover rate assessment. Given the general industry average of 

20% reported by the ABS (most likely value), 30% was considered a suitable upper limit for 

assessing worker turnover rate in the construction industry. To set a target to improve the 

industry, a benchmark of 15% is proposed, given the current average of 20%. 
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6.4.7 Productivity achievement 

Labour productivity  

Contractors are often interested in labour productivity at the site level. It is commonly 

calculated as the ratio between labour input (worker hours) and work output (constructed floor 

area or constructed value; (Shehata & El-Gohary 2011). It is one of the partial factors of 

productivity and is also represented as its reciprocal (i.e. output vs input). According to The 

Singapore Contractors Association Ltd (2016), four types of labour productivity measures are 

typically used. They are ‘value added per worker’, ‘value added per hour worked’, ‘construction 

volume per employment’ and ‘contribution of the construction industry to GDP versus 

employment share’. However, the most accurate measure was identified to be the area of 

completed floor area per worker day. When focussing on non-price measures, all the remaining 

labour productivity measures include a price component (construction value). Therefore, the 

ideal measure for the current study is to calculate gross floor area constructed per worker day.  

In Singapore, the construction industry’s overall productivity indicator (m2 per worker day) for 

2014 had a value of 0.403, while for the public housing and residential (non-landed) sectors, 

the values were 0.470 and 0.337, respectively (The Singapore Contractors Association Ltd 

2016). Taking 0.35 m2 per worker day as the most likely value, the range of labour productivity 

measurement used for the current study was taken as 0.25–0.55 m2 per worker days. This range 

is supported by data from 20 apartment projects obtained from developer-builder (A). The 

benchmark was set slightly higher than the most likely value, hence, at 0.45 m2 per worker days.  

 

 Proposed critical measures of performance and corresponding ranges 

Based on the critical analysis of the original and revised CMoPs discussed in Sections 6.4.1 to 

6.4.7, the corresponding value ranges are summarised in Table 6.6. The CMoP for quality 

performance was taken as a combination of the number of awards and a recognised quality 

management accreditation, while the rest of the CMoPs were considered individually.  
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Table 6.6 - CMoPs and corresponding value ranges 

Ref Code Critical measure of 

performance 

Value 

indicating 

lower level of 

performance 

Most 

likely 

value 

Benchmark Value 

indicating 

highest level of 

performance 

HS.CMoP Lost time injury 

frequency rate 

(injuries/man-hours) 

8  5 4 0 

QP.CMoP Number of 

awards/nominations 

for construction 

excellence 

0 3 5 10 

Having a recognised 

quality management 

accreditation 

0 0 

EX.CMoP Number of class 2 

dwelling units 

completed within 

last 5 years 

0 250 500 1800 

FP.CMoP Debt-equity ratio   2.8 1.4 1.0 0.5 

EP.CMoP Volume of total 

waste removed from 

site, per gross floor 

area constructed 

(m3/m2) 

0.45 0.40 0.20 0.10 

HR.CMoP Worker turnover rate  30% 20% 15% 10% 

PR.CMoP Labour productivity 

(m2/worker-days) 

0.25  0.35 0.45 0.55  

 

Since the individual data distributions (PDFs) of the variables (CMoPs) of the performance 

model were established along with the relevant benchmarks, the next step was to obtain experts’ 

feedback and refine the values, which is presented in subsequent sections. 
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for a CMoP provided the basic meaning of the measure, its main data sources (literature and 

results from project datasets) and the proposed values for lower-level performance, higher-level 

performance, the most likely value and the benchmark. Figure 6.2 shows an example slide 

displayed to the experts and Appendix 13 presents the complete set of slides and Appendix 14 

presents the interview guide questions used.   

 

Figure 6.2- Example of a slide used in Expert Forum 4 Round 1 

 

After providing explanations for each CMoP and the corresponding proposed values, the 

experts were asked to provide their feedback. The discussions were recorded, transcribed (See 

sample transcript in Appendix 15), coded and interpreted statements were developed and 

categorised (See categorised statements in Appendix 16). At the end of the discussion, the 

experts were reminded of the weights originally assigned to each category of MoP and their 

confirmation was obtained to keep the original weights despite the subsequent changes done 

for the CMoPs. The main points that were highlighted are presented for each individual CMoP. 

Discussion of the proposed values for HS.CMoP 

Lost time injury frequency rate (LTIFR) was the CMoP representing health and safety 

performance. Generally, all the experts were in agreement with the process used to assign key 

LTIFR values. While noting that the inability to capture the severity of injuries using LTIFR is 

a common drawback, E4 agreed to use the LTIFR as a proxy for health and safety performance 

given the approach presented (Ref: EF4R1/E6/A3/S1). Experts E1 and E4 highlighted that there 
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should not be an ‘acceptable maximum value’ when it comes to health and safety-related 

measures (Ref: EF4R1/E1/A9/S1 and EF4R1/E4/A1/S1). Having the words ‘acceptable’ would 

imply that it is allowable to have a certain number of lost time injuries in construction, which 

is obviously improper. Instead, it is better to refer to the LTIFR as a ‘benchmark’, as it should 

only be a point of reference for comparison. Since this argument is applicable to all other 

CMoPs, it was decided to simply refer to it as a benchmark.  

Expert E1 suggested the use of the ‘Safe Work Australia average’ in place of the ‘most likely 

value’ for LTIFR. The value referred to here is actually the benchmark for the building 

construction sector (Table 6.1) given by Safe Work Australia. Similar sources were not 

available for all of the CMoPs. The most likely values were calculated or assumed using 

different methods (previous research, ABS statistics, project datasets, etc.). Therefore, the ‘most 

likely value’ is the preferred title used to refer to that figure across all CMoPs.    

The general feedback suggested that for projects handled by tier 1 or large contractors, the 

LTIFR value would be minimal or zero. Expert E7 highlighted this point, stating that 

contractors involved in large apartment building projects are more likely to achieve a low 

LTIFR value due to the higher number of worker-hours involved compared to smaller projects, 

even if a similar number of injuries occurred (Ref: EF4R1/E7/A4/S3). Representing a tier 1 

contractor, Expert E1 was able to check on the number of lost-time injuries for their projects 

and confirmed that the figure was either zero or very small (Ref: EF4R1/E1/A13/S3). This 

figure could, however, increase for smaller builders. Expert E6 highlighted that larger builders 

are more diligent in safety aspects compared to smaller house builders, who would rarely take 

safety precautions (Ref: EF4R1/E6/A5/S4 and EF4R1/E6/A6/S5). Expert E1’s comments 

reinforced this notion; they stated that regular check-ins and audits by multiple parties, 

regulations and safety training help to lower the lost time injuries of larger builders (Ref: 

EF4R1/E1/A15/S5). Having a clean record for lost-time injuries may be a key objective of such 

builders as it affects their reputation, insurance premiums and ability to win tenders. Having 

said that, E7 mentioned that they discontinued using LTIFR as a KPI due to the stigma around 

it leading to under-reporting (Ref: EF4R1/E7/A10/S6). As a smaller developer-builder, Expert 

E6 stated that it is hard to achieve zero lost-time injuries due to the nature of construction (Ref: 

EF4R1/E6/A3/S2). Since lost time injuries could include anything from a minor injury to death, 

his view was that having a value very close to zero could skew the data. However, given the 
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importance of aiming for zero lost-time injuries and the need to push smaller builders towards 

that target, it would be better to keep a lower value as the LTIFR benchmark. 

Based on experts’ feedback, it was preferred to lower the set benchmark (value of 4.0) for 

LTIFR. Expert E7 was agreeable to a value of 4 or lower, especially for higher valued 

construction projects (Ref: EF4R1/E7/A3/S2). Expert E4 suggested studying the trends in the 

Safe Work Australia benchmarks over the last 5 to 10 years (Ref: EF4R1/E4/A7/S2). If the 

industry-wide trend for LTIFR was decreasing, setting a lower benchmark would be suitable. 

Experts E1 and E6 also had similar opinions; E1 specifically suggested lowering the benchmark 

to 2.0 or less (Ref: EF4R1/E1/Q22/S6 and EF4R1/E6/A4/S3). Expert E3 mentioned that the 

internal benchmark for their previous organisations used to be 2.0 and that they would prefer 

to have a value of around 3.0 (Ref: EF4R1/E3/A4/S1 and EF4R1/E3/A13/S3). Since the type 

of data suggested by E4 was impossible to obtain, it was decided not to lower the benchmark 

significantly closer to zero. Instead, based on the overall feedback from the experts, the 

benchmark value for LTIFR was revised to 3.5. Table 6.7 summarises the proposed values for 

LTIFR, before and after conducting the expert forum. 

Table 6.7 - Values for HS.CMoP after Expert Forum 4 Round 1 

Item 

No 

Type of value LTIFR 

Value presented 

to experts 

Value after revision 

(if any) 

1 Value indicating lower level of performance 8 8 

2 Most likely value 5 5 

3 Benchmark 4 3.5 

4 Value indicating highest level of performance 0 0 

 

Discussion of proposed values for QP.CMoP 

Quality performance was proposed to be measured through a combination of critical measures: 

Number of awards/nominations related to excellence in construction, and the availability of a 

recognised quality management accreditation.  

Given the difficulty in finding a way to measure quality objectively, Expert E1 supported the 

combined use of two proposed measures (Ref: EF4R1/E1/A30/S8). Experts E4 and E6 were 

less convinced at first but agreed on the proposed method after going through the details (Ref: 

EF4R1/E4/A10/S3 and EF4R1/E6/A8/S6). Expert E4 was of the view that quality is 

complicated to measure as builders cannot be penalised for using inferior quality materials that 
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are specified by the designers, which could ultimately lead to defects (Ref: EF4R1/E4/A13/S6). 

This point can be countered by the fact that a builder or contractor has the ultimate responsibility 

to deliver a product that is compliant with all standards and achieves acceptable quality, without 

any excuses. At the end of the discussion, Expert E4 agreed on the combination of CMoPs 

proposed to measure quality but stated that it was not as direct as the CMoP for health and 

safety performance (Ref: EF4R1/E4/A14/S7). Expert E3 suggested the addition of a third 

factor—insurance and legal claims—while preferring to give a lower weight to the awards 

factor of around 25% (Ref: EF4R1/E3/A18/S7 and EF4R1/E3/A30/S10). Expert E7 also 

suggested lowering the weight of the awards factor, giving prominence to quality accreditation 

(Ref: EF4R1/E7/A17/S11). 

Experts E1 and E7 were concerned about the fact that almost all the industry awards are self-

nominated and are costly to enter (Ref: EF4R1/E1/A25/S7 and EF4R1/E7/A15/S8). 

Accordingly, larger builders have the financial capacity to spend on award applications while 

smaller builders struggle to do so and avoid competing. However, this argument is not valid 

based on the data regarding the past winners of several popular construction excellence awards, 

as smaller builders too have had the opportunity to compete and win awards. Expert E6, 

claiming to be a small-scale developer-builder, had won a significant number of construction 

awards in different categories, which negates the notion that larger players dominate the awards. 

However, Expert E1 pointed out that lowering the ‘most likely value’ would be better 

considering the general lack of contractors or developers that apply for such awards (Ref: 

EF4R1/E1/A35/S10).  

Expert E3 highlighted that quality issues have surfaced in some award-winning projects in 

NSW and, therefore, has a greater level of confidence in the measure of quality accreditation, 

(Ref: EF4R1/E3/A17/S5 and EF4R1/E3/A17/S6). Experts E1 and E4 represented tier 1 builders 

and were completely in favour of using ISO quality management accreditation as part of the 

measure for quality performance (Ref: EF4R1/E4/A11/S4). On the other hand, E7, a developer, 

also mentioned that ISO accreditation is highly regarded when selecting a contractor to 

undertake their apartment development projects (Ref: EF4R1/E7/A15/S9).  

Expert E4 highlighted that it is fair to assign 5 points (out of 10) for such quality accreditation 

because it is assessed and audited by external parties (Ref: EF4R1/E1/A33/S9). Expert E6 stated 

that some developer-builders may not apply to get ISO accreditation due to the high cost of 

obtaining and maintaining it (Ref: EF4R1/E6/A11/S9). For example, Expert E6’s medium-
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density developer-builder organisation did not have ISO quality accreditation despite winning 

over 50 state- and national-level awards over the past 20 years (Ref: EF4R1/E6/A11/S7). 

According to E6, having a dedicated person managing ISO requirements in his 25-employee 

base was less practical. Unless there is a clear incentive to obtain ISO quality management 

accreditation, 60–70% of regular builders are unlikely to have it (Ref: EF4R1/E6/A16/S11). 

Specifically, medium-to-small-level developer-builders may not worry about obtaining such 

accreditation as they do not have clients to impress or government projects to win through 

tendering (Ref: EF4R1/E6/A11/S8). Although it may seem valid that smaller builders are 

reluctant to obtain such certification, having such a measure in this kind of performance model 

would be an incentive for them. Furthermore, with the serious issues surrounding defective 

construction of residential apartment projects in NSW, it is likely that customers of future 

developments would require more convincing to invest in such projects. It will, therefore, be 

beneficial for contractors to have ISO quality management accreditation that ultimately affects 

the quality of their output. 

Based on the expert discussions, it was decided to slightly change the equal importance given 

to both ISO accreditation and awards. Accordingly, the score was shifted more towards ISO 

accreditation, such that it would be marked at six out of ten and awards would be four out of 

ten. The revised values are shown in Table 6.8.  

Table 6.8 - Values for QP.CMoP after Expert Forum 4 Round 1 

Item 

No 

Type of value LTIFR 

Value presented 

to experts 

Value after revision 

(if any) 

1 Value indicating lower level of performance 0 0 

2 Most likely value 3 2 

3 Benchmark 5 4 

4 Value indicating highest level of performance 10 10 

 

Discussion of proposed values for EX.CMoP 

The number of apartment units completed within the last five years was taken as a CMoP to 

assess the experience of contractors. This proposed measure was generally perceived well by 

the majority of the experts. For example, Expert E3 generally agreed with the approach but not 

with the scope, stating that this measure is more about scale than experience (Ref: 

EF4R1/E3/A46/S13). Accordingly, projects might have to be segmented based on size, 

complexity, etc. Expert E3 highlighted the fact that some large contractors could use shelf 
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companies to construct some of the projects and, therefore, the number of apartment units 

completed by them might not be entirely indicative of their own experience (Ref: 

EF4R1/E3/A35/S11). Therefore, he introduced another sub-measure to count the number of 

contracting entities per project, while giving less prominence to the number of apartment units 

built (Ref: EF4R1/E3/A48/S14). While these additional measures are likely to increase the 

accuracy in some instances, their relevance to all of the projects is questionable. However, these 

inputs were valuable in refining the scope of the performance model.   

All experts stated that the proposed values may need to be revised. Expert E1 stated that while 

a top developer could easily build 400 apartment units annually, the set benchmark of 500 

apartments (100 per year) would still be too high considering the whole sector (Ref: 

EF4R1/E1/A40/S11 and EF4R1/E1/Q47/S14). As a developer, Expert E7 stated that their 

organisation, over the past few years, has built between 500 and 1500 apartment units per year, 

and indicated that the numbers are cyclical in nature (Ref: EF4R1/E7/A23/S14). He further 

suggested reducing the higher level performance value to around 1000, which translates to 200 

apartment units per year, as this would be more reasonable and would indicate good capacity 

and availability of the proper processes of the respective builder (Ref: EF4R1/E7/A22/S13 and 

EF4R1/E7/A24/S15).  

Similarly, Expert E6 asserted that small- and medium-level builders, which account for around 

70% of the industry, would not be able to build even 50 apartment units per year (Ref: 

EF4R1/E6/A21/S14). Both E1 and E6 pointed out that smaller builders who cater for high-end 

luxury apartments would miss out heavily in this scoring method, as they mainly focus on 

quality rather than quantity (Ref: EF4R1/E1/A42/S12 and EF4R1/E6/A18/S12). Expert E6 

specifically noted that although their medium-density developer organisation won awards for 

almost all their projects, they would not score highly with the proposed benchmark values (Ref: 

EF4R1/E6/A18/S13). To overcome these issues, E1 proposed limiting the scope of the 

performance model to high-density apartment projects and builders (Ref: EF4R1/E1/A45/S13).     

Expert E4 recommended keeping the benchmark at 500 and suggested revising the limits for 

lower-level and higher-level performance (Ref: EF4R1/E4/A23/S13). To make sure that only 

builders with substantial past experience would be eligible to earn points, setting a minimum 

value other than zero would be better (Ref: EF4R1/E4/A15/S8). At the other extreme, if more 

data can be examined, the limit for higher-level performance can be reduced significantly (Ref: 

EF4R1/E4/A21/S12). This was based on the premise that if more past data (beyond the last 5 





213 

 

Table 6.9 - Values for EX.CMoP after Expert Forum 4 Round 1 

Item 

No 

Type of value Number of apartment units 

completed within the last five years 

Value presented 

to experts 

Value after 

revision (if any) 

1 Value indicating lower level of performance 0 0 

2 Most likely value 250 100 

3 Benchmark 500 200 

4 Value indicating highest level of performance 1800 750 
 

Discussion of proposed values for FP.MoP 

To evaluate the financial performance of the organisations, the debt-equity ratio was taken as 

the CMoP. The proposed values were presented to the experts for feedback. The experts were 

generally in agreement with the approach of relying on previous research to decide on suitable 

debt-equity ratio values (Ref: EF4R1/E1/Q50/S16, EF4R1/E4/A28/S14, EF4R1/E3/A55/S16 

and EF4R1/E7/A26/S16). Expert E1 pointed out that contractor cash-flow issues would be 

reflected by this CMoP (Ref: EF4R1/E1/A49/S15). This is especially relevant when assessing 

the financial performance of contractors that are at risk due to defective construction works and 

other financial issues. Expert E3 preferred to have at least one more sub-measure attached to 

financial performance (Balance sheet growth over five-year period; Ref: EF4R1/E3/A53/S15). 

However, since the majority of experts were in agreement with using the debt-equity ratio alone, 

it was decided to be kept without further change. 

Expert E7 stated that having a debt-equity ratio of more than two would definitely be a concern 

for a contractor or developer (Ref: EF4R1/E7/A26/S17). Expert E6 was of the view that 

developers aim for an industry norm of 70% debt and 30% equity (Ref: EF4R1/E6/A27/S16). 

This would translate into a debt-equity ratio of 2.3, which is slightly higher than the desired 

range of 1.0–2.0 proposed by Peterson (2020), as discussed in Section 6.4.4. However, the key 

difference here is the applicability of the proposed range to commercial contractors as opposed 

to residential developers. Since the apartment construction sector is a blend of both developer-

builders and typical contractors, the values proposed by Peterson (2013) could be slightly 

adjusted to reach a common ground. As discussed previously in Section 6.4.4, the range of debt-

equity ratio for residential builders was higher than that of commercial builders, with debt 

financing identified as the reason for this difference. Since apartment construction has features 

of both these sectors, slightly increasing the benchmark would be better, especially to 
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accommodate developers. Accordingly, the values for this CMoP were revised, as proposed in 

Table 6.10.        

Table 6.10 - Values for FP.CMoP after Expert Forum 4 Round 1 

Item 

No 

Type of value Debt ratio of the organisation 

Value presented 

to experts 

Value after 

revision (if any) 

1 Value indicating lower level of performance 2.8 3.0 

2 Most likely value 1.4 2.0 

3 Benchmark 1.0 1.5 

4 Value indicating highest level of performance 0.5 0.5 

 

Discussion of proposed values for EP.CMoP 

The waste generation rate, calculated as the ratio between the volume of construction waste 

removed from site and the gross floor area constructed, was the CMoP proposed to measure 

environmental performance. All the experts had positive responses to the use of this measure. 

There were several important observations and comments that were helpful in adjusting the 

proposed values to better suit the targeted sector. 

Expert E1 had experience in the use of off-site construction methods such as design for 

manufacture and assembly, and commented that such methods are reflected when measuring 

waste removal (Ref: EF4R1/E1/A53/S17). Expert E1 further commented that the construction 

of high-end luxury apartments can result in both extreme low and high values for waste 

generation rate (Ref: EF4R1/E1/A54/S18). The higher end may be approached when using 

more bespoke components compared to the limited designs used for high-density regular 

apartments. Expert E6 commented similarly about the amounts of waste generated being 

dependent on the construction method. With a proven track record of constructing award-

winning apartments, E6 admitted that the generation of waste at their sites could be 

comparatively high due to the use of more traditional methods of construction that aim to 

achieve high quality (Ref: EF4R1/E6/A29/S18). For example, facades built using traditional 

bricks and mortar could generate more waste compared to those built with cladding. Expert E6 

further commented that while 50% of builders do not keep records of the waste removed from 

their sites, good builders do monitor it and do their best to minimise waste as it is within their 

own interest to reduce material wastage and cost (Ref: EF4R1/E6/A30/S19 and 

EF4R1/E6/A29/S18). However, since builders often rely on waste removal contractors to 

remove their construction waste from sites, keeping records of the number of skip bins used is 
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possible. The measure can be further developed to identify the method of disposal and the level 

of recycling, depending on future data availability. 

The waste generation rate (WGR) values calculated from the data sources resonated with Expert 

E7’s organisation's project records based on rough calculations (Ref: EF4R1/E7/A28/S20). 

Expert E4 suggested several changes to the proposed WGR values based on the data presented. 

Considering the fact that nearly 40% of apartment projects had a WGR value of more than 0.45, 

E1 commented that the lower-level performance value, which is also set at 0.45, could be 

slightly increased (Ref: EF4R1/E4/A29/S15). Considering the points raised by E1 and E6 about 

high-end apartments, providing a small allowance for the figures seems to be reasonable. 

Similarly, the value indicating a higher level of performance can also be slightly increased (Ref: 

EF4R1/E4/A32/S17). The benchmark value of 0.20 was originally derived from research based 

in Hong Kong and Israel, where the land area is extremely small compared to that of Australia, 

which has sufficient land-fill locations (Katz & Baum 2011; Poon et al. 2004). Therefore, the 

benchmark may not need to be set as aggressively and could be increased. Based on the 

comments and further justifications, the revised set of values for the CMoP are presented in 

Table 6.11.        

Table 6.11 - Values for EP.CMoP after Expert Forum 4 Round 1 

Item 

No 

Type of value Waste generation rate (m3/m2) 

Value presented 

to experts 

Value after 

revision (if any) 

1 Value indicating lower level of performance 0.45 0.55 

2 Most likely value 0.40 0.40 

3 Benchmark 0.20 0.35 

4 Value indicating highest level of performance 0.10 0.15 
 

Discussion of proposed values for HR.CMoP 

In order to measure the human resources strength of an organisation, the worker turnover rate 

was proposed, with corresponding ranges. All experts agreed on the measure and the manner 

in which the values were derived based on previous research and industry statistics. Expert E6 

mentioned that tracking the number of people leaving a business is a good way to gauge the 

human resources performance of an organisation (Ref: EF4R1/E6/A32/S20). According to E4, 

the worker turnover rate is usually monitored on a project-by-project basis (Ref: 

EF4R1/E4/A33/S18). Although this is the ideal way to monitor it, it may not be adequately 

recorded for projects by most contractors. There could be limitations in monitoring due to 
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different arrangements, contract types, etc. However, Experts E4 and E7 highlighted that the 

focus is more about the turnover of significant staff members (e.g. project managers, etc.) rather 

than all types of employees (Ref: EF4R1/E4/A33/S19 and Ref: EF4R1/E7/A33/S24). This 

comment aligns with E1’s comment on the same during Expert Forum 2 Round 1, where they 

mentioned how a project had become disastrous due to an extremely high turnover of project 

leaders (Ref: EF2R1/E1/A20). Therefore, it is better to specify that the worker turnover rate 

should be measured for key staff. 

Expert E7 commented about the duration over which the worker turnover rate is calculated and 

highlighted that a longer period (around 5 years) may be better to avoid the impact of the 

cyclical nature of the industry and the inevitable job losses during the COVID-19 pandemic 

(Ref: EF4R1/E7/A29/S22 and EF4R1/E7/A31/S23). There were not any suggestions by the 

experts to revise the proposed values for worker turnover rates. Expert E7 stated that the values 

can remain the same or be slightly reduced if needed (Ref: EF4R1/E7/A29/S21). E1 mentioned 

that their organisation’s worker turnover rate of 7% was considered to be a very good value in 

the sector (Ref: EF4R1/E1/A56/S19), hence supporting the proposed figures. Therefore, 

specifying a benchmark of 15% along with other values was reasonable and was kept without 

any change.   

Discussion of proposed values for PR.CMoP 

Labour productivity was the proposed critical measure for productivity performance. For this 

CMoP too, all experts were in general agreement regarding the proposed values, which were 

based on previous research and actual project data.  

Expert E4 commented that it is better to specify on-site labour, rather than just any type of 

labour (Ref: EF4R1/E4/A36/S20). With an increasing tendency to use more off-site 

manufactured components for construction, this point is valid in avoiding any confusion when 

calculating the labour input. Expert E4 further stated that overall project performance is better 

and more productive when more work is done off-site (Ref: EF4R1/E4/A37/S21). Expert E6 

was opposed to this view, stating that off-site construction could skew the productivity data 

(Ref: EF4R1/E6/A33/S21). However, the use of off-site constructed components 

(manufacturing components in a factory) was deemed a positive development as it is bound to 

reduce waste and improve quality. If off-site components are involved, the labour productivity 

figures would reflect that, which needs to not be considered as skewing the data. The argument 
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from E6 is understandable considering the high-end apartments constructed by their 

organisation, where some work items are labour-intensive due to the requirement to maintain 

construction quality (Ref: EF4R1/E6/A34/S22). Conversely, E4 noted that having fewer 

workers doing more work could lead to poor quality results despite producing a high labour 

productivity score (Ref: EF4R1/E4/A40/S24). To overcome this, E4 suggested the use of a 

supplementary measure-project days per gross floor area constructed (Ref: 

EF4R1/E4/A38/S22). Although this would be helpful, it is not possible to include a time 

component, which was intentionally removed as a performance category during Expert Forum 

2 due to its contentious nature. Additionally, Expert E3 proposed exploring productivity based 

on the labour requirement per unit of constructed output, taking a similar approach to the mining 

industry, where labour days per tonne of coal produced is a common metric (Ref: 

EF4R1/E3/A73/S21).   

Based on a basic calculation, Expert E7 confirmed that the proposed values for labour 

productivity (most likely and benchmark) were acceptable (Ref: EF4R1/E7/A40/S25). Praising 

the proposed objective measures such as labour productivity, E7 stated that they intend to use 

it as a measure for comparison of their own projects (Ref: EF4R1/E7/A42/S26). Since the 

overall performance model is a combination of all these CMoPs, it is expected that the 

limitations will be balanced out (e.g. productivity vs environmental performance vs quality 

performance). Therefore, the values proposed for PR.CMoP remained the same (Refer Table 

6.6) as they were generally agreed upon by all experts.   

6.6.2 Expert Forum 4 Round 2: Data collection and analysis 

Following the round of expert interviews, the critical values proposed for some of the CMoPs 

were revised, as discussed in Section 6.6. To determine the level of expert consensus, the 

proposed changes were circulated among the experts and their feedback was collected. An 

online questionnaire was developed using the Qualtrics platform, where each of the seven 

CMoPs were presented as seven separate questions. For each CMoP, the originally proposed 

values for the levels of performance and the corresponding revised values (if any) were 

presented alongside comments received from the experts during Round 1 (Figure 6.4 provides 

an example, while Appendix 17 provides the complete questionnaire). The experts were asked 

to indicate their level of agreement in the revised/finalised set of CMoP values using a Likert 

scale (Very Low = 1, Low = 2, Moderate = 3, High = 4, Very High = 5). Additionally, the 

experts were given the opportunity to comment on each of the CMoPs and their 
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revised/finalised values. Unique questionnaire links were shared with each expert and the 

results were collected through the Qualtrics system.      

 

Figure 6.4 - Sample of follow-up questionnaire survey for Expert Forum 4 Round 2 

 

The results of the follow-up survey are summarised in Table 6.12.   
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Table 6.12 - Results of Expert Forum 4 Round 2 

CMoP 

Code 

Critical measure of performance 
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Level of agreement by the experts 

Expert E1 Expert E3 Expert E4 Expert E6 Expert E7 

HS.CMoP Lost time injury frequency rate 

(injuries/man-hours) 

8  5 3.5 0 High     

(4/5) 

Moderate 

(3/5) 

Low      

(2/5) 

Moderate 

(3/5) 

High     

(4/5) 

QP.CMoP 

 

Number of awards/nominations for 

construction excellence in the last 5 

years   (4 points) 

0 2 4 10 
High     

(4/5) 

High     

(4/5) 

High     

(4/5) 

Moderate 

(3/5) 

High     

(4/5) 

Having a recognised quality 

management accreditation (6 points) 

EX.CMoP Number of class 2 dwelling units 

completed within last 5 years 

0 100 200 750 High     

(4/5) 

High     

(4/5) 

High     

(4/5) 

High     

(4/5) 

High     

(4/5) 

FP.CMoP Debt-equity ratio   

 

3.0 2.0 1.5 0.5 High     

(4/5) 

Very High 

(5/5) 

High     

(4/5) 

High     

(4/5) 

Low      

(2/5) 

EP.CMoP Volume of total waste removed from 

site, per gross floor area constructed 

(m3/m2) 

0.55 0.40 0.35 0.15 
High     

(4/5) 

High     

(4/5) 

Very High 

(5/5) 

High     

(4/5) 

High     

(4/5) 

HR.CMoP Key staff turnover rate  30% 20% 15% 10% 
High     

(4/5) 

Very High 

(5/5) 

Very High 

(5/5) 

Very High 

(5/5) 

High     

(4/5) 

PR.CMoP On-site labour productivity (m2/man-

days) 

0.25  0.35 0.45 0.55  
High     

(4/5) 

High     

(4/5) 

High     

(4/5) 

High     

(4/5) 

High     

(4/5) 
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Apart from the Likert scale-based ratings, the experts provided comments regarding some of 

the CMoPs. For HS.CMoP, Expert E1 was concerned whether the LTIFR measure can have a 

decimal value. However, as a ratio, the LTIFR may have a decimal value based on the values 

reported by Safe Work Australia (Refer Table 6.1). Therefore, the use of 3.5 as the LTIFR 

benchmark would not become an issue. On the other hand, Expert E4 commented that the 

construction industry as a whole should aim for a LTIFR value of 2.5. While ‘moderately’ 

agreeing with the CMoP and its corresponding values, Expert E6 preferred to keep the 

benchmark LTIFR as 4.0.  

Two comments concerning the QP.CMoP were received from the experts. Expert E1 

highlighted the fact that awards may be won by recently constructed buildings that could turn 

out to be failures several years later. This can, however, occur for any type of building 

irrespective of having won an award or not. Assessing quality performance partly based on the 

number of awards is based on the assumption that such contractors/developers yearn to gain 

reputation based on high-quality output. Therefore, it is implied that such 

contractors/developers will try their best to maintain their reputation by delivering high-quality 

output without any serious failures. Expert E6 restated his original comment regarding ISO 

quality accreditations being too costly for small developers/builders. However, the majority of 

experts maintained that such accreditation is important, and the weight (internally, between the 

two CMoPs of quality performance) was increased accordingly.    

With regard to EX.CMoP, Expert E1 restated her previous comment (in Round 1) about luxury 

apartment developers/builders getting penalised due to a low number of apartments being built 

compared to those of mid- or high-density developers/builders. While this may be true for a 

limited set of high-end developers/builders, the majority may only build regular quality/priced 

apartments. The decision to limit the model to apartment projects other than high-end ones was 

taken after receiving actual project input and analysing the resultant performance scores. 

Therefore, for the time being, it was decided not to define any further criteria when calculating 

the EX.CMoP score based on the number of apartment units constructed within the last five 

years. 

For FP.CMoP, Expert E1 made the following comment; “Reasonable builders shouldn't have 

debt as they are cash-flow positive from monthly client claims. However, builders that have a 

development arm may move money around so it may be hard to track that”. This comment 

reflects the reasoning behind the proposed debt-equity ratio values. Since the performance 
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model is aimed at apartment construction, the relevant parties include builders, developers and 

developer-builders. It becomes complicated as there are different business setups within these 

organisations. While it is preferable to not be heavily reliant on debt, as explained in Section 

6.4.4, the values for FP.CMoP were assigned in the best possible way to accommodate all types 

of builders/developers.    

As presented in Table 6.12, through the second round of Expert Forum 4, it was evident that 

the experts reached a consensus on the CMoPs and their corresponding lower, upper, most 

likely and benchmark values.  

 Summary 

This chapter presented the establishment of data distributions for each CMoP included in the 

performance model. To define the distributions, the CMoPs were explored in detail, especially 

in consideration of data availability. Two large-scale developer-builders and one contractor 

provided data based on availability. The feedback from the data providers influenced the 

revision of some of the CMoPs, which was also supported by an additional literature review. 

Accordingly, the finalised set of critical measures were: lost time injury frequency rate, number 

of awards won/became finalists for construction excellence in the last five years, having a 

recognised quality management accreditation, number of class 2 dwelling units completed 

within last five years, debt-equity ratio, waste generation rate (volume of total waste removed 

from site per gross floor area constructed), key staff turnover rate, and on-site labour 

productivity. Corresponding lower level, higher level, most likely and benchmark values were 

proposed based on the literature, industry norms and actual project data. These values were 

refined and confirmed by the end of the second round of the fourth expert forum. The next 

chapter describes 1) the application of Monte Carlo simulation to finalise the contractors’ 

performance index, 2) development of a prototype mobile application for the performance 

index, and 3) the model validation process.   
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7 Performance index development and validation  

 Introduction 

A performance index with weights was developed using a fuzzy analytic hierarchy process, as 

explained in Chapter 5. The index was further developed based on expert opinions and actual 

project data, industry norms and previous research, as explained in Chapter 6. Benchmarks were 

created for each critical measure of performance, as discussed in that chapter. This chapter 

explores the process of performance index development using Monte Carlo simulation (MCS). 

According to the triangular data distributions established for each critical measure of 

performance, MCS was initially applied to individual components, as elaborated in Section 7.2. 

Next, the process of MCS and establishment of the overall benchmark and probability 

distribution of the total performance score are discussed (Section 7.3). A mobile application 

prototype was developed to present the performance index, as explained in Section 7.4. The 

developed performance index was validated by applying actual project data (Section 7.5). The 

application of the performance index was explored both as a self-evaluating tool as well as an 

industry analytical tool. Finally, it was validated through an expert forum, as presented in 

Section 7.7. 

 Defining distributions for the critical measures of performance 

The data distributions of the critical measures of performance (CMoPs) were defined after the 

completion of Expert Forum 4, as explained in the previous chapter (Table 6.12). However, the 

CMoPs were not suitable for direct use in an index as they were not unidirectional (higher 

values of some CMoPs indicate better performance while others indicate lower performance). 

As highlighted by Beauséjour and Mac-Thiong (2020), commonly used predictive modelling 

approaches include linear, additive and unidirectional reasoning. In addition, the CMoPs use 

different units of measurement. For example, the lost time injury frequency rate (LTIFR) is 

measured in ‘Numbers per hour’, with lower values indicating better performance; while labour 

productivity is measured in ‘m2/days’, with higher values indicating better performance. 

Therefore, all CMoPs needed to be converted to a unit-less unidirectional scoring system. A 

summary of the Microsoft Excel-based formulae used for the conversion is provided in Table 

7.1. 
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Table 7.1- Converting CMoPs to become unidirectional and unit-less 

Code Sample value Unit Conversion formula 

HS.CMoP A Nr/hour =IF(A>8,0,(10-(10*A/8))) 

QP.CMoP B None =IF(B>10,10,10*B/10) 

EX.CMoP C Nr =IF(C>750,10,10*C/750) 

FP.CMoP D None =IF(D<0.5,10,IF(D<3,(10-(10*(D-0.5)/2.5)), 0)) 

EP.CMoP E m3/m2 =IF(E<0.15,10,IF(E<0.55,(10-(10*(E-0.15)/0.4)), 0)) 

HR.CMoP F None =IF(F<0.1,10,IF(F<0.3,(10-(10*(F-0.1)/0.2)), 0)) 

PR.CMoP G m2/day =IF(G<0.25,0,IF(G<0.55,(10*(G-0.25)/0.3), 10)) 

   

The logic of the conversion formulae listed in Table 7.1 can be explained using several 

examples. For instance, HS.CMoP is measured using lost time injury frequency rate in number 

of accidents per hour as the unit. The upper limit, which was derived as 8, should therefore 

result in the least score. Hence, if the sample value ‘A’ is greater than 8, the formula would 

result in zero. On the other hand, the lowest value of having zero injuries should result in the 

highest score of ten. Therefore, the remaining portion of the formula proportionately divides 

the LTIFR value by 8 and compares to a scale of zero to ten. Similarly, the relevant logic for 

each CMoP was derived considering the value ranges and the directions (‘higher the better’ or 

‘lower the better’). 

When the conversion was done, the resulting lower, upper, most likely and benchmark values 

were recorded as indicated in Table 7.2.  
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Table 7.3 - Monte Carlo simulation data input and output distributions 

CMoP 

Benchmark 

 

B 

Input Weight 

 

W 

Output Revised 

Benchmark 

 

B’ = B*W 

Data distribution formula 

D 

Mean 

M 

Data distribution formula 

D’ 

Mean 

M’ 

HS.CMoP 5.63 D1 = RiskTriang(0,3.75,10) 4.58 W1 = 30.9% =RiskOutput( )+D1*W1 1.42 1.74 

QP.CMoP 4.00 D2 = RiskTriang(0,2.00,10) 4.00 W2 = 19.2% =RiskOutput( )+D2*W2 0.77 0.77 

EX.CMoP 2.67 D3 = RiskTriang(0,1.33,10) 3.78 W3 = 13.3% =RiskOutput( )+D3*W3 0.50 0.35 

FP.CMoP 6.00 D4 = RiskTriang(0,4.00,10) 4.67 W4 = 12.9% =RiskOutput( )+D4*W4 0.60 0.77 

EP.CMoP 5.00 D5 = RiskTriang(0,3.75,10) 4.58 W5 = 9.1% =RiskOutput( )+D5*W5 0.42 0.46 

HR.CMoP 7.50 D6 = RiskTriang(0,5.00,10) 5.00 W6 = 8.3% =RiskOutput( )+D6*W6 0.42 0.62 

PR.CMoP 6.67 D7 = RiskTriang(0,3.33,10) 4.44 W7 = 6.3% =RiskOutput( )+D7*W7 0.28 0.43 

                                                                          Overall  5.14 
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The user interface comprised several key screens, as shown in Figure 7.3 and explained below: 

1. Login screen: This allows an authorised user to enter their credentials and gain access 

to the mobile application. 

2. Home screen: This acts as the main menu providing access to other screens such as 

‘Organisation details’, ‘Project details’ and ‘Overall performance scores’. 

3. Organisation details screen: After entering the organisation name and selecting the 

type, the user can start entering performance-specific data by choosing shortcuts for 

quality, financial, experience or human resources performance. Based on the data 

inputs, the relevant performance scores are calculated and dynamically displayed 

(Figure 7.4). 

 

 

 

 

 

 

 

 

 

 

 

4. Project details screen: The user can begin entering project details by accessing this screen, 

which leads to individual project screens where basic information such as the project 

name, location, type, gross floor area, onsite workforce, lost time injuries and waste 

removal data are entered. There is no predefined number of project details to be entered. 

However, the contractors are advised to input as many project details as possible in order 

to obtain a refined overall score. In order to maintain currency of the data, the user is 

advised to enter details of projects completed within the last five years only. Once the 

details are entered, the subsequent screens present the results (see Figure 7.5 for an 

example).   

Figure 7.4 - Sample screens showing organisation specific data entry and results 
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example of how the performance score for a contractor could be calculated based on data from 

a single construction project.  

Table 7.4 - Calculation of CMoPs from organisation and project records (example) 

Organisation specific and project specific data obtained 

Name of Organisation Developer-Builder (A) 

Project Type 

Low to mid-rise 

apartment 

Total gross floor area (m2) 35,310 

Number of Units  371 

Waste Taken off-site (m3) 19,495 

Workforce on-site (Worker-hours) 698,271 

Workforce on-site (Worker-days) 87,283.88 

Number of lost time injuries 3 

Start Date 1/05/2014 

End Date 30/09/2016 

Organisation’s debt-equity ratio 0.052 

Availability of ISO quality accreditation Yes 

Number of quality related awards won during last 5 years 5 

Number of quality related award finalists during last 5 years 2 

Number of apartment units completed in last 5 years 11850 

Key staff turnover rate  20.5% 

Calculation of Critical Measures of Performance 
 

Calculation of CMoPs 
Originally 

calculated 

Converted 

to scale 

Multiplied 

by weights 

HS.CMoP (Lost time injury frequency rate) 

3 x 1,000,000 /698,271  =  4.3 

4.3 4.63 1.43 

QP.CMoP (Quality accreditation & awards) 

Score for ISO quality accreditation              = 0 

Score for being winner of awards    = 5 x 1 = 5 

Score for being finalist of awards = 2 x 0.5 = 1 

Overall score (maximum 4 for awards)       = 4 

4 4.00 0.77 

EX.CMoP (Number of units completed) 11850 10.00 1.33 

FP.CMoP (Debt-equity ratio)  0.052 10.00 1.29 

EP.CMoP (Waste generation rate) 

19,495  /35,310  = 0.55 kg/m2 

0.55 kg/m2 0.00 0.00 

HR.CMoP (Key staff turnover rate) 20.5% 4.78 0.40 

PR.CMoP (Labour productivity)  

35,3105 /87,283.88  = 0.40 m2/days 

0.40 m2/days 5.15 0.33 

Total performance score based on the given project   5.54 

 

In this scenario, the ‘Originally calculated’ column presents the actual critical measures with 

their respective units and the ‘Converted to scale’ column presents the values after being 

converted to unit-less measures (Table 7.1). The next column provides the total performance 

scores after multiplying by the calculated weights (see Table 5.13 for the weights). Based on 
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the current scenario, if the performance of developer-builder (A) was to be assessed purely on 

a given project, it would be mentioned as 5.54 (Table 7.4). The total performance score of 5.54 

is slightly higher than the benchmark of 5.14 set by the performance model. Therefore, the 

performance of developer-builder (A) could be considered to be above the benchmark. 

However, this value is dependent on the input of additional project data. Depending on the 

number of construction projects from which data was entered, the overall score for the relevant 

contractor/developer can be calculated by taking the average. As such, based on the data from 

a total of 25 projects, the actual performance score for developer-builder (A) was calculated 

and is discussed in Section 7.6.1. While the majority of the data points in Table 7.4 were directly 

used as inputs for the performance model. Several other additional details were also collected 

based on their availability. ‘Project type’ categorised each project record as low-rise, low-to-

mid-rise, mid-rise and high-rise apartments, enabling further analysis as presented in Sections 

7.6.1 and 7.6.2. The start and end dates of each project were utilised to arrange the project 

scores in chronological order for further analysis. Sections 7.6.1 and 7.6.2 analyse the results 

obtained from the performance model in various aspects. 

7.6.1 Use of the performance model as a tool for self-evaluation 

A key use of the proposed performance model is to use it to self-evaluate the level of 

performance by contractors or developer-builders by inputting their organisation- and project-

specific data. To explore the use of the model in this setup, developer-builder (A)’s performance 

scores based on their 25 apartment projects were plotted, as shown in Figure 7.8. 

 
 

Figure 7.8 – Overall performance scores based on projects of developer-builder (A) 
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The 25 projects, labelled from A.1 to A.25, had completion dates ranging from 30/06/2016 to 

30/04/2020. Since QP.CMoP, EX.CMoP, FP.CMoP and HR.CMoP were organisation-specific 

measures, their total value of 3.78 remained a constant for any of these 25 data points. The 

remaining three CMoPs (HS.CMoP, EP.CMoP and PR.CMoP) varied based on each apartment 

construction project and resulted in the different performance scores. The average performance 

score for developer-builder (A) was 6.47, which was considerably higher than the benchmark 

(5.14). Compared to the example taken in Table 7.4, where the same developer-builder achieved 

a score of only 5.54 based on just one project, a refined and more reflective figure of 6.47 was 

achieved by the inclusion of 25 projects. In contrast, for developer-builder (B) and contractor 

(C), based on the low number of projects (two and four respectively), the average performance 

scores calculated would not be sufficiently representative. 

Another clear observation from Figure 7.8 is that 80% of the projects of developer-builder (A) 

led to performance scores that were above the benchmark. If the sub-benchmark figures are not 

included, the average score would rise significantly (up to 7.00). Therefore, it is clear that the 

overall performance score generated by the proposed system is heavily dependent on the 

individual projects, as up to a total of 4.64 out of 10 points vary dynamically based on project-

specific CMoPs. When using this tool to self-evaluate performance, users must ensure they 

include as much data as possible to obtain a more accurate rating. The possibility of foul play 

would be minimised in this instance, as the user would prefer to enter all relevant data more 

truthfully. However, if the performance scores were to be calculated and presented to another 

party (for example, a regulatory body), then there is the possibility of data manipulation by 

entering only data from better-performing projects, which limits the accuracy of using the 

proposed performance model.       

The chronological order of the performance scores (based on project completion dates) 

indicates a couple of noticeable drops through the period of 30/06/2016 to 30/04/2020. The 

performance score dropped from November 2017 through August 2018 (projects A.11 to A.15) 

and again after December 2019 (projects A.24 and A.25). While there could be other underlying 

reasons, with sufficient data points, such trends in the overall level of performance could be 

identified by using this performance model. Another noticeable observation was that high-rise 

apartment projects (red markers) generally scored low—either just above the benchmark or less 

than the benchmark. None of the low-to-mid-rise projects (green markers) scored below the 

benchmark and only two of the 12 low-rise projects (blue markers) scored below the 
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benchmark. This is, again, an indication of how a developer/builder could evaluate and compare 

the performance of their individual projects and identify any patterns or common issues by 

inputting as many data points as possible. To get a better understanding of the causes of change 

to the overall performance score, separate graphs were plotted for HS.CMoP (Figure 7.9), 

EP.CMoP (Figure 7.10) and PR.CMoP (Figure 7.11). 

 

Figure 7.9 - Health and safety performance scores based on projects of developer-builder (A) 

 

Fifteen of the projects scored the maximum possible score of 3.09 for health and safety 

performance and recorded zero lost-time incidents. These 15 projects helped developer-builder 

(A) to achieve an above-average benchmark score for health and safety performance despite 

having around one-third of their total projects scoring lower than the benchmark. It was evident 

that the high-rise apartment construction projects scored significantly lower than the benchmark 

value when the health and safety performance scores were plotted as shown in Figure 7.9. For 

developer-builder (A), this self-evaluation would, therefore, provide some important insights 

into their problem areas, such as the higher than expected lost time injuries recorded, especially 

for high-rise projects. It could be due to the fact that high-rise projects are more complicated 

and are more prone to height-related accidents. Conversely, the findings raise some red flags 

for the poor health and safety performance of low-rise projects like A.12 and A.25, despite 

being presumably safer than high-rise projects.     
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Figure 7.11 plots the productivity scores for each apartment project of developer-builder (A). 

It is evident that, productivity-wise, developer-builder (A) was a poor performer, with only one 

project scoring above the benchmark. Five projects did not score any points, indicating the 

possibility of low output by their workers.  

As discussed, based on the different types of performance score plots for developer-builder (A), 

it is clear that the proposed performance model can provide some important insights if used 

properly. The results were presented to the data provider to obtain their confirmation and 

feedback. Developer-builder (A) was expected to obtain a high overall performance score 

reflective of them being a well-reputed and experienced apartment developer-builder that is one 

of the largest in the whole country. Based on the relative frequency histogram of overall 

performance (Figure 7.8), the score of 6.47 achieved by developer-builder (A) was within the 

top 1.2% of the industry. In terms of the organisation-specific scores, a low debt-equity ratio 

confirmed their financial stability and a large project portfolio resulted in the maximum score 

for ‘Experience in similar projects’. The average overall performance scores based on each 

apartment sector (based on height) indicate that developer-builder (A) had some challenges in 

terms of high-rise building construction, especially in terms of health and safety. With regard 

to quality performance, the data provider agreed that their in-house quality management system 

was holding back their quality score, and they could have reached the full score if they were 

ISO-accredited. Hence, the use of the performance model for self-evaluation by 

developers/builders was validated through application of construction project and 

organisational data. The next section discusses the applicability of the model as a tool for 

analysing industry performance.  

7.6.2 Use of the performance model as a tool for analysing industry performance  

The secondary use of the proposed performance model was to evaluate the construction 

industry, in terms of apartment developers or builders. The same set of limitations as identified 

in its usage for self-evaluation apply (Section 7.6.1), along with several additional challenges. 

For example, it is crucial to enter data for all relevant construction projects to gauge each 

contractor or developer. Unlike when using the tool for self-evaluation, the truthfulness of the 

data is significant when comparing levels of performance across the entire industry. Based on 

the limited data obtained, Figure 7.12 depicts the average performance scores obtained by three 

entities representing the apartment construction/development sector of the NSW construction 

industry.  
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Figure 7.12 - Industry average performance scores based on apartment project types 

 

According to Figure 7.12, which is based on 31 projects by three developers/builders in NSW, 

the average performance scores (hypothetical means for the industry based on three data 

providers) for each type of apartment ranged from 6.58 to 7.19. The high-rise apartment 

construction sector received the lowest scores. However, all four different types of apartments 

(based on height) scored higher than the benchmark, on average. Provided a representative set 

of data are input, valid inferences can be made by extrapolating the average performance scores 

for the low-rise, low-to-mid-rise, mid-rise, and high-rise apartment construction sectors. 

The overall average performance scores of each data provider were also plotted as line graphs. 

Developer-builder (B) scored significantly higher than the others. However, due to the very low 

number of projects used to compute the performance scores, the overall levels of performance 

of developer-builder (B) and contractor (C) would not be accurately represented. Therefore, for 

proper use of this model as an industry evaluator, it is vital to enter all relevant project 

information from all players in the industry.   

Figure 7.13 presents the overall performance scores calculated using data from three data 

providers for all 31 apartment construction projects, plotted in chronological order of project 

completion. 
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meeting. After providing a brief explanation about the Contractors’ performance index (CPIx) 

tool, the experts were given a ‘walkthrough’ of the mobile application. The demonstration was 

conducted to provide a user experience in using the mobile application, with example data 

entered to show the outcomes in relevant locations. The key steps of this demonstration are 

listed below: 

1) Enter credentials in the login screen. 

2) Overview of the home screen: ‘Organisation details’, ‘Project details’, ‘Overall 

performance score’. 

3) Organisation details: Enter name and select organisation type. Click on one of the 

organisation-specific performance data inputs. 

4) Quality performance: Enter relevant data, show how the performance score changes, 

show how it indicates where the contractor stands compared to the industry. 

5) Repeat the above steps for Experience, Financial Performance and Human Resources. 

6) Project details: Choose to add details for Project 1. 

7) Project 1 details: Enter name, location, project type, gross floor area, onsite workforce, 

lost time injuries and waste removed from site. 

8) Project 1 performance scores: Show how health and safety performance details are 

summarised, show how the performance score is changed, show how it indicates where 

the contractor stands compared to the industry. 

9) Repeat the above steps for environmental performance and productivity performance. 

10) Show how performance scores for health and safety, environmental performance and 

productivity are calculated for a set of projects as an average. 

11) Overall performance scores: Explain the organisation-specific scores and project-

specific scores and how they add up to give an overall performance score for the 

relevant contractor/developer. Show how the result indicates whether the score is 

below the industry average value or above the industry benchmark. 

12) Advanced Statistics: Describe the probability distribution curve for overall 

performance score and indicate the benchmark. Explain other details such as the mode, 

minimum and maximum values. 
 

Once the mobile application prototype was demonstrated as explained above, the next step was 

to present the overall process of performance model development. 

Presenting the process of performance model development 

Following the prototype mobile application demonstration, the experts were presented with a 

summary of the development process of the performance model. As the majority of the experts 
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were external to the research, the presentation was intended to provide a holistic view. The main 

topics covered are listed below: 

1) Research background 

2) Research methodology 

3) Conceptual model creation 

4) Identifying, categorising and shortlisting categories of measures of performance 

5) Critical measures and respective data distributions 

6) Monte Carlo simulation process and its results 

7) Summary of performance scores calculated using actual projects 

8) Scatterplots categorising the performance scores of actual projects  

 

The presentation was able to resolve most of the doubts the experts had regarding the prototype 

mobile application. For the new experts, in particular, it provided context about the entire 

process and its rigour. The final step was to obtain their feedback, which is explained in the 

next section. 

Feedback on validation criteria 

While any comments or clarifications were recorded during the previous two stages of the 

validation expert forum, a standard set of features were included to obtain their feedback 

systematically at the end. The experts were asked to rate the CPIx through eight validation 

parameters: fit-for-purpose, comprehensiveness, practicality, veracity/truthfulness, objectivity, 

replicability, reliability and approach taken to develop the model. They indicated their level of 

satisfaction with the given features using a Likert scale where 1 = very unsatisfied, 2 = 

unsatisfied, 3 = neutral, 4 = satisfied and 5 = very satisfied. The results are summarised in Table 

7.5. Furthermore, the experts were asked to comment on any drawbacks, possible 

improvements and other possible uses of the performance model.    
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Table 7.5 - Results of Expert Forum 5 Round 1 

 

Validation criteria 

Scoring scale 

1 (Very unsatisfied)               5 (Very satisfied) 

 

Median 

Score Expert 

E1 E6 E7 E8 E9 E10 E11 

1. Fit-for-purpose 4 4 4 5 4 5 1 4 

2. Comprehensiveness 4 3 4 5 4 5 2 4 

3. Practicality  4 4 4 5 5 5 4 4 

4. Veracity/truthfulness 3 4 4 5 4 3 1 4 

5. Objectivity 4 4 4 5 5 5 1 4 

6. Replicability 4 4 5 5 5 5 4 5 

7. Reliability 4 4 4 5 4 5 2 4 

8. Approach to model development 4 4 5 5 5 5 2 5 

 

Based on the median scores obtained for the validation criteria, it was clear that the experts 

were generally satisfied with the CPIx. It was generally well regarded by almost all the experts 

who represented contractors, developers, consultants, researchers and academics. Two of the 

experts were very satisfied, rating all the criteria as ‘5’. The responses from Expert E11 were 

outliers that unduly influenced the mean scores for the majority of validation criteria, given that 

the number of experts was only seven. As a measure of central tendency, the mean is very 

sensitive to outliers, whereas the median is extremely insensitive (Leys et al. 2013). 

Furthermore, the effect of having several outliers can be highly significant when a study 

involves a small number of data points (Hartwig et al. 2020). Hence, the median was considered 

as a better indicator of the collective opinions of experts for each validation criterion in this 

situation. Accordingly, the median scores ranged between 4 (satisfied) and 5 (very satisfied), 

indicating a high level of consensus among the experts. Hence, it was justifiable to conclude 

the expert forum without another round. Sections 7.7.2 to 7.7.9 present the results and 

discussions of each validation criterion. 

7.7.2 Fit-for-purpose  

The mean score received indicated that the fitness for purpose aspect of the CPIx was generally 

perceived to be satisfactory (Table 7.5). Expert E10 stated that he had not come across any 

similar type of performance assessment tool in his long career in construction and that it will 
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certainly benefit its users (Ref: EF5/E10/A12/S5). Experts E7 and E8 opined that this tool 

would push developers or builders to improve their performance in certain areas as it provides 

a comparison with the rest of the industry (Ref: EF5/E7/A19/S4 and EF5/E8/A16/S4). While 

this tool will yield different answers depending on the tier of the builder, it is mostly needed for 

small and medium-sized enterprises where there is much room for performance improvement 

(Ref: EF5/E8/A18/S5). Although it was mainly introduced as a self-evaluation tool for 

contractors/developers, some of the experts indicated that it can be used by construction clients 

when selecting prospective contractors. For example, Expert E1 was confident that a 

government client like Schools Infrastructure could implement the use of a tool like CPIx as a 

tender requirement, thereby pushing tenderers to be involved in the culture of performance 

measurement and improvement (Ref: EF5/E1/A56/S13). However, Expert E7 highlighted that 

clients can use such a performance model for evaluating contractors only if the weights of the 

measures of performance are adjustable (Ref: EF5/E7/A27/S7). In particular, the weights for 

quality or financial performance should be at the top in such a situation (Ref: EF5/E8/A7/S2). 

There were a few points highlighted by the experts as limitations with regard to CPIx’s fitness 

for purpose. Expert E6 was satisfied with the overall concept but not with the weighting system, 

especially that for quality performance. As explained by E6, giving a higher internal weight to 

ISO accreditation could penalise smaller builders or developers, irrespective of them being 

highly regarded (Ref: EF5/E6/A9/S2). Similarly, Expert E1 stated that a high-end luxury 

apartment developer who is considered a good performer in the industry might score very low 

for experience due to their low volume of work (Ref: EF5/E1/A32/S7). Expert E11 was of the 

view that awards are not suitable for indicating quality, as fine-scale assessments are not done 

when judging such awards (Ref: EF5/E11/A36/S5). However, the experts were content with 

the concept of the performance model and the possibility of refining it once implemented. 

Hence, the scores for fit-for-purpose were either ‘satisfied’ or ‘very satisfied’ (except for Expert 

E11).       

7.7.3 Comprehensiveness  

Comprehensiveness achieved an overall ‘satisfactory’ rating (Table 7.5). Expert E10 

commented that the tool is very thorough and the use of expert opinions makes it more valid 

(Ref: EF5/E10/A12/S4). The systematic approach used to develop the model, especially the use 

of the Delphi method in the expert forums, was commended by Expert E9 (Ref: EF5/E9/A8/S2). 

All the experts were generally satisfied with the seven areas of performance evaluated through 
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the CPIx. No one raised issues of not including time- or cost-related measures, which further 

validates the criteria used in the performance model and the importance of the non-price 

measures. It further indicates that these seven MoPs are comprehensive enough to determine 

contractor performance, for a start.     

7.7.4 Practicality  

‘Practicality’ was one of the criteria that received very high ratings from the experts (Table 7.5). 

They commented on how feasible or practical it was to use the CPIx, or the concept thereof, 

within the industry. In particular, tier 1 builders have the capacity to measure and keep records 

of the related metrics (Ref: EF5/E6/A12/S4). They record such data in a very systematic way 

and take decisions accordingly (Ref: EF5/E8/A1/S1). While the CPIx can be practically 

implemented in the industry by higher tier operators, the majority that are smaller contractors 

would not record them properly (Ref: EF5/E6/A13/S6) and would not value such a tool (Ref: 

EF5/E6/A14/S7). However, Expert E6 commented that this tool would encourage smaller 

players to reach higher levels of performance. Further, as Expert E9 highlighted, the soft 

approach to collecting data with minimum effort or intervention makes this performance tool 

attractive and practical (Ref: EF5/E9/A17/S1). Expert E11, who was critical of the use of 

awards as a sub-measure of quality, opined that quality can be practically measured using data 

such as the warranty of a building, defect claims, etc. (Ref: EF5/E11/A42/S6). However, it is 

not practical and defeats the purpose of obtaining readily accessible data.      

7.7.5 Veracity/truthfulness  

The veracity of the proposed CPIx received an overall mean score between neutral and 

satisfactory, making it the only criterion to slightly fall behind compared to other validation 

criteria (Table 7.5). This measure is about the accuracy or truthfulness of the associated data 

and its results with the use of the prototype mobile application. The main concern the experts 

had regarding veracity was the potential for users to manipulate data. For example, Expert E1 

rated it as neutral solely based on the user’s perspective (Ref: EF5/E1/A60/S14). Although 

Expert E6 rated it as satisfactory, he commented that it all depends on the individuals who input 

the data (Ref: EF5/E6/A14/S8), and that tier 1 builders would generally do so more genuinely 

than smaller builders (Ref: EF5/E6/A13/S5). Expert E1 further stated that the dynamic nature 

of the tool would encourage users to tweak their answers until a satisfactory score is achieved 

(Ref: EF5/E1/A24/S6). While all these comments are relevant and acceptable to a certain 

degree, there are limitations in distinguishing the truthfulness of data entry. As this tool is 



246 

 

proposed as a concept, it is up to the users to use it properly. Contractors or developers are 

expected to use the proposed model as a self-evaluative tool, where genuine inputs can yield 

genuine results. Veracity can be improved and made robust if a regulator is behind the 

implementation and monitors it, as suggested by Expert E6 (Ref: EF5/E6/A15/S9).     

7.7.6 Objectivity  

‘Objectivity’ looks at how the tool uses measures to capture performance without subjectivity. 

From the overall mean rating of 4.0 (Table 7.5), it was evident that the experts felt the model 

comprised a mechanism to measure performance objectively. Experts E7 and E10 proposed the 

introduction of some subjective or qualitative measures to support the quantitative or objective 

measures currently used in the CPIx (Ref: EF5/E7/A12/S1 and EF5/E10/A9/S1). However, 

such implementation would defeat a key principle of this model, which is the use of objective 

or quantifiable measures. This, in fact, makes it unique compared to other forms of performance 

measurement.    

7.7.7 Replicability  

The performance model was considered highly replicable based on the overall mean score of 

‘very satisfactory’ (Table 7.5). Experts E7 and E10 stated that the performance model, which 

was very comprehensively developed, could be adopted in any field of construction and could 

be extended to other industries, such as the manufacturing and IT-related services (Ref: 

EF5/E7/A28/S8 and EF5/E10/A16/S7). Expert E10 further added that, with suitable 

adjustments based on location, the CPIx could be applied across beyond the state of NSW (Ref: 

EF5/E10/A13/S6).      

7.7.8 Reliability  

The reliability of the model was generally perceived to be good and received a mean rating 

equivalent to ‘satisfactory’ (Table 7.5). The comments by experts revealed that reliability was 

viewed from two angles: whether the outputs given by the model are reliable and whether the 

data entered are reliable. Expert E11 highlighted that performance can be looked at through a 

risk lens or a trust lens, such that reliability can depend on which aspect is followed by this 

model (Ref: EF5/E11/A12/S2). Expert E7 opined that while the system itself is reliable, the 

only concern is about the reliability of the data inputs (Ref: EF5/E7/A15/S2). This, in fact, goes 

back to the veracity aspect as well. On the other hand, Experts E1 and E10 discussed the 
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transparency of data usage by such a system where its users are concerned with anonymity, data 

access by regulators, etc. (Ref: EF5/E1/A53/S11 and EF5/E10/A10/S2). This would affect the 

level of trust in the tool. Expert E1 further stated that concerns about reliability can be overcome 

by addressing issues of the sensitivity of the data (Ref: EF5/E1/A54/S12). Likewise, there could 

be improvements made to the proposed model if it was implemented widely.     

7.7.9 Approach to model development 

The last criterion encompassed all aspects regarding the model development process and was 

especially supported by the presentation done after the prototype mobile application 

demonstration. It was also rated very highly (Table 7.5). None of the experts had any specific 

issues regarding the overall approach taken to develop the performance model, except for 

Expert E11, who represented the regulatory side. Expert E1 noted that the use of Monte Carlo 

simulation was sensible (Ref: EF5/E1/A6/S1). Expert E7 added that the use of a series of expert 

forums was satisfactory (Ref: EF5/E7/A17/S3). On the contrary, Expert E11 was of the view 

that the overall framework could have been set based on what can be measured in the future as 

opposed to what can be measured currently (Ref: EF5/E11/A21/S3). However, one of the key 

features of this research was to develop a model based on readily available data. Hence, it would 

defeat that purpose if the performance model was to propose new data points. Anyway, it can 

be refined later once sufficient data is able to be captured.       

 Summary of the validation process 

The validation process was conducted with two main approaches: 1) Using construction project 

data (Section 7.6) and 2) through an expert forum (Section 7.7). The application of the 

developed CPIx to evaluate the performance of the three developer-builders and contractors 

was successful, as the results were indicative of the expected levels of performance. This was 

further confirmed through detailed analysis of projects and organisation-specific data based on 

Developer-builder A. The feedback given by the data provider (Developer-builder A) further 

substantiated the accuracy of the performance model. The application of the CPIx in evaluating 

overall industry performance was also analysed in parallel to that of self-evaluation. The results 

hint at the possibility of using the proposed model at a large scale to map the overall 

performance of contractors/developer-builders. The validation in Expert Forum 5 also proved 

to be successful, with all the criteria being highly rated by the experts (Section 7.7.1). 

Accordingly, the validation process of this research can be considered to be successful.   
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 Summary 

This chapter started by explaining the process undertaken to develop the performance index 

using Monte Carlo simulation. After defining the data distributions for each critical measure of 

performance, the overall probability density function of the system was obtained after running 

the model for 100,000 iterations (Refer to sections 4.10.1, 4.10.2, and 4.10.3 for more details 

regarding the Monte Carlo Simulation process). The resulting performance index, along with 

the benchmark figures, was used to create a prototype mobile application for ease of 

presentation. Microsoft Power Apps was used to develop the relevant user interfaces and link 

them with the proper formulae to replicate the functions of the performance index. Next, taking 

two approaches, the developed performance index (CPIx) was validated using actual project 

data obtained from data providers. The usability of the CPIx as a self-evaluation tool was 

explored in detail. Next, its applicability as an industry analysis tool was assessed. Both avenues 

indicate possible usages and limitations. Finally, a Delphi-based expert validation forum was 

conducted with the participation of seven experts who rated the CPIx based on eight validation 

criteria. The results indicate that the experts were satisfied with the CPIx. The next chapter 

provides a discussion on the findings with regard to the CPIx.    
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8 Discussion 

 Introduction 

Previous chapter presented the final stages of development of the contractors’ performance 

index (CPIx) followed by its validation through application of construction project data, as well 

as through a Delphi-based expert forum. The CPIx predicts the performance of contractors 

based on a limited set of readily available and easily measurable set of measures that are directly 

attributable to the contractors. Contractors’ performance is assessed with the assumption that 

better-performing ones would deliver more successful projects. This chapter provides a detailed 

discussion on how the CPIx relates to the literature and bridge the research gaps identified in 

Chapter 1. It compares CPIx to other performance measurement systems and discusses to what 

extent their limitations are overcome by CPIx (Section 8.2). Limitations of CPIx are also 

explained in section 8.2.3. Next, the developed CPIx is compared to the major aspects of 

performance which are measures, dimensions and outcomes of performance (Section 8.3). 

 Comparing the contractors’ performance index with other 

performance measurement systems  

Performance measurement in construction has been conducted in various ways throughout the 

years. It has involved appraisal of both the process and the product in order to obtain a collective 

sense of total performance (Cha & Kim 2011; Kagioglou, Cooper & Aouad 2001). The 

Chartered Institute of Building (2020) highlighted the requirement for feedback loops to 

consider ‘lessons learned’ from construction project outcomes, which could lead to an overall 

improvement of performance in the construction industry. The recency of this statement 

indirectly indicates that a systematic, widely applicable and sustained system of performance 

evaluation has not been established within the construction industry to date.   

As discussed in Section 2.3.2, the construction industry requires performance measurement 

systems comprised of appropriate and meaningful measures that facilitate appraisals (Chartered 

Institute of Building 2020) and can also capture project-based and fragmented performance 

information (Kärnä & Junnonen 2016). Some of the frequently used performance measurement 

systems include European Foundation for Quality Management (EFQM) Excellence Model, 

Malcolm Baldrige National Quality Award (MBNQA) Model, Strategic Measurement Analysis 

and Reporting Technique (SMART), Performance Measurement Process Framework (PMPF), 
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Performance Prism (PP) and Balanced Score Card (BSC) (Horta & Camanho 2014; Lop et al. 

2018; Tsolas 2011). Striteska and Spickova (2012) and Lop et al. (2018) evaluated these 

systems and highlighted their limitations. Some of the main limitations such identified are listed 

below: 

 The number of metrics is too low or too high (BSC) 

 Does not provide guidelines to design and implement effective performance 

measurement/ mechanism to identify key performance indicators (EFQM, SMART, PP) 

 Some measures are not effective in practice (PP) 

 Lacks criteria for measuring performance at the project level (MBNQA Model, PP)  

The proposed performance model (CPIx) overcomes the above listed limitations as evident 

from the validation process (Section 7.5) and is discussed in detail in the subsequent paragraphs. 

Having a significantly low or high number of metrics – Striteska and Spickova (2012) 

identified having too many or too few metrics as a weakness in some performance measurement 

systems. CPIx comprises seven critical measures of performance (CMoPs) that were identified 

through a rigorous process. The first stage of shortlisting occurred in Expert Forum 1 (Section 

5.3), where only the high-ranking categories were chosen, which resulted in ten categories of 

MoPs. The final stage of shortlisting occurred in Expert Forum 2 (Section 5.4.3), where three 

of the categories of MoPs naturally dropped due to their limitations. The resulting seven 

categories of MoPs (Health and safety, quality, financial performance, human resources 

strength, experience, environmental performance, and productivity) and their corresponding 

CMoPs were found to be sufficiently comprehensive as evidenced by the high level of 

satisfaction of the experts who validated the model based on the ‘comprehensiveness’ 

validation criterion (Section 7.7.3).        

Lack of guidelines to design and implement measures - According to Lop et al. (2018), some 

performance measurement systems do not have clear guidelines or mechanisms to implement 

the performance measures effectively. CPIx overcomes this issue by clearly establishing the 

CMoPs. The seven categories of MoPs are fixed and the respective CMoPs are clearly defined. 

Rather than adopting a high level evaluation of performance, the model developed provides 

feedback based on tangible metrics which are pre-selected. Therefore, it becomes easier for the 

users to generate performance scores using CPIx.  
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Ineffective measures in practice - Striteska and Spickova (2012) highlighted that some 

measures used in some performance measurement systems are practically ineffective. In 

contrast, practicality was one of the highest-rated criteria of CPIx during the validation expert 

forum (Section 7.7.4). The measures are meaningful and appropriate for the category of 

performance that they represent. According to Expert E9, the reliance on metrics which can be 

obtained with minimum effort and intervention improved the practicality of the developed 

performance model. The use of simple and readily accessible metrics makes it equally 

applicable to the higher-tier contractors as well as lower-tier ones that lag behind such record-

keeping practices. Therefore, it can be considered that CPIx has practical and effective 

measures.   

Lack of project-level criteria for performance measurement - The CPIx consists of four 

organisation-specific measures and three project-specific measures. The use of project-specific 

measures (critical measures related to health and safety, environmental performance and 

productivity) confirms the point highlighted by Cooke-Davies (2002) on individual project 

performance collectively adding up to the organisational performance. Project-level criteria 

contribute up to 46.3% of the overall performance score, based on the assigned weights. 

Therefore, CPIx significantly relies on project-based measures and provides a balanced view 

of the overall organisation’s level of performance.  

8.2.1 Comparison with CII Benchmarking and metrics 

The Construction Industry Institute’s (CII) ‘Benchmarking and metrics’ system is a widely used 

performance management systems that enables self-evaluation of project performance and best 

practices (Construction Industry Institute 2020). The literature on performance measurement 

indicates that construction performance can be more aligned with ‘benchmarking’, which 

enables direct comparison to expected levels of performance and supports continuous 

improvement (Cha & Kim 2011), as opposed to the performance measurement systems that are 

more focussed on high-level performance targets (Section 2.3.3). The CPIx shares similarities 

to CII Benchmarking and metrics system in terms of CMoPs, such as core project team 

turnover, construction productivity, safety incidents, etc. At the same time, the CPIx has 

overcome some of the limitations of the CII Benchmarking and metrics, as presented in Table 

8.1. 
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Table 8.1 – Addressing limitations in the CII benchmarking and metrics  

Limitations of the Benchmarking & metrics 

system of CII 

Contractors’ performance index (CPIx) 

Heavily reliant on price based measures  

(eg:  actual cost, cost expectation etc) 

Does not include any price measures as those are 

not completely within contractor’s control   

Most measures require subjective judgments 

(eg: project teamwork, project quality, team 

communication etc) 

Only comprise of quantitatively measurable 

metrics 

Some quantitative measures could be hard to 

access or record (eg: field rework)  

Only comprise of metrics that can be readily 

obtained from project or organisation records 

The reliance on many data points could 

discourage smaller organisations to use the 

system effectively 

Summarises overall level of performance based 

on a limited set of critical measures. 

An overall performance score is not provided An overall performance score is provided which 

allows for rapid performance comparison 

 

While minimising the issues and extending beyond the limitations of CII Benchmarking and 

metrics, the proposed CPIx shares some similarities as well. The critical performance measures 

used in the CII Benchmarking and metrics system have been defined by a committee of industry 

representatives (Markovic, Dutina & Kovacevic 2011), which justifies the use of expert 

opinions in formulating the CMoPs in CPIx. Other key similarities between the two systems 

are briefly described below:   

Continuously updated database of performance information - As explored in Section 7.6.2, 

one of the key uses of the CPIx is to be used as an industry analytical tool. CII Benchmarking 

and metrics system collects and stores data of all project details entered (Construction Industry 

Institute 2020) thereby leading to a rich pool of data where performance can be continuously 

monitored. Likewise, the CPIx can also be implemented widely across the industry to gather 

data (which can then fine-tune the performance model periodically).    

User-friendly interface -   Markovic, Dutina and Kovacevic (2011) highlighted that the CII 

web-site has a user-friendly web-based interface which facilitates the performance 

measurement process. This is comparable with the prototype mobile application developed for 

the CPIx. Although it was originally developed as an aid for validation, the CPIx can be 

developed as a stand-alone mobile application and as a web-based interface for the potential 

users.  

Immediate evaluation – Another feature of CII Benchmarking and metrics which was 

commended by Markovic, Dutina and Kovacevic (2011) is its ability to provide real-time 
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feedback about performance for the user. As demonstrated in section 7.4, CPIx too provides the 

performance scores immediately for each category of MoP as well as the overall score, with 

indications of relative performance compared to the set benchmarks.  

8.2.2 Comparison with the KPI Initiative of Constructing Excellence in the UK 

The KPI initiative led by Constructing Excellence in the UK is a comparable counterpart to the 

CII Benchmarking and Metrics programme in the USA. As explained in Section 2.8.1, the KPI 

initiative has a rich database of performance information based on established measures that 

have been used throughout the UK construction industry. Compared to the CII Benchmarking 

and metrics system, the KPIs are more specific and relatable to the measures used in the CPIx. 

Measures such as waste removed per project cost (environment), accident-incident rate (safety), 

and staff turnover rate (The KPI Team 2018) are closely associated with the corresponding 

CMoPs used in this research. Some of the limitations of the KPI Initiative and how the CPIx 

addresses those are summarised in Table 8.2.  

Table 8.2 – Addressing limitations in the KPI Initiative of Constructing Excellence  

Limitations of the KPI Initiative of 

Constructing Excellence  

Contractors’ performance index (CPIx) 

Does not evaluate the organisation’s financial 

performance, experience or labour 

productivity. 

These aspects are evaluated as they were found to 

be important when assessing the overall 

performance of a contractor. 

Some measures require subjective judgments 

(eg: quality being evaluated via client 

satisfaction surveys) 

Only comprise of quantitatively measurable 

metrics 

An overall performance score is not provided An overall performance score is provided which 

allows for rapid performance comparison 

 

It is evident that the CPIx has acquired certain aspects from both the CII Benchmarking and 

metrics programme as well as the KPI initiative of Constructing Excellence. However, none of 

these benchmarking systems provides a weighted association among performance categories 

like the CPIx does. Being developed based on a performance formula, the CPIx has the 

advantage of providing more meaningful performance scores that incorporate all critical aspects 

of contractor performance. Further, it enables rapid appraisal of contractors and promotes 

continuous evaluation and improvement. 
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8.2.3 Limitations of the contractors’ performance index 

While the CPIx was able to overcome most of the limitations of comparable performance 

measurement systems as explained in sections 8.2.1 and 8.2.2, there are several other limitations 

of the CPIx which are presented in this section. 

 Reliance on a single critical measure for each category of MoP – Except for quality 

performance which included two CMoPs, the remaining six categories of MoPs are 

represented by six CMoPs. The performance model was intentionally designed to be 

reliant on a limited set of measures to improve its practicality in use. It is admitted that 

having only one CMoP to represent the relevant performance sector is a trade-off 

between accuracy and practicality. 

 Reliance on awards as a critical measure for quality performance – With a weight of 

40%, the second CMoP used for quality performance in the CPIx is the number of 

quality or excellence related awards won/ became finalist by the contractor. Unlike the 

primary CMoP of quality accreditation which is conducted in a systematic and 

recognised procedure (for example, ISO quality accreditation), it is admitted that there 

is no direct method of verifying the judging process for awards, which may be on a 

granular level when assessing the quality of built assets. As discussed in Section 6.6.1, 

based on the expert opinions, the weight for the awards related CMoP was reduced to 

minimise this effect. With wider usage of the CPIx, this secondary CMoP could be 

replaced with a better representative CMoP. 

  Having fixed weights for the variables – The seven CMoPs are given fixed weights 

within the performance model, which may be considered as a limitation. Formula-based 

performance indices, such as the one developed by Yeung et al. (2013), also comprise 

fixed weights. The CPIx intended to develop the methodology, which was not possible 

if the weights were not defined.  However, it is possible to overcome this limitation by 

periodically revising the weights based on expert opinions. 
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 Comparing the contractors’ performance index with major aspects 

that impact contractor performance 

The CPIx was developed based on the relationships among major aspects of performance 

established in Figure 2.6. It presented an inverted pyramid which started from four streams of 

measures of performance (success criteria, critical success factors, key performance indicators, 

and contractor prequalification and selection criteria) that were measured and narrowed down 

to two dimensions of performance (efficiency and effectiveness) and, ultimately, led to the 

prediction of outcomes of performance (success and failure). The subsequent sections discuss 

how this relationship between the major aspects was utilised in developing the CPIx.  

8.3.1 Measures of performance and the CPIx 

Measures of performance were defined in this research as all the measures that can be utilised 

to gauge performance through the dimensions of efficiency and effectiveness (Section 2.6). 

Based on this notion, all measures related to success criteria, critical success factors, key 

performance indicators and contractor prequalification and selection criteria were explored 

through comprehensive literature searches, leading to 28 categories of MoPs (Section 2.10). 

The combination of four streams of MoPs ensured that all the important measures were utilised 

in the model. For example, as presented in Table 8.3 , while some categories of MoPs such as 

health and safety, financial performance, quality performance and environmental performance 

were applicable across all four streams, the remaining ones were applicable to only two or three 

of the four streams.    

Table 8.3 - Origination of categories of MoPs across four streams of MoPs 

Categories of Measures of 

Performance 

Success 

criteria 

Critical 

success 

factors 

Key 

performance 

indicators 

Contractor 

prequalification and 

selection criteria 

Health and safety performance X X X X 

Quality performance X X X X 

Financial performance X X X X 

Human resources strength  X X X 

Experience in similar projects  X  X 

Environmental performance X X X X 

Productivity achievement X  X  
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Based on Table 8.3, it is clear that exploring across all four streams resulted in a more balanced 

set of categories of MoPs for the development of the CPIx, as opposed to conducting it in 

separate silos. 

8.3.2 Dimensions of performance and the CPIx 

Efficiency and effectiveness were identified as the two main dimensions of performance 

(Section 2.5). According to Hu and Liu (2018), the overall performance could be enhanced by 

improving efficiency at the project level and effectiveness at the organisational level. In this 

research, efficiency was defined as the measure of the extent to which input is properly utilised 

to achieve an intended output. Table 8.4 compares the efficiency-related measures with 

expected construction project outcomes  identified by He et al. (2021) and Takim, Akintoye 

and Kelly (2004).  

Table 8.4 - How CPIx addresses efficiency-related project outcomes 

Expected construction project 

outcomes in terms of efficiency 

How efficiency-related measures are addressed by the CPIx 

Excellent quality of 

workmanship and material used 

Quality performance is measured via two CMoPs. Having a 

recognised quality management accreditation would effectively 

improve overall quality of the work done, covering both 

workmanship and material used. Similarly, winning and being 

finalists of construction excellence related awards indicate the 

high quality of project outcomes undertaken by the contractor. 

Meeting regulations or 

specifications 

Achieving the expected level of quality can be related to meeting 

the required regulations or specifications. 

Meeting health, safety and 

environment goals 

Health and safety performance is directly measured based on 

lost time injury frequency rate and environmental performance 

is measured through waste generation rate. 

Integration of process 

improvement programmes and 

policies 

Having a quality management accreditation partly covers this 

aspect as it affects process improvement within the organisation 

as well as the project. 

Efficient resources management Productivity is measured based on labour productivity rates 

which indicate the level of efficiency of utilising labour 

resources for a project. 

Resolution of conflicts/ Absence 

of legal claims 

Although a direct measure of conflicts or legal claims was not 

included in the CPIx, it is assumed that they are less likely to 

occur when quality and health and safety are maintained.  

Accomplishing project 

objectives   

Although not measured directly through the CPIx, some aspects 

such as quality can be related to project objectives. Time and 

cost related aspects are not measured. 
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Atkinson (1999) stated that measuring effectiveness is a key component in the process of 

measuring success of any system. Accordingly, effectiveness was defined as the measure of the 

extent to which a desired output is achieved. Table 8.5 summarises how the CPIx relates to 

effectiveness measures identified by He et al. (2021) and Takim, Akintoye and Kelly (2004).   

Table 8.5 - How CPIx addresses effectiveness related project outcomes 

Expected construction project 

outcomes in terms of effectiveness 

How effectiveness-related measures are addressed by the 

CPIx 

Accomplishing corporate missions 

and core business needs 

For contractors, a core business need would be to have 

financial stability, which can be measured through debt-

equity ratio used in the CPIx. A corporate mission of an 

organisation could be to become a reputed and trusted 

contractor, which is evidenced by having a significant project 

portfolio. This can be indicated through the experience 

attained by completing projects (measured based on the 

construction output) as used in the CPIx. 

Meeting client’s satisfaction/ 

stakeholders’ needs and 

expectations 

The CPIx does not include a direct measure of client 

satisfaction or stakeholder expectation achievement, mainly 

owing to the limitations of having quantitative metrics. 

 

Based on the comparisons made against efficiency measures and effectiveness measures, it is 

evident that the developed performance model (CPIx) significantly covers the two dimensions 

in evaluating performance of contractors. 

8.3.3 Outcomes of performance and the CPIx 

This research defined outcomes of performance to be a continuum between success and failure 

(Section 2.4). The concept of success was explored under two main aspects: project 

management success (based on short-term objectives) and product success (based on long-term 

objectives), which have been discussed by various researchers using differing terminology 

(Aldhaheri, Bakchan & Sandhu 2018; Baccarini 1999). Apart from being influenced by project 

management success, product success is complicated and takes longer to measure. Therefore, 

the reliance on project management success related measures, as used in the CPIx, can be 

justified. Product success related measures such as client and stakeholder satisfaction were 

naturally eliminated during the initial shortlisting done through Expert Forum 1 (Section 5.2.5). 

With regard to failure as the other end of the continuum, some of the major factors of project 

failure listed in Section 2.4.2 were incorporated in the CPIx, as given below: 
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Financial difficulties – A contracting organisation can face financial difficulties that can be 

reflected via different measures. Debt-equity ratio is the financial performance related CMoP 

used in the CPIx. It indicates the risk taken by creditors compared to the risk taken by the 

organisation’s owners or investors (Pamulu, Kajewski & Betts 2007; Peterson 2020). Based on 

the value ranges used for the CPIx (Table 6.12), debt-equity of more than 1.5 would indicate 

that the organisation is relying more on debt compared to its equity, hence indicating financial 

difficulties. Value of 2.8 or above would therefore indicate complete failure in terms of financial 

performance.    

Poor construction management - One aspect of construction management is to utilise 

resources efficiently to attain higher level of productivity. Labour productivity is one of the 

partial factors of productivity which compares the work output against labour input (Shehata & 

El-Gohary 2011). The labour productivity value ranges used in CPIx (Table 6.12) can be used 

to gauge poor productivity. For example, labour productivity value less than 0.45 m2/worker-

day would indicate poor productivity, which suggests poor construction management. If it falls 

below 0.25 m2/worker-day, it can be considered as a failure in productivity achievement.   

Poor workmanship – The quality of the built asset mainly relies on the quality of materials 

used and the workmanship. The quality aspects of CPIx are measured using a combination of 

availability of a recognised quality accreditation and winning or becoming finalists of quality 

or construction excellence related awards (Table 6.12). Based on the value ranges assigned, a 

score less than 4 out of 10 would indicate lower performance of quality which can be linked to 

poor workmanship as well. 

Accidents due to lack of safety consideration – In the CPIx, health and safety performance is 

gauged based on lost time injury frequency rate (LTIFR) which is the measure used by Safe 

Work Australia (2021) to benchmark across the industry. According to the value ranges 

established and confirmed (Table 6.12), LTIFR value of more than 3.5 would indicate lower 

level of performance. It is considered a complete failure if the value goes beyond 8. 

Based on the above, it is clear that the two outcomes of success and failure are incorporated 

within the CPIx. The definitions of data distributions for each CMoP resulted in most likely 

values and also setting up of the benchmarks (Section 6.5). These enable the outcomes of 

performance evaluation to be expressed based on performance scores, in comparison to the 

industry benchmarks. Since the performance scores are computed individually as well as 
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 Summary 

The focus of this chapter was to discuss how the Contractors’ performance index (CPIx) relates 

to literature and addresses the research gaps. Initially, the CPIx was compared to other 

performance measurement systems identified from literature, highlighting their limitations and 

how the CPIx relates to them. Specifically, the CII Benchmarking and metrics system and the 

KPI Initiative of Constructing Excellence were explored in detail, comparing to the developed 

performance model. It was revealed that the CPIx had overcome majority of the limitations of 

these two performance measurement systems. Despite these achievements, the CPIx’s own 

limitations were explained as well. Next, the CPIx was explored with regard to the original 

relationships established between the major aspects of performance, and how it has evolved 

through the research. Accordingly, the relationship between the measures, dimensions and 

outcomes of performance was discussed based on the CPIx. The next chapter concludes the 

thesis by reviewing the research aims and objectives in light of the research outcomes. The 

contributions to knowledge and future research directions are also identified and discussed. 
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9 Conclusions   

 Introduction 

This chapter presents the conclusions of this research, reviewing both the aim and objectives. 

The research objectives are reviewed by discussing the methods adopted to achieve them and 

by summarising the outcome of each objective (Section 9.2). Next, the overall contribution to 

knowledge and benefits from the research are explained (Section 9.3) while highlighting the 

specific uses of the self-evaluating tool of performance (Section 9.3.1) and in terms of an 

industry performance analysis tool (Section 9.3.2). This is followed by the key limitations of 

the research (Section 9.4) and recommendations to industry (Section 9.5). This chapter and the 

overall thesis conclude by identifying future research avenues in Section 9.6. 

 Achievement of the research aim and objectives 

The main aim of this research was to develop a model to predict construction contractor 

performance based on easily accessible, quantitatively measurable and contractor-specific 

measures. This provides a tool for improving contractor performance. Five objectives were 

established and were presented in Chapter 1, Section 1.3. The subsequent sections discuss the 

five objectives of this research and provide conclusions on how they were achieved. 

9.2.1 Achievement of Research Objective 1 

The first objective of this research was to identify, define and analyse the different outcomes, 

dimensions and measures of performance (RO1). This objective was achieved through an 

extensive literature review (Chapter 2) and answered research question RQ1 (What are the 

linkages between the major aspects that impact contractors’ performance?). In order to explore 

the concept of performance in construction, literature related to the industry’s background 

(Section 2.2.1) and its stakeholders (Section 2.2.2) was reviewed, specifically highlighting the 

significance of the process of contractor selection (Section 2.2.3). It was evident that a rigorous 

system is required to accurately rate contractor performance at the point of involving them in a 

project. Later, the concept of performance measurement was evaluated and its challenges in 

terms of the construction industry were discussed in detail (Section 2.3.1). Accordingly, the 

resistance to performance measurement, uniqueness of each construction project, and 

limitations of adopting established performance measurement systems (as used in 

manufacturing) were found to be the main obstacles. Despite these challenges, the different 
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types of performance measurement systems adopted in construction were explored (Section 

2.3.2), specifically highlighting the concept of benchmarking used in the industry to compare 

performance (Section 2.3.3).  

Prior to exploring the dimensions and measures of performance, the outcomes were discussed, 

where success or failure were considered to be the two possible extremes (Section 2.4). 

Dimensions of performance can be discussed in terms of efficiency and effectiveness. Based 

on the literature findings, efficiency was defined as the extent to which input is properly utilised 

to achieve an intended output, which basically focuses on project success (Section 2.5.1). 

Conversely, effectiveness was defined as the extent to which the desired output is achieved, 

hence focusing on product success (Section 2.5.2). The importance of viewing performance in 

construction through both the dimensions of efficiency and effectiveness was established. 

Measures of performance were identified as success criteria, critical success factors, key 

performance indicators, and contractor prequalification and selection criteria, based on the 

detailed literature review. Success criteria were defined as the criteria that need to be achieved 

in order to consider a construction project as successful (Section 2.7.1). Critical success factors 

were defined as the limited set of success factors having the most impact on the performance 

of a project leading towards success (Section 2.7.3). This research defined key performance 

indicators as the measures used to compare performance against set standards throughout a 

project (Section 2.8). Based on the literature, the measures used to predict the capability of 

prospective contractors in successfully performing a project were considered as contractor 

prequalification and selection criteria (Section 2.9). 

The comprehensive literature searches conducted on all four streams of measures of 

performance in construction resulted in the identification of 146 critical success factors, 20 

success criteria, 67 key performance indicators, and 39 contractor prequalification and selection 

criteria (Sections 2.7.4, 2.7.5, 2.8.2 and 2.9.1, respectively). The collation of these four types 

of measures of performance revealed many common features, which resulted in 28 categories 

of measures of performance (Section 2.10). Chapter 2 concluded by establishing the 

relationship among major aspects of performance to showcase the measures, dimensions, and 

outcomes of performance (Section 2.11 and Figure 2.6). 
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9.2.2 Achievement of Research Objective 2 

The second objective was to determine suitable methodologies to model the measures used in 

predicting contractor performance (RO2), through which Research Question RQ2 was 

answered (How can past project performance predict contractors’ future performance?). This 

was achieved by comprehensively reviewing literature related to performance prediction 

models (Sections 3.4 and 3.5), multi-criteria decision-making methods (Section 3.6) and Monte 

Carlo simulation (Section 4.10.1). 

The measures of performance identified in Section 2.10 were required to be arranged in a way 

that enables the prediction of contractor performance. The 28 categories of MoPs thus identified 

were considered as the variables that enable performance measurement (and thereby predict 

performance). A linear additive model was utilised as the conceptual performance model, with 

the assumption of mutual preferential independence of the variables (Nassar & AbouRizk 

2014). Accordingly, the conceptual performance index was expressed as a function of the MoPs 

multiplied by their respective weights (Equation 1, Section 3.5). The next step was to determine 

methods of calculating the weights for each category of MoP. Inclusion of multiple, conflicting 

criteria as objectives or attributes with differing units of measurements meant that it was a 

multi-criteria decision making (MCDM) problem (Section 3.6). Therefore, MCDM methods 

were explored in detail to identify and shortlist the most suitable options (Section 3.6). Through 

a further literature review of MCDM methods, it was revealed that the analytical hierarchy 

process (AHP), artificial neural networks (ANN), fuzzy set theory (FST) and multi-attribute 

utility theory (MAUT) were the most suitable options. After a detailed assessment of their pros 

and cons, a hybrid fuzzy-AHP approach was chosen to calculate the weights (Section 4.9).   

Once the components of the performance model (variables and relationship) were established, 

the next step was to develop it as a predictive model. Monte Carlo simulation (MCS) was found 

to be a solution which experiments with different scenarios and understands the model 

behaviour under different conditions (Section 4.10.1). The application of MCS is apparent in 

the fields of risk management, financial analysis and cost forecasting, along with evidence of 

its usage in construction performance measurement. For these reasons, MCS was adopted in 

this research to develop a performance model to predict contractors’ performance, thereby 

fulfilling the second objective.   
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9.2.3 Achievement of Research Objective 3 

Developing benchmarks of acceptable levels for the critical measures of performance was the 

third objective (RO3) of this research, which also answered Research Question (RQ3; What 

non-price measures can be used to analyse contractors’ performance?). The benchmarks were 

calculated after following a rigorous process that involved a series of Delphi-based expert 

forums that combined the key methods identified in achieving RO2 (Section 0). 

The MoPs identified through comprehensive literature searches were categorised into 28 

categories of MoPs (Section 3.3). In order to shortlist and rank the categories of MoPs that were 

easily measurable and readily accessible, a Delphi-based expert forum was conducted (Section 

5.2). Expert Forum 1 comprised five experts representing contractors, consultants and clients 

(Table 4.4). The categories of MoPs were analysed based on: Q1) Can it be quantitatively 

measured from project records? Q2) Is it within the control of the Contractor? and Q3) How 

significant is it towards the performance of a project? (Section 5.2). The iterative process which 

achieved consensus among the experts by the end of the second round resulted in the top ten 

categories of MoPs being: health and safety performance (HS.MoP), quality performance 

(QP.MoP), cost performance (CP.MoP), financial performance (FP.MoP), time performance 

(TP.MoP), human resources strength (HR.MoP), experience in similar projects (EX.MoP), 

environmental performance (EP.MoP), project planning performance (PP.MoP) and 

productivity achievement (PR.MoP). 

Following the shortlisting of the top categories of MoPs, the respective critical measures of 

performance (CMoPs) were refined and proposed to the same panel of experts in a second 

Delphi-based expert forum (Section 5.4) in order to select the top CMoPs. Through a 

combination of online questionnaires and interviews, by the end of the third round, the top 

categories of MoPs were reduced from ten to seven (Table 5.7). The experts reached a 

consensus on the corresponding CMoPs, which were: reported incidents rate (for HS.MoP), 

number of non-conformance reports (for QP.MoP), debt ratio (for FP.MoP), worker turnover 

rate (for HR.MoP), number of similar type and size projects completed (for EX.MoP), volume 

of total waste removed from site (for EP.MoP), and labour productivity (for PR.MoP). 

Therefore, the shortlist of measures of performance (both categories and critical measures) 

produced a final set of seven variables for the performance model. The resulting seven top 

categories of MoPs (TMoPs) were all non-price measures, thereby answering RQ3 (What non-

price measures can be used to analyse contractors’ performance?). The conceptual model was 
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updated as Equation 2 (Section 4.8.10) to reflect the seven TMoPs. To calculate weights for 

each TMoP, Expert Forum 3 was conducted with the same panel as the previous two expert 

forums. Fuzzy AHP-based pairwise comparisons were done as per the process explained in 

Section 5.5. The pairwise comparisons achieved consistency individually as well as after 

aggregation (Section 5.5.3). Accordingly, the finalised weights were calculated as 30.9% for 

HS.MoP, 19.2% for QP.MoP, 13.3% for FP.MoP, 12.9% for HR.MoP, 9.1% for EX.MoP, 8.3% 

for EP.MoP and 6.3% for PR.MoP (Table 5.13). 

The two main components of the conceptual performance model were ready by the end of 

Expert Forum 3, being the seven variables (measures of performance and the CMoPs) and their 

respective weights. To develop this conceptual performance model into a performance index, 

Monte Carlo simulation required probability density functions of the constituent variables to be 

defined. As historical data was not sufficiently available for distribution fitting, triangular data 

distributions were assumed for each of the seven variables (Section 6.3). Supported by actual 

apartment-construction project data and organisational data collected from three developer-

builders/contractors, coupled with industry norms and literature, the top seven CMoPs were 

further refined (Section 6.4). Due to practical issues in collecting data, three of the original 

CMoPs were changed. The refined final set of CMoPs were: lost time injury frequency rate 

(HS.CMoP), number of awards/nominations for construction excellence and recognised quality 

management accreditation (QP.CMoP), number of Class 2 dwelling units completed within the 

last five years (EX.CMoP), debt-equity ratio (FP.CMoP), volume of total waste removed from 

site per gross floor area constructed (waste generation rate) (EP.CMoP), worker turnover rate 

(HR.CMoP) and labour productivity (PR.CMoP), as described in Section 6.5. The possible data 

ranges (best case, most likely and worst case values) and benchmarks were proposed for each 

CMoP (Table 6.6).  

The refined and finalised CMoPs and their corresponding data ranges and benchmarks were 

presented in the fourth Delphi-based expert forum, which consisted of five experts (three from 

the previous forums and two new ones). After two rounds of interviews and questionnaires, the 

experts achieved consensus (Section 6.6.2). The final benchmark values for the CMoPs were: 

lost time injury frequency rate (3.5 injuries/worker-hours), number of quality related awards 

won (4/10 points) or having ISO quality accreditation (6/10 points), number of apartment units 

completed in the last five years (200 units), debt-equity ratio (1.50), waste generation rate (0.35 

m3/m2), key staff turnover (15%) and labour productivity (0.45 m2/worker-days).       
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9.2.4 Achievement of Research Objective 4 

The fourth objective was to develop a model to connect project performance to contractor 

performance (RO4) and thereby answer the fourth research question: ‘How can we develop a 

viable model to analyse contractors’ performance using non-price measures?’ (RQ4). This 

objective overlapped with some of the steps involved in achieving the third research objective 

(Section 9.2.3). As explained in that section, the processes undertaken to develop the 

benchmarks already resulted in the establishment of the conceptual performance model, 

definitions of the variables, corresponding data distributions, and respective weights. The 

remaining step in developing the performance model was to apply Monte Carlo simulation 

(Section 7.3). 

First, each data distribution and benchmark was converted to a unitless and unidirectional scale 

to enable meaningful addition leading to a performance score (Table 7.2). The triangular data 

distributions of the CMoPs were defined as inputs for the Monte Carlo simulation and were 

multiplied by their respective weights. Then, the system was simulated for 100,000 iterations 

using the software ‘@Risk’ (Section 7.3). The process resulted in output data distributions, 

overall benchmarks (Table 7.3) and relative frequency histograms of performance scores 

(Figure 7.2). The output data distributions for each CMoP provided the possible data ranges 

based on the scoring system (0 to 10). The overall benchmark performance score was calculated 

as 5.14, which was considered the industry average benchmark. The relative frequency 

histogram provided a platform to compare performance scores against the pre-defined industry 

benchmark, using any set of data inputs. The overall index, consisting of four organisation-

specific CMoPs (Quality-related awards won/finalist or ISO quality accreditation, debt-equity 

ratio, number of apartment units completed in last five years, and key staff turnover rate) and 

three project-specific CMoPs (lost time injury frequency rate, waste generation rate, and labour 

productivity), was functional as a performance model connecting project and contractor 

performance. To aid presentation and validation, the performance model was developed as a 

prototype mobile application using Microsoft Power Apps, as detailed in Section 7.4.  

9.2.5 Achievement of Research objective 5 

The fifth and final objective of this research was to test and validate the model (RO5). This was 

achieved through a two-fold approach, which involved validation through application of 

construction project data and an expert forum. Construction project data were used to validate 

the CPIx in two aspects: 1) as a self-evaluation tool for contractors (Section 7.6.1) and 2) as an 



268 

 

industry analysis tool (Section 7.6.2). Using data on 25 apartment-construction projects 

obtained from a developer-builder in NSW, the performance scores were calculated, plotted 

and explored (Section 7.6.1). The results generally agreed with the expectation that the 

developer-builder was considered to be one of the leading players in that arena. On the other 

hand, data from 31 apartment construction projects from all three data providers were plotted 

to compare the effect of the performance model as a tool for industry analysis (Section 7.6.2). 

The plotting of project-based performance scores in chronological order indicated the 

possibility of using the model to analyse the industry’s performance variation over time (Figure 

7.13).  

The next part of validation was conducted via a fifth and final Delphi-based expert forum 

(Section 7.7). This expert forum consisted of three of the original participants and four external 

participants (Table 4.8). Initially, the prototype mobile application was demonstrated with 

sample data. Next, the process of performance model development was presented to the experts. 

Finally, the experts were asked to provide their feedback (based on a Likert scale) on eight 

validation criteria: fit-for-purpose, comprehensiveness, practicality, veracity/truthfulness, 

objectivity, replicability, reliability and approach taken to develop the model (Sections 7.7.2 to 

7.7.9). The collective feedback on each criterion was satisfactory and thus did not require 

further rounds (Table 7.5). Hence, the developed performance model (CPIx) was successfully 

validated and remained the final model without any further changes.   

 Contribution to knowledge and benefits 

The primary contribution to knowledge of this research is the development of a methodology 

to predict construction contractors’ performance using non-price measures that are easy to 

measure, readily accessible and within the control of the contractor. The novelty of the 

developed contractors’ performance index compared to other performance measurement 

systems used in the construction industry was explained in detail in Chapter 8. The key 

characteristics of the CPIx are explained in detail below:  

 This research is the first to propose a contractors’ performance prediction model solely 

based on non-price measures (Gunasekara et al. 2021). In an industry significantly driven 

by price-based decisions (e.g. selection of the most competitive tender based on price), 

this shifts the focus towards other important aspects of performance, such as quality, 

health and safety, sustainability and productivity.    
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 Instead of comparing performance only among participating contractors (tenderers), the 

CPIx enables performance comparison against the whole industry once sufficient data 

have been captured.  

 The use of easy to capture and readily accessible data enables wider application of the 

CPIx. The critical measures used are generally recorded due to administrative or 

regulatory requirements and do not require any additional data extraction within a 

construction business.   

 The CPIx is based on factors that are completely within the control of the 

contractor/developer-builder. Therefore, it provides a fair and independent assessment of 

performance, which can be directly attributed to the contractors or developer-builders, as 

these will not be influenced by the project owners or other external factors. 

 The overall methodology adopted in developing the CPIx can also be considered as a 

contribution to knowledge in the sector of performance measurement. This research 

utilised a comprehensive and rigorous approach, which included a series of five expert 

forums that relied on overall consensus being achieved (four Delphi-based expert forums 

that achieved consensus and one fuzzy AHP-based expert forum that achieved 

consistency).   

The uses of the CPIx can be broadly categorised into two streams: as a tool for self-evaluation 

and as a tool for industry analytics, as discussed in the next sub-sections. 

9.3.1 The performance model as a tool for self-evaluation 

Contractors or developer-builders are able to self-evaluate their level of performance using the 

developed performance model (CPIx) with the prototype mobile application. It provides a 

snapshot of the user’s (contractor or developer-builder) overall level of performance that is 

organisation-specific or project-specific. As demonstrated in Section 7.6.1, the user is able to 

compare the performance scores obtained for each of seven key categories (health and safety, 

quality, experience, financial performance, environmental performance, human resources and 

productivity). Rather than monitoring the performance metrics individually, the CPIx provides 

both overall and individual performance scores that enable the identification of strengths and 

weaknesses in the user’s organisation. Having a single overall performance score enables rapid 

and continuous review of performance over time. 
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Since three of the seven critical measures of performance rely on project-specific data, the user 

is able to compare performance across different projects. For an organisation with a large 

project portfolio (as demonstrated in Figure 7.8), the level of performance in each project can 

be monitored easily. With the categorisation of the projects based on low-, mid- or high-rise 

construction, the contractor or developer-builder is able to distinguish common issues of 

performance and identify patterns that expose underlying issues. Four of the seven CMoPs 

relate to organisation-specific data, which are more relevant to long-term, strategic decisions. 

Monitoring aspects like quality accreditation, debt-equity ratio or key staff turnover rate help 

to direct the user’s organisation in making critical decisions to improve overall performance. 

The overall performance score can then be compared against industry benchmarks developed 

for each relevant category of construction. 

Another use of the model related to self-evaluation is for repeat clients wanting to assess the 

performance of their contractors. Since repeat clients (for example, apartment developers and 

public sector clients) are more likely to engage a contractor from a small pool of prospective 

contractors, the ability to extract data is high. Further, if a particular contractor has been 

engaged in several similar projects previously, the client would have better access to project- 

and organisation-specific data. Therefore, repeat clients will be in a better position to use the 

developed CPIx to support procurement activities.  

9.3.2 The performance model as a tool for industry analytics  

A secondary use of the developed CPIx is to evaluate the performance of contractors and 

developer-builders across the entire industry. As demonstrated in Section 7.6.2, overall 

performance scores calculated for each contractor or developer-builder can be compared across 

the rest of the industry and with the industry benchmark. This also provides a platform for 

periodically monitoring the performance of construction organisations.     

Although there are different performance evaluation models that rely on robust data points, 

obtaining such records is very limited. The level of data recording can differ based on the 

organisation’s size and capacity. Although the large players in the industry that have 

significantly higher number of projects in their portfolio may keep performance-related records, 

it is unlikely to be the case for small and medium enterprises. With their more limited resources 

and smaller project portfolios, their ability and motivation to keep performance-specific records 

would be low. The key advantage of the developed performance model is its reliance on easily 
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accessible records that can cater for smaller organisations as well. Therefore, it can be used by 

a wide range of contractors or developer-builders, which can lead to the collection of a 

significantly higher number of data points across the industry. 

Construction regulatory bodies, such as the Office of the Building Commissioner (NSW), 

Victorian Building Authority, and their counterparts in other states, can benefit from the 

industry-wide application of the proposed performance model. As demonstrated in Figure 7.13, 

the overall industry performance can be mapped chronologically and compared with the boom 

or bust cycles of the industry. Further, these regulatory bodies can compare the industry 

benchmarks and revise them based on the performance data inputs with a view to performance 

improvement. Institutes like Safe Work Australia can use the platform to monitor the industry 

benchmark set for health and safety performance, which was developed based on a key metric 

recorded by themselves. Insurance companies and other financiers can obtain inputs based on 

the performance scores of construction organisations. Furthermore, think tanks and consultant 

organisations that assess organisational performance can obtain valuable input if the CPIx is 

adopted across the industry. 

 Limitations of the research 

The limitations of this research are presented below: 

 One of the key features of this research is its reliance on easily captured and readily 

available data for the developed performance model (CPIx). While the use of such data 

is a key advantage in terms of availability, it can also be a limitation with regard to the 

robustness of data.  

 Each category of MoPs was represented by a single CMoP (except for quality 

performance, which included two) in order to improve the practicality of the model. 

However, it is clear that using a single CMoP to represent a particular performance 

sector requires a trade-off between accuracy and practicality. 

 The weights of the seven variables (CMoPs) of the performance model are fixed, which 

may be considered a limitation. However, the intention was to develop the methodology, 

which was not possible if the weights were not defined, and then to revise it with further 

use. This limitation can be overcome by periodically revising the weights based on 

expert opinions. 
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 The data distributions for the CMoPs were based on assumptions due to insufficient 

data. If enough data could be sourced, ideally, the distributions could have been fitted, 

thereby improving the accuracy of the model.  

 The model validation using application of construction project data (Section 7.5) 

involved a representative sample of data from a single developer-builder. The 

comparison of performance scores between the three data providers is, therefore, limited 

as the performance scores calculated for the remaining two could be less accurate.  

 The developed performance model may not be suitable for assessing and comparing the 

performance scores of greatly varying levels of apartment types. For example, a high-

end luxury apartment developer-builder with a very limited project portfolio could score 

lower than an affordable housing developer with a very large portfolio, based on the 

experience-related performance factor. This limitation could be avoided by creating 

indices based on each category or sub-category of construction project type. 

 The secondary critical measure used for quality performance in the CPIx is the number 

of quality/excellence-related awards that a contractor won or was a finalist for. This is 

identified as a limitation due to the fact that the judging process may not be done at a 

fine scale when assessing the quality of built assets. Assuming the availability of proper 

records, non-conformance reports could be considered as a possible alternative if this 

performance model was utilised by the industry. 

 Recommendations 

Based on the findings of this research, the following recommendations are proposed: 

 Given the increases in defective buildings and substandard contractors and developers, 

there is an urgent need to adopt a systematic approach to evaluating contractor 

performance. It is recommended that contractors and developer-builders keep track of 

easily measurable data that benefit them by providing valuable performance insights. 

 With the adoption of the proposed performance model (CPIx), it is recommended that 

contractors and developer-builders continually self-evaluate their performance to 

identify underperforming aspects that require corrective action. 
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 It is recommended that construction clients, especially repeat clients, utilise the 

proposed performance model to periodically review their respective contractors and 

advise them on aspects that lack performance.  

 Regulatory bodies are recommended to adopt a similar system to assess the overall 

performance of contractors and developer-builders, especially that related to class 2 

apartments, which suffer heavily from substandard construction. The system could be 

established as an annual requirement, similar to a census, where all relevant licensed 

builders submit their records or performance scores. 

 It is recommended that the CPIx be introduced to small- and medium-scale developers 

or builders, which represent the majority of the industry. These sectors lack record-

keeping practices and, therefore, the proposed system would be practical as it requires 

minimal specific data.  

 Further research directions 

The thesis concludes with the following directions for further research: 

 The performance model (CPIx) can be developed and aimed at different categories of 

construction projects or building types.  Based on the scope of this research, the CPIx 

was developed to primarily target class 2 apartments. It can be expanded into other 

repetitive types of buildings and infrastructure projects where reasonable levels of 

comparison are possible. 

 It is proposed that an extensive study be conducted with a larger data sample to enable 

distribution fitting for each critical measure of performance, rather than relying on 

assumptions. This could increase the accuracy of the performance model.  

 Research could be conducted to check if there is any significant disparity between 

robust/detailed data and easily accessible data (the latter was used in this research). This 

will further improve the validity of the developed performance model.  

 Further research could be done to fine-tune the critical measures of performance. The 

alternatives initially proposed in this research could be used to develop an alternative 

version of the performance model for comparison, and to identify whether different 

models give significantly different results.  
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Appendix 1 - Expert Forum 1 – Round 1 – Knowledge Acquisition Questionnaire 

Methodology to Predict Construction Contractors’ Performance Using Non-price 

Measures 

Dear participant, 

Thank you for accepting to participate in an Expert Forum as a part of this research. 

The aim of this research is to develop a model to analyse construction contractors’ performance 

based on past project and organisational performance using price and non-price measures, as a 

tool for improving contractors’ performance.  

This Expert Forum will be conducted in two rounds of questionnaires. 

Round 1 

The researcher conducted comprehensive literature review on “Critical Success Factors”, 

“Success Criteria”, “Key Performance Indicators” and “Contractor Prequalification & Selection 

Criteria” with reference to construction. All measures identified were collated and categorised 

based on the types, similar terminology and relevance.  

This questionnaire is designed to obtain your opinions regarding the significance, the scope and 

the availability under each category of measures of performance.  

It will take approximately 20 minutes to complete this questionnaire. Participants’ response will 

remain anonymous, treated with strict confidence and used solely for academic purposes. No 

feedback will be associated to participants or their organisations. 

Thank you for your time and co-operation. 

Kasun Gunasekara 

+61 2 4736 2053

k.gunasekara@westernsydney.edu.au

Supervisors: Professor Srinath Perera  

Associate Professor Mary Hardie 

Associate Professor Xiaohua Jin 
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Participant Information 

 

Name of the organisation : ________________________________________ 

Designation   : ________________________________________ 

Experience (years)  : ________________________________________ 

 

Instructions: 

 

Measures of performance that were extracted from literature are listed in the table provided. 

These measures have been grouped into 28 categories based on general understanding of the 

intended meaning of each terms associated. The 28 categories are randomly listed without any 

order of priority as 1 to 28.  

You are required to explore each category of measures of performance and answer the questions 

given in the three columns next to them. Your responses are to be indicated based on 5-point 

Likert scales for each question. The questions are explained as below: 

 

Q1) Can it be quantitatively measured from project records? 

Considering the main intention of the particular category of measures of performance, please 

indicate the likelihood of having at least one measure that can be quantitatively obtained from 

project records. 

1= Very Low, 2= Low, 3= Neutral, 4= High, 5= Very High 

 

Q2) Is it within the control of the Contractor? 

Please indicate whether the contractor has any control over the given category of measures of 

performance.   

1= Very Low, 2= Low, 3= Neutral, 4= High, 5= Very High 

 

Q3) How significant is it towards performance of a project? 

Considering the category of measures of performance as a whole, please indicate its 

significance towards performance of a project.  

1= Very Low, 2= Low, 3= Neutral, 4= High, 5= Very High 
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Appendix 2 - Expert Forum 1 – Round 2 – Knowledge Acquisition Questionnaire 

 

 

 

 
 

Methodology to Predict Construction Contractors’ Performance Using Non-price 

Measures 

 
Dear participant, 

 

Thank you for your responses to the Round 1 of Expert Forum 1. Questionnaire of Round 1 has been 

analysed and will be used in Round 2 to refine the categorisation and identification of Measures of 

Performance based on the experts’ agreement. 
 

In this round, you are provided with the same categorisation of Measures of Performance. The ratings 

provided by you in Round 1 and the group mean ratings of all the experts are given for your reference. 

Further, relevant comments from experts during Round 1 are provided anonymously for each category 

as well. Similar to Round 1, you are expected to rate your answer for the three questions for each of the 

28 categories. You have the opportunity to either keep or change the ratings. 
 

The questionnaire will take approximately 20 minutes to complete. Participants’ response will remain 

anonymous, treated with strict confidence and used solely for academic purposes. No feedback will be 

associated to participants or their organisations. 
 

Thank you for your time and co-operation. 
 

Kasun Gunasekara 

+61 2 4736 2053 

k.gunasekara@westernsydney.edu.au 

 

Supervisors: Prof. Srinath Perera, A/Prof. Mary Hardie, A/Prof. Xiaohua Jin 

 

Instructions: 

 

Measures of performance that were extracted from literature are listed in the table provided. These 

measures have been grouped into 28 categories based on general understanding of the intended meaning 

of each terms associated. The 28 categories are randomly listed without any order of priority as 1 to 28.  

You are required to explore each category of measures of performance and answer the questions given 

in the three columns next to them. Your responses are to be indicated based on 5-point Likert scales for 

each question. The questions are explained as below: 

Q1) Can it be quantitatively measured from project records? 

Considering the main intention of the particular category of measures of performance, please indicate 

the likelihood of having at least one measure that can be quantitatively obtained from project records. 

1= Very Low, 2= Low, 3= Neutral, 4= High, 5= Very High 

 

Q2) Is it within the control of the Contractor? 

Please indicate whether the contractor has any control over the given category of measures of 

performance.   

1= Very Low, 2= Low, 3= Neutral, 4= High, 5= Very High 
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Appendix 3 - Expert Forum 2 – Round 1 – Knowledge Acquisition Questionnaire 

Methodology to Predict Construction Contractors’ Performance Using Non-price 

Measures 

Through Expert Forum 1 of this study, based on the answers given by the panel of experts, 

including yourself, the top 10 categories of Measures of Performance were identified from an initial 

list of 28. According to the ratings obtained, they are listed below in the descending order. 

1. Health and safety performance

2. Quality performance

3. Cost performance

4. Financial performance

5. Time Performance

6. Human resources strength

7. Experience in similar projects

8. Environmental performance

9. Project planning performance

10. Productivity achievement

In this round, you are provided with the complete list of all measures identified for each of 

the above categories, along with proposed "Critical Measures of Performance". 

You are expected to select one Critical Measure of Performance from each category, which is 

best representative of the contractor's performance and can be easily obtained from completed 

project records. 

Click here to start the survey. 
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Q1.  The performance measures related to "Health and safety performance" identified from 

previous research and this Expert Forum are listed below. 

 Keeping health and safety records

 Fulfilling OHSA requirements

 Having an effective health & safety management plan

 Experience Modification Rating/ Experience Based Rating

 Having favourable working conditions

 Incident rate /Near miss incident frequency rate

 Number of incidents notifiable to a regulator

 Accident rate/ Accident frequency

 Lost time rate/ Lost time frequency/ Lost time injuries

 First aid frequency rate Accident gravity

 Number of Safe Work Method Statements (SWMS) reviewed

 Number of pre-start meetings and tool-box talks

 Number of drug and alcohol tests performed

 Number of safety inspections conducted

 Safety related innovations undertaken in the last 2 years

 Number of notices and fines received from health and safety regulators

 Number of occupant health and safety related prosecutions in the last 5 years

Refining the above list, several Critical Measures of Performance (CMoP) are proposed below. Please 

select one CMoP that practically best represents "Health and safety performance". 

◎ Lost Time Injury Frequency Rate    Number of lost time injuries x 1,000,000 
       Total hours worked 

◎ Reported incidents rate Number of reported incidents 
100,000 hours worked 

◎ Number and amount of fines received from health and safety regulators

◎ Other measure (Please type in the text box)

Q2.  The performance measures related to "Quality performance" identified from previous research 

are listed below. 

 Commitment to achieve expected quality

 Quality of product/ Freedom from defects

 Workmanship/ Emphasis on high quality workmanship

 Rework / Rework efficiency Construction field rework index

 Defects/ Punch list value / Punch list time

 Quality control/ Quality management/ Quality assurance system maturity

Refining the above list, several Critical Measures of Performance (CMoP) are proposed below. 

Please select one CMoP that practically best represents "Quality performance". 

◎ Construction rework index Total cost for rework 
Total construction cost 

◎ Number of non-conformance reports

◎ Time taken to rectify all defects

◎ Other measure (Please type in the text box)

331



Q3.  The performance measures related to "Cost performance" identified from previous research 

are listed below. 

 Updating the budget regularly

 Cost expectation

 Preparing accurate initial cost estimates

 Availability of cost control measures/ Project cost control

 Within budget/ Under budget/ Minimising cost

 Cost management

 Cost deviation

 Cost predictability: design / construction

 Unit cost / Cost per unit at tender

 Cost growth: project/ construction phase

 Budget factor

 Cost in use

Refining the above list, several Critical Measures of Performance (CMoP) are proposed below. Please 

select one CMoP that practically best represents "Cost performance". 

◎ Project budget factor  Actual total project cost     

         Total project estimate at tender + Approved changes 

◎ Cost predictability (Construction)   Actual construction cost - Estimated construction cost x 100%
Actual construction cost 

◎ Other measure (Please type in the text box)

Q4.  The performance measures related to "Financial performance" (of the Contractor organisation) 

identified from previous research are listed below. 

 Having favourable turnover history/growth in revenue

 Having a favourable credit history

 Having a favourable bonding capacity

 Having a favourable cash flow forecast

 Being financially stable

 Possessing quick liquid assets

 Profitability

 Revenue & profit

 Financial planning

 Bank credit/ Credit rating

Refining the above list, several Critical Measures of Performance (CMoP) are proposed below. 

Please select one CMoP that practically best represents "Financial performance". 

◎ Debt Ratio Total liabilities 
Total Assets 

◎ Gross profit margin ratio        Gross profit  
    Sales revenue 

◎ Percentage increase in average annual turnover in the last 5 years

◎ Other measure (Please type in the text box)
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Q5.  The performance measures related to "Time performance" identified from previous research are 

listed below. 
 

 Completing the project on time 

 Updating the schedule/ programme regularly  

 Minimising project duration 

 Project time control  

 Time management  

 Schedule deviation 

 Time predictability: design / construction  

 Schedule growth: project / construction phase  

 Schedule factor: project/ construction phase  

 Time per unit at tender 

Refining the above list, several Critical Measures of Performance (CMoP) are proposed below.      

Please select one CMoP that practically best represents "Time performance". 

◎ Time variance     Increase or decrease in actual project duration - Extension of time x 100%                                                     

Original contract time 

◎ Time predictability (Construction)  

Actual construction duration - Estimated construction duration x 100% 

             Actual construction duration 

◎ Other measure (Please type in the text box) 

 

 

Q6.  The performance measures related to "Human resources strength" identified from previous 

research are listed below. 

 Availability of qualified, skilled staff  

 Highly performing staff 

 Availability of experienced technical personnel 

 Having capable, competent & committed contractor's team  

 Having high team spirit/ morale of the staff team Adequacy of labour / trained resources 

 Effective allocation of manpower 

 Having a favourable employee culture environment  

 Motivating & compensating the employees 

 Having fulltime employees  

 Worker turnover 

 Having a contingency plan to manage possible turnovers  

 Absenteeism 

 Motivation 

 

Refining the above list, several Critical Measures of Performance (CMoP) are proposed 

below. Please select one CMoP that practically best represents "Human resources strength". 

◎ Worker turnover rate Number of employees leaving during the project period x 100% 
Average number employed during the project period 

◎ Adequacy of labour (Skilled vs Unskilled man hours) 

 

◎ Other measure (Please type in the text box) 
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Q7.  The performance measures related to "Past project performance" identified from previous 

research are listed below. 

 Experience in similar type projects completed  

 Experience in similar size projects completed  

 Failure to have completed a contract 

 

Refining the above list, several Critical Measures of Performance (CMoP) are proposed below. Please 

select one CMoP that practically best represents "Past project performance". 
 

◎ Number of similar type and size projects completed     
 

◎ Number of failures in completing a contract 

 

◎ Other measure (Please type in the text box) 

Q8.  The performance measures related to "Environmental performance" identified from previous 

research are listed below. 

 Having proper waste disposal during construction  

 Having an environmental impact/ performance plan  

 Environmental sustainability 

 Environmental impact  

 Environment protection 

 Less environmental complaints  

 Reduction of waste 

 Environmental management system maturity 

 

Refining the above list, several Critical Measures of Performance (CMoP) are proposed below. Please 

select one CMoP that practically best represents "Environmental performance". 

 

◎ Volume of total waste removed from site 

◎ Number of environment related complaints and fines 

 

◎ Other measure (Please type in the text box) 

 

Q9.  The performance measures related to "Project planning performance" identified from previous 

research are listed below. 

 Effective project monitoring mechanism  

 Adequate planning and control techniques  

 Sufficient working drawing details  

 Availability of backup strategies/ Change readiness  

 Change management 

 Effective strategic planning 

 Having construction control meetings  

 Availability of complete and detailed drawings  

 Systematic documentation 

 Planning effectiveness  

 Planning efficiency 

 Proper management and supervision of the site  

 Project understanding 
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Refining the above list, several Critical Measures of Performance (CMoP) are proposed below. Please 

select one CMoP that practically best represents "Project planning performance". 

 

◎ Hit rate percentage     Total number of activities having zero start or finish variance value x 100% 
Total number of activities in a project 

◎ Planning Effectiveness        Number of activities completed     
                                                   Number of activities programme 
 

◎ Other measure (Please type in the text box) 

 

 

Q10.  The performance measures related to "Productivity achievement" identified from previous 

research are listed below. 
 

 Productivity 

 Efficient use of resources  

 Units per man hours  

 Engineering productivity factor 

 Construction productivity factor (Physical work)  

 Construction productivity factor (Cost)  

 Productivity estimate accuracy 

 Working hours per week 

 Resources management/ Efficient use of resources  

 Earned Man Hours 

 Lost time accounting / Idle time 

 

Refining the above list, several Critical Measures of Performance (CMoP) are proposed 

below. Please select one CMoP that practically best represents "Productivity achievement". 

◎ Labour productivity   Actual labour input  
Actual completed work 

◎ Lost time accounting (Man hours lost due to idle time) 

 

◎ Other measure (Please type in the text box) 

 

 

 

 

 

 

 

Your responses have been recorded. 

 

Thank you! 
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Appendix 4 - Expert Forum 2 – Round 2 – Interview Guidelines 

 

Mode   : Online via Zoom 

Document shared : Table 5.5 - Responses regarding critical measures of performance 

 

1. With reference to the critical measure of performance you selected for health and safety 

performance, what do you think about the following factors? 
 

1.1. Measurability, issues in obtaining the records and the accuracy of the records 

1.2. Based on the results of the previous round, would you like to change your answer?  
 

2. With reference to the critical measure of performance you selected for quality performance, what 

do you think about the following factors? 
 

2.1. Measurability, issues in obtaining the records and the accuracy of the records 

2.2. Based on the results of the previous round, would you like to change your answer?  
 

3. With reference to the critical measure of performance you selected for cost performance, what do 

you think about the following factors? 
 

3.1. Measurability, issues in obtaining the records and the accuracy of the records 

3.2. Based on the results of the previous round, would you like to change your answer?  
 

4. With reference to the critical measure of performance you selected for financial performance, 

what do you think about the following factors? 
 

4.1. Measurability, issues in obtaining the records and the accuracy of the records 

4.2. Based on the results of the previous round, would you like to change your answer?  
 

5. With reference to the critical measure of performance you selected for time performance, what 

do you think about the following factors? 
 

5.1. Measurability, issues in obtaining the records and the accuracy of the records 

5.2. Based on the results of the previous round, would you like to change your answer?  
 

6. With reference to the critical measure of performance you selected for human resources 

strength, what do you think about the following factors? 
 

6.1. Measurability, issues in obtaining the records and the accuracy of the records 

6.2. Based on the results of the previous round, would you like to change your answer?  
 

7. With reference to the critical measure of performance you selected for experience in similar 

projects, what do you think about the following factors? 
 

7.1. Measurability, issues in obtaining the records and the accuracy of the records 

7.2. Based on the results of the previous round, would you like to change your answer? 
 

8. With reference to the critical measure of performance you selected for environmental 

performance, what do you think about the following factors? 
 

8.1. Measurability, issues in obtaining the records and the accuracy of the records 

8.2. Based on the results of the previous round, would you like to change your answer?  
 

9. With reference to the critical measure of performance you selected for planning performance, 

what do you think about the following factors? 
 

9.1. Measurability, issues in obtaining the records and the accuracy of the records 

9.2. Based on the results of the previous round, would you like to change your answer?  
 

10. With reference to the critical measure of performance you selected for productivity achievement, 

what do you think about the following factors? 
 

10.1. Measurability, issues in obtaining the records and the accuracy of the records 

10.2. Based on the results of the previous round, would you like to change your answer?  
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Normalised matrix 

 
HS.MoP QP.MoP FP.MoP HR.MoP EX.MoP EP.MoP PR.MoP Criteria Weights 

HS.MoP 0.3063 0.3472 0.3084 0.3379 0.2637 0.2493 0.3478 0.3087 

QP.MoP 0.1620 0.1784 0.1777 0.2212 0.1859 0.1810 0.2330 0.1913 

FP.MoP 0.1275 0.1311 0.1278 0.1223 0.1403 0.1210 0.1244 0.1278 

HR.MoP 0.0734 0.0653 0.0858 0.0777 0.1132 0.1022 0.0653 0.0833 

EX.MoP 0.1632 0.1364 0.1299 0.0978 0.1381 0.1732 0.0986 0.1339 

EP.MoP 0.1165 0.0958 0.1076 0.0736 0.0766 0.0941 0.0736 0.0911 

PR.MoP 0.0511 0.0459 0.0629 0.0696 0.0822 0.0792 0.0573 0.0640 

 

Calculating consistency 

 
HS.MoP QP.MoP FP.MoP HR.MoP EX.MoP EP.MoP PR.MoP Weighted 

sum values 

Criteria 

Weights 
𝜆 

 

HS.MoP 0.3087 0.3723 0.3084 0.3622 0.2557 0.2414 0.3888 2.2374 0.3087 7.2489 

QP.MoP 0.1633 0.1913 0.1777 0.2371 0.1803 0.1753 0.2605 1.3855 0.1913 7.2411 

FP.MoP 0.1285 0.1405 0.1278 0.1311 0.1360 0.1172 0.1391 0.9201 0.1278 7.2020 

HR.MoP 0.0739 0.0700 0.0857 0.0833 0.1098 0.0990 0.0730 0.5946 0.0833 7.1427 

EX.MoP 0.1645 0.1462 0.1298 0.1049 0.1339 0.1677 0.1102 0.9572 0.1339 7.1499 

EP.MoP 0.1174 0.1027 0.1076 0.0789 0.0743 0.0911 0.0823 0.6542 0.0911 7.1807 

PR.MoP 0.0515 0.0492 0.0629 0.0746 0.0797 0.0767 0.0640 0.4585 0.0640 7.1633 

         𝜆𝑚𝑎𝑥 7.1898 
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Appendix 14 - Interview Guidelines for Expert Forum 4 Round 1  

 

Mode   : Online via Zoom 

Document shared : Slideshow of data distributions and benchmarks (Refer Appendix 13) 

 

1. Based on the justifications provided, please provide your feedback on the proposed data 

distributions and benchmarks for critical measure of health and safety performance. 
 

1.1. Value indicating lower level of performance 

1.2. Most likely value 

1.3. Benchmark 

1.4. Value indicating highest level of performance 
 

2. Based on the justifications provided, please provide your feedback on the proposed data 

distributions and benchmarks for critical measures of quality performance. 
 

2.1. Value indicating lower level of performance 

2.2. Most likely value 

2.3. Benchmark 

2.4. Value indicating highest level of performance 
 

3. Based on the justifications provided, please provide your feedback on the proposed data 

distributions and benchmarks for experience in similar projects. 
 

3.1. Value indicating lower level of performance 

3.2. Most likely value 

3.3. Benchmark 

3.4. Value indicating highest level of performance 
 

4. Based on the justifications provided, please provide your feedback on the proposed data 

distributions and benchmarks for critical measure of financial performance. 
 

4.1. Value indicating lower level of performance 

4.2. Most likely value 

4.3. Benchmark 

4.4. Value indicating highest level of performance 
 

5. Based on the justifications provided, please provide your feedback on the proposed data 

distributions and benchmarks for critical measure of environmental performance. 
 

5.1. Value indicating lower level of performance 

5.2. Most likely value 

5.3. Benchmark 

5.4. Value indicating highest level of performance 
 

6. Based on the justifications provided, please provide your feedback on the proposed data 

distributions and benchmarks for critical measure of human resources strength. 
 

6.1. Value indicating lower level of performance 

6.2. Most likely value 

6.3. Benchmark 

6.4. Value indicating highest level of performance 
 

7. Based on the justifications provided, please provide your feedback on the proposed data 

distributions and benchmarks for critical measure of productivity achievement. 
 

7.1. Value indicating lower level of performance 

7.2. Most likely value 

7.3. Benchmark 

7.4. Value indicating highest level of performance 
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Appendix 17 - Expert Forum 4 – Round 2 – Knowledge Acquisition Questionnaire 
 

In Expert Forum 4 Round 1, the experts, including yourself, provided feedback on the suggested data 

distributions of finalised set of critical measures of performance. Based on the results, some of the values 

were revised. In Round 2, you are provided with comments received for each critical measures of 

performance along with any revisions to the values. You are expected to indicate your overall level of 

agreement towards the revised or finalised values through a five point Likert scale from ‘Very Low’ to 

‘Very High’. 

Click here to start the survey. 

 

Q1. Health and Safety Performance 

Measured using: Lost time injury frequency rate [injuries/ man-hours] 

Comments received from experts: 

 "Benchmark of 4 or less is supportable, given the industry average is at 8."  

 "It is preferable to lower the LTIFR benchmark to 3." 

 "It is fair to expect a LTIFR value of 4 or lower for a good contractor especially for larger valued project."  

 "The benchmark value of 4 maybe reduced to 2 or a similar value which is closer to 0." 

Performance values for lost time injury frequency rate: 

Lost time injury frequency rate Lower 

Level 

Most 

Likely 

Benchmark Higher 

Level 

Originally proposed values indicating level of performance 8 5 4 0 

Revised/ finalised values following the expert discussions 8 5 3.5 0 

Please indicate your overall level of agreement towards the revised/ finalised values: 

◎ Very Low  ◎Low  ◎Moderate  ◎High  ◎Very High 

Do you have any comments regarding the above? 

 
 

Q2. Experience in similar projects 

Measured using: Number of class 2 dwelling units completed within last 5 years 
 

Comments received from experts: 

 "If more data are explored, the average number for higher level of performance could reduce, almost halve" 

"60-70% of the industry would not build anything close to 100 or even 50 apartment units per year" 

 "A top developer would quite easily build 400 apartments a year" 

 "Completing 200 units per-year would indicate that organisation has good processes and performs well" 

 "The larger contractors may use shelf companies to construct some of the projects. When taking the past 

experience, it may not completely reflect the work done by that entity alone" 
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Performance values for number of class 2 dwelling units completed within last 5 years: 

Number of class 2 dwelling units completed within last 

5 years 

Lower 

Level 

Most 

Likely 

Benchmark Higher 

Level 

Originally proposed values indicating level of performance 0 250 500 1800 

Revised/ finalised values following the expert discussions 0 100 200 750 
 

Please indicate your overall level of agreement towards the revised/ finalised values: 

◎ Very Low  ◎Low  ◎Moderate  ◎High  ◎Very High 

Do you have any comments regarding the above? 

 

Q3. Financial Performance 

Measured using: Debt-equity ratio of the organisation 
 

Comments received from experts: 

 "If a builder has cash flow issues, it can be reflected through debt-equity ratio." 

 "Developers tend to focus on 30% equity to 70% debt in development projects, which may be different to 

contractors."  

 "It is better to have more metrics combined similar to quality, when measuring financial performance. 

Balance sheet growth over five years’ period maybe one such addition." 

 "Having a debt-equity ratio of over 2 would be a concern about a contractor/ developer" 
 

Performance values for debt-equity ratio of the organisation: 

Debt-equity ratio of the organisation Lower 

Level 

Most 

Likely 

Benchmark Higher 

Level 

Originally proposed values indicating level of performance 2.8 1.4 1.0 0.5 

Revised/ finalised values following the expert discussions 3.0 2.0 1.5 0.5 

Please indicate your overall level of agreement towards the revised/ finalised values: 

◎ Very Low  ◎Low  ◎Moderate  ◎High  ◎Very High 

Do you have any comments regarding the above?  

 

Q4. Environmental Performance 

Measured using: Volume of total waste removed from site, per gross floor area constructed (m3/m2) 

Comments received from experts: 

 "Lower level of performance 0.45 looks a little bit too low. Probably it's better to push it up to 0.60."  

 "The benchmark could possibly be pushed up to 0.25 or 0.30" 

 "The value indicating highest level of performance maybe made 0.15 or 0.20, practically." 

 "The WGR values calculated from the data sources resonate with our organisation's project records based 

on rough calculations." 

 "Use of off-site construction, DfMA may be reflected when using waste removed as a measure." 
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Performance values for volume of total waste removed from site, per gross floor area constructed: 
 

Volume of total waste removed from site, per gross 

floor area 

Lower 

Level 

Most 

Likely 

Benchmark Higher 

Level 

Originally proposed values indicating level of performance 0.45 0.40 0.20 0.10 

Revised/ finalised values following the expert discussions 0.55 0.40 0.30 0.15 

Please indicate your overall level of agreement towards the revised/ finalised values: 

◎ Very Low  ◎Low  ◎Moderate  ◎High  ◎Very High 

Do you have any comments regarding the above?  

 

Q5. Human Resources Strength 

Measured using: Worker turnover rate of the organisation 

Comments received from experts: 

 "Tracking the number of people leaving a business is a good way to gauge human resources performance." 

 "The main concern would be the turnover rate of key personnel rather than other workers" 

 "The proposed values for worker turnover rates are acceptable and could be slightly lower if needed." 

 "My organisation's worker turnover rate is around 7 or 8%, which we consider to be a very good value. 

Therefore the values proposed seem to be reasonable." 
 

Performance values for worker turnover rate (key staff) of the organisation: 
 

Worker turnover rate (Key staff) of the organisation Lower 

Level 

Most 

Likely 

Benchmark Higher 

Level 

Originally proposed values indicating level of performance 30% 20% 15% 10% 

Revised/ finalised values following the expert discussions 30% 20% 15% 10% 

Please indicate your overall level of agreement towards the revised/ finalised values: 

◎ Very Low  ◎Low  ◎Moderate  ◎High  ◎Very High 

Do you have any comments regarding the above?  

 

Q6. Productivity Achievement 

Measured using: Labour productivity (m2/ man-days) 

Comments received from experts: 

 "It might need to specify about labour on-site when considering labour productivity, and not just any labour." 

 "Based on a basic calculation, proposed values for labour productivity are acceptable." 

 "Intentionally putting lower number of workers onsite to manage a project will artificially increase the 

productivity measure" 

Performance values for labour productivity (m2/ man-days): 

Labour productivity (m2/ man-days) Lower 

Level 

Most 

Likely 

Benchmark Higher 

Level 

Originally proposed values indicating level of performance 0.25 0.35 0.45 0.55 

Revised/ finalised values following the expert discussions 0.25 0.35 0.45 0.55 
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Please indicate your overall level of agreement towards the revised/ finalised values: 

◎ Very Low  ◎Low  ◎Moderate  ◎High  ◎Very High 

Do you have any comments regarding the above?  

 

Q7. Quality Performance 
 

Measured using (Combination of both): 

1. Number of awards won/ became finalists for construction excellence by a reputed institute during 

the last 5 years 

2. Having ISO quality management accreditation 
 

Comments received from experts: 

 "Quality is hard to measure and having both awards and quality accreditations is an acceptable approach on 

quality performance measurement." 

 "Quality management accreditations make more sense for quality performance." 

 "Developer-builders may not need ISO as they don’t have clients to impress or government projects to win" 

 "Having a 50:50 split between the 2 quality measures maybe too much" 

 "While scoring the awards is an out of the box concept, it needs to be weighted lower than ISO accreditation." 
 

7.1) Performance values for number of awards won/ became finalists:                                                      

(1 Award = 1 Point, 1 Finalist = 0.5 Point) 

Number of awards won/ became finalists for construction 

excellence 

Lower 

Level 

Most 

Likely 

 Higher 

Level 

Originally proposed values indicating level of performance 0 3 5 

Revised/ finalised values following the expert discussions 0 2 4 
 

7.2) Performance values for having ISO quality management accreditation:                                                                  

(Having ISO: Yes = 6 Points , No = 0)  

Having ISO quality management accreditation  

 
Lower 

Level 

Most 

Likely 

 Higher 

Level 

Originally proposed values indicating level of performance 0 0 5 

Revised/ finalised values following the expert discussions 0 0 6 

 
7.1 + 7.2) Performance values for quality performance (combined):  

Combined metric for quality (Awards + ISO)  

 
Lower 

Level 

Most 

Likely 

Benchmark Higher 

Level 
Revised/ finalised values following the expert discussions  0 2 4 10 

 

Please indicate your overall level of agreement towards the revised/ finalised values: 

◎ Very Low  ◎Low  ◎Moderate  ◎High  ◎Very High 

Do you have any comments regarding the above?  
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Appendix 19 - Expert Forum 5 – Validation scoring sheet 

 

 

 
 

Methodology to Predict Construction Contractors’ Performance Using Non-Price 

Measures 

 

Dear participant, 

 

Thank you for accepting to participate in an Expert Forum as a part of this research. 

 

The aim of this research is to develop a model that can be used to analyse construction 

contractor performance based on measures that are readily available, quantitatively measurable 

and directly attributable to contractors, and to use it as a tool for improving contractor 

performance. The research findings will be useful for contractors to assess their level of 

performance based on their past project and organisational performance.  

 

Through a rigorous process that involved series of expert forums, construction project data 

inputs and simulation, Contractors’ Performance Index (CPIx) was created in this research to 

evaluate contractors’ performance based on a set of non-price measures. This performance 

model was developed as a mobile application prototype for demonstration. This application will 

be demonstrated to you along with a brief overview of its development process. After this 

presentation, you will be asked to rate the CPIx based on a set of validation criteria, along with 

providing comments. The discussion will be recorded (with your permission), transcribed and 

used for further analysis along with the ratings provided. 

 

Thank you for your time and co-operation. 

 

Kasun Gunasekara 

+61 2 4736 2053 

k.gunasekara@westernsydney.edu.au 

 

Supervisors:   Professor Srinath Perera  

Associate Professor Mary Hardie  

Associate Professor Xiaohua Jin 

 
 

Participant Information 

 

Name of the organization : ________________________________________ 

Designation   : ________________________________________ 

Experience (years)  : ________________________________________ 
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Instructions: 

 

Once the mobile application prototype demonstration and presentation on performance model 

development have been completed, please provide your feedback on the validation criteria 

given below. 

 

Validation criteria Scoring scale 

1 (Very unsatisfied)               5 (Very satisfied) 

1. Fit-for-purpose        

2. Comprehensiveness        

3. Practicality         

4. Veracity/truthfulness        

5. Objectivity        

6. Replicability        

7. Reliability        

8. Approach taken to develop the model        
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