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ABSTRACT 
 

Previous studies indicated that the persisting poor productivity issues in construction 

projects are a result of several factors which may not have been adequately 

researched. This research aimed to add to existing knowledge by investigating the key 

determinants of construction project productivity performance and improvement 

measures from the Australian construction industry perspectives. Based on 

descriptive survey research method, feedback was sought from consultants and 

contractors in relation to the research aim. Results of principal component analysis 

and partial least square structural equation modeling of the empirical data showed that 

productivity performance (Pp) outcome on a construction project could be underpinned 

by the head contracting firm’s strengths in three key areas. These comprise capacity 

& capability (CC), project management (PM), and contractual and financial 

management (CFM) competencies. 29 indicators were used for measuring the three 

constructs. In diminishing order of influence, the following were found to have the most 

significant influence on productivity outcomes: Digital technology-enhanced workflow 

and real-time project tracking, experienced workforce, relational contracting, robust 

quality assurance planning, and effective project supervision and coordination. Partial 

least square structural equation modeling results showed that the CC competency 

could be directly linked to Pp, but optimized and significant performance outcome 

draws strongly upon the mediating influence of the PM competency, interacting with 

and being supported by the CFM competency.  The CC-Pp direct cause-and-effect 

relationship was unaffected by firm size.  The findings could offer valuable insights to 

project stakeholders on the key underpinnings of effective project and financial 

management of construction projects. Practical implementation of the findings in real 

world could enhance productivity and success in project delivery. The methodology is 

recommended for investigating similar problems in Australia and elsewhere. 
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CHAPTER 1: INTRODUCTION 
 

1.1 BACKGROUND 
 

Productivity in construction projects and for the construction industry over the past decades 

has been declining (Chancellor, 2015; Li et.al., 2019; RBA, 2019) and profit margins have 

remained low or flatlining (Loosemore & Richard, 2015). Previous studies such as Snyman 

& Smallwood (2017) and Omopariola et al. (2020) suggest that the persisting poor 

productivity in construction projects are a result of several constraint factors which may not 

have been adequately examined.  

Alternatively, it could be argued that poor productivity performance persists in the industry 

because existing solutions are either inadequate to resolve the problems (Howell, 2013) or 

that they lack credibility for adoption by industry practitioners (Durdyev et al., 2021). For 

instance, Haji Karimian et al. (2019) argued that research solutions appeared to be some 

sort of ‘information overload’ for industry practitioners due to the enormity of the solutions 

proffered amidst insufficient and ever-dwindling resources at the disposal of the practitioners 

for implementing the solutions. Also, Liu et al. (2017) found that industry operators are 

overwhelmed with information on so many factors and the proffered solutions; they wonder 

how they could implement so many suggested solutions with their limited resources. In 

effect, what the industry operators want to know are the least number of constraint factors 

and improvement measures they should focus on to deliver the greatest results using their 

limited resources; these are the sort of solutions that may lend readily to uptake by industry 

practitioners (Durdyev & Mbachu, 2017; Mbachu et al., 2017).  

From a continuous improvement perspective, persistence of the problem of declining 

construction project productivity and flat-lining margins in the construction industry could 

imply that further research is needed to complement efforts made in previous studies 

towards resolving the problems. It should be noted that a large proportion of the solutions 

proffered in the literature were based on correlational analysis rather than cause-and-effect 

analysis. Australian Bureau of Statistics (ABS, 2010) argued that causality is commonly 

misunderstood in the mistaken belief that because the data shows a correlation that there 

is necessarily an underlying causal relationship. Pinelis (2020) also noted that causation, 
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rather than correlation should be adopted when investigating whether one event is the result 

of the occurrence of the other event; i.e. that there is a causal relationship between the two 

events. 

 

1.2 AIMS, RESEARCH QUESTIONS AND OBJECTIVES 
 

Given the little evidence-based research in the subject area, especially in the Australian 

context, this research aimed to add value to existing knowledge by investigating the key 

determinants of construction project productivity performance in the Australian construction 

industry and the improvement measures.  

 

1.2.1 Research questions 

To achieve the research aim, the following research questions were posed to guide the 

research design, data gathering and analyses. 

1. What comprise the key determinants of construction project productivity 

performance?  

2. What causal, mediating and moderating relationships exist between the key 

construction project productivity determinants and how do the inherent constructs 

interact to influence productivity outcomes?  

3. What measures exist for improving construction project productivity outcomes in the 

Australian construction industry? 

 

1.2.2 Research objectives 

In relation to the research aim and questions, the key objectives of the study were formulated 

as follows: 

1) to establish the key determinants of construction project productivity performance,  

2) to analyze potential causal, mediating and moderating relationships between the key 

construction project productivity determinants and how they interact to influence productivity 

outcomes,  
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3) to infer measures for improving construction project productivity outcomes in the 

Australian construction industry based on the results of the 1st and 2nd stages of the study. 

 

1.3 RESEARCH PROBLEM 
 

Several studies including Durdyev (2017) and Zhao et al. (2017) have investigated factors 

constraining productivity. However, there is little research on the priority constraint factors 

and improvement measures. Industry operators are overwhelmed with information on so 

many factors and suggested improvements. They wonder how they could implement so 

many suggestions with their limited resources (Liu et al., 2017). What the industry operators 

want to know are the few constraint factors and improvement measures they should focus 

on to deliver the greatest results using their limited resources (Egbelakin, 2017; Durdyev, 

2017). Therefore, there is a need to utilize Pareto principles or the 20:80 rule (is research 

aims to add value to existing knowledge by investigating and prioritizing the key constraint 

factors and improvement measures utilizing the 20:80 rule which draws upon Pareto 

analysis (Howell, 2012). 

The research problem for the study is underpinned by the seven crucial statements shown 

in Figure 1. Details of the key statements are discussed in the subsections that follow. 
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Figure 1: Research problem underpinning statements 
[Source: Author's insights from literature] 

 

Declining productivity trend 

The labor productivity trend for the Australian construction industry over the past decade 

has been declining as shown in Figure 2.  

 

RESEARCH PROBLEM 

STATEMENTS 
1)_Construction industry is the 

backbone of the economy; it 

contributes greatly to the 

socio-economic well-being of 

Australia – contributing about 

7.6% of the GDP [Richardson, 

2014] 

2)_Productivity of the 

construction industry over the 

past decade has been declining 

and is a major drag on the 

cross sector growth [Li et.al., 

2019; RBA, 2019] 

4)_The contractors play a lead role in 

directing the performance and 

productivity of the construction industry 

[Loosemore & Richard, 2015] 

3)_Profit margins have 

remained low or flatlining 

[Loosemore & Richard, 2015] 

6)_There is little research on the key 

factors constraining productivity growth 

and margins of the contractors in the 

Australian construction industry 

[Hasan,2018]   

5)_Poor productivity and financial 

performance of the contractors therefore pose 

a key constraint to the socio-economic growth 

and well-being of Australia and Australians 

[RBA, 2019]   

7)_There is therefore a crucial need to 

research on the key factors constraining 

productivity growth and margins of the 

contractors in the Australian 

construction industry [Hasan,2018]   



 

5 

*Output per hour; ** Includes a third interaction effect, having small impact on overall productivity growth 

Figure 2: Measured Labor Productivity Growth, 2012-June 2019 

[Reserve Bank of Australia (2019) Statement on Monetary Policy, p. 40. Available under a 

CC BY 4.0 licence.]  

 

The declining productivity trend has been a major drag on the cross-sector growth (RBA, 

2019) as shown in Figure 3. 

 

Figure 3: Australian construction industry measured labor productivity growth, 2012-June 
2019 

[Reserve Bank of Australia (2019) Statement on Monetary Policy, p. 41. Available under a 

CC BY 4.0 licence.] 

 

The declining productivity trend is not limited to Australia; it has been a global problem. For 

instance, in the UK, research by PbcToday (2018) reported similar decline in the productivity 

of the UK construction industry relative to the productivity trend of the aggregate economy 

as shown in Figure 4. 

https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
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Figure 4: UK Construction productivity trend 1997-2017 

[Pbctoday (2018) UK could save £15bn every year by lifting construction productivity. 

https://www.pbctoday.co.uk/news/planning-construction-news/uk-could-save-15bn-every-

year-by-lifting-construction-productivity/40397/  Available under a Copyright 2018 Open 

Government Licence V3.0.] 

 

Declining trend of profit margin 

In a similar development, the profit margin trend for the Australian construction industry over 

the past decade has been declining. For instance, Chan & Martek (2017) noted that the 

average net profit margin of construction firms in Australia has nearly halved from 3.2% in 

2006 to 1.7% in 2015 as shown in Figure 5. Extension of this trend beyond 2016 by Deloitte 

(2016) showed that it dipped to 0.3% and then remained relatively flatlining till date. 

 

 

https://www.pbctoday.co.uk/news/planning-construction-news/uk-could-save-15bn-every-year-by-lifting-construction-productivity/40397/
https://www.pbctoday.co.uk/news/planning-construction-news/uk-could-save-15bn-every-year-by-lifting-construction-productivity/40397/
https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
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Figure 5: Declining trend of contractors' net profit margins (2006 - 2015) 

[Based on data from Chan, T.K, & Martek, I. (2017). Profitability of large commercial 

construction companies in Australia, p.140. https://easychair.org/publications/open/ljlH] 

 

 

 Need for research 

The above-mentioned declining trends of productivity and profit margins are not favourable 

for the growth and survival of the Australian construction industry and the socio-economic 

well-being of Australians and Australia. Unfortunately, there is little research on the key 

factors constraining productivity growth of the contractors in the Australian construction 

industry. There is therefore a crucial need to research on the key factors constraining 

productivity growth of the contractors in the Australian construction industry. 

 

1.4 SCOPE AND LIMITATIONS 
 

The study is limited to productivity issues faced by small and medium sized (SMEs) 

construction firms in Australia. This is because, the construction SMEs constitute over 97% 

of the construction firms in Australia (ASBFEO, 2019). The significant contributions of these 
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small businesses imply that they are the backbone of the economy (Durdyev & Mbachu, 

2011); therefore, it is important to research critical issues that may be impacting on their 

productivity so as to enhance productivity and growth of the entire construction sector of 

Australia.   However, during the data collection, survey was directed to all members AIQS 

and MBA via their secretariats. It was not possible to target those working for SMEs. 

Nevertheless, the demographic sections of the questionnaire helped to identify responses 

from those working for SMEs and those working for larger companies. From the 

demographic analysis by firm size, results showed that majority (i.e. 67%) were from those 

working for SMEs. This meant that the findings were more in line with the issues related to 

the SMEs which are the target research group. 

Investigations were limited to the views expressed by registered members of the Master 

Builders Australia and the Australian Institute of Quantity Surveyors (AIQS). The focus on 

these two groups is due to the fact that they are at the forefront of decision-making, 

implementation and control of issues relating to productivity in the construction sector 

(Rahman et al., 2019) 

Other factors that have constrained the scope of investigations included time and budgetary 

constraints. In addition, the COVID-19 pandemic restrictions and lock-downs constrained 

widening the scope of investigations to large firms. 
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CHAPTER 2: LITERATURE REVIEW 
 

2.1 OVERVIEW 
 

This chapter presents a review of literature related to the subject, especially, looking at the 

extent to which the research questions have been resolved in whole or in part in the previous 

studies. The chapter starts with the definition of key terms in the context of the study. The 

chapter progresses to review factors influencing productivity in the construction industry and 

measures for their improvement. The chapter ends with a section that summarises findings 

from the narrative reviews of literature, insights that supported the current study, what 

knowledge gaps exist in the current literature, and how the current research would contribute 

to narrowing the identified knowledge gaps. 

 

2.2 DEFINITION OF KEY TERMS 
 

The following subsections explored the key concepts that underpin this study, namely, 

‘productivity’, ‘productivity performance’ and ‘construction firms’. 

 

Productivity 

Productivity is a complex concept with varied connotations depending on the objective 

sought, the context, and the variables used for its measurement. From an economic or 

efficiency perspective, the Australia Productivity Commission (2021) defined ‘productivity’ 

as essentially a measure of how much output is produced from a unit of input. Authors such 

as Loosemore (2014) and Alwisy et al. (2020) shared similar output-input ratio perspective 

by defining productivity as a ratio of the output produced by a unit of input resources used 

in producing it. In this context, output could be measured in terms of the dollar value of the 

goods or services produced, ensuring that quality standards are met (Bilal et al., 2019; 

Awad, 2021). On the other hand, the resource input could be measured in several ways 

which determine the nature of the productivity being focused on. If the input is in terms of 
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man hours utilized in the production process or the number of full-time equivalent workers, 

the corresponding productivity is referred to as labor productivity (Durdyev & Mbachu, 2011). 

In the same way, the Reserve Bank of Australia (RBA, 2019) sees ‘labor productivity’ as a 

concept that captures the efficiency with which an economic entity employs labor to produce 

economic output. In this context, if the objective is to measure how well physical and financial 

resources are used in producing goods and services, the input resource is the physical 

capital (such as buildings, machinery, etc.) or financial capital such as money invested in 

the production process; in this case the corresponding productivity achieved is referred to 

as capital productivity (Jarkas & Bitar, 2012). The multifactor or total productivity results 

when the resource input is a combination of labor and capital (Loosemore, 2014).  

However, it is widely acknowledged that productivity index is of no value except when 

compared over time or against a benchmark (Durdyev & Mbachu, 2017). In the context of 

this research, the labor productivity perspective is adopted because it is the most popular 

measure of effectiveness and efficiency in the construction industry (Durdyev & Mbachu, 

2017) and the most widely measured (Loosemore, 2014). This also aligns with some 

arguments that labor productivity defined as output per unit of labor input is a better measure 

of value added or quantity produced per worker (Loosemore, 2014) and a better correlator 

with workforce efficiency which underpins the achievement of organization goals, profitability 

and business success (Durdyev & Mbachu, 2011). This definition says nothing about the 

quality of the outputs or the benchmark standard for assessing the output for acceptance or 

rejection.  

 

Productivity performance 

Likewise, ‘performance’ is a complex phenomenon that could take on varied interpretations 

depending on the objective sought. However, ‘performance’ does a better job at qualifying 

the output and the rate of the processing functions of productivity and therefore how 

productivity could be qualified as one of performing to expectations, under-performing, or 

over-performing to expectations, depending on how the rate of processing and the quality 

of the outputs compare with the pre-set benchmarks or standards. Therefore, a better 

coinage in the context of this study is ‘productivity performance’ which is the productivity 

efforts dispensed towards achieving the pre-set performance standards. In the construction 

industry, the key pre-set performance standards comprise: 1) Schedule performance - i.e. 
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the extent to which the time spent in accomplishing the productivity efforts compared to the 

schedule performance targets (Ameh & Osegbo, 2011); 2) cost performance - i.e. the extent 

to which the funds expended in the productivity efforts compare to the budget or cost 

performance targets (Wei et al, 2019; Alwisy et al., 2020); and 3) quality performance – i.e. 

the extent to which the output or the service quality meets contractual and regulatory 

compliance standards prescribed for acceptance or certification (Mbachu et al., 2017).  

However, quality performance and other aspects of project performance measurement such 

as client satisfaction, safety, health and environmental performance are difficult to measure 

objectively due to the subjectivity surrounding their assessment and acceptance (Mateos-

Ronco & Hernandez-Mezquida, 2018; Haji Karimian et al., 2019). Moreover, most authors 

believe that schedule and cost performance is the denominator that captures performance 

or non-performance in other measures of productivity performance based on their impacts 

on the time and cost dimensions of the project dynamics (Mbachu et al., 2017; Bohme et 

al., 2018). Nevertheless, the key indicators of project productivity performance were 

explored in this study to gain a more holistic understanding of their direct and interactive 

effects on project productivity.  

 

Construction firms 

Construction firms are businesses offering building and construction services that support 

other sectors of the economy (Jardim-Goncalves, 2010). The construction industry value 

added contributes significantly to the gross domestic product (GDP) of the Australian 

economy. For instance, in 2018 small business value added continuously rose and 

contributed up to one-third of the total industry value added (ASBFEO, 2019). For the 

construction sector, the value added by small business in the sector witnessed an increase, 

up from 47% in 2013-2014 to 57% in 2017-2018 (ASBFEO, 2019). The significant 

contributions of the small businesses in the construction sector make these small firms the 

backbone of the economy (Durdyev & Mbachu, 2011); therefore it important to research 

critical issues that may be impacting on the productivity of these group of firms so as to 

enhance their contribution to the socio-economic wellbeing of Australia.  

The Australian Small Business and Family Enterprises Ombudsman (ASBFEO, 2019) 

categorises construction firms based on the number of employees as shown in Table 1. The 

table also shows their relation proportions in the Australian construction sector. 
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Table 1: Business size measured by employment 

Firm type Employees % sectoral proportion 

Small 0-19 97.6% 

Medium 20-199 2.2% 

Large 200+ 0.2% 

[Source: ASBFEO, 2019] 

  

This study focuses on businesses that are categorised as small and medium enterprises 

(SMEs) in the construction sector as shown in Table 1. As indicated in Table 1, these 

enterprises constitute roughly 99.8% of the firms in Australia (ABS, 2018). Given the fact 

that issues around productivity may be influenced by firm size (Durdyev, 2017), there is 

therefore the need to investigate issues around productivity of this important group of service 

providers in the construction sector.  

 

2.3 KEY DETERMINANTS OF PROJECT PRODUCTIVITY, 
HYPOTHESES AND MODEL DEVELOPMENT 
 

Several studies have investigated key determinants of construction project productivity 

performance, though in varied contexts and perspectives. The key determinants are viewed 

as the key measures for productivity improvement in the industry (Alazzaz & Whyte, 2015; 

Ghodrati et al., 2018; Zhang et al., 2021). A narrative review of contemporary literature 

reveals three major categories of determinants that could support higher productivity in 

construction project delivery: Measures related to capacity & capability development 

(Sepasgozar et al., 2018; Li & Liu, 2019), measures related to management of the projects 

and/ or internal processes (Ramani & KSD, 2019; Kim et al., 2020), and measures related 

to contractual and financial management of the project (Zhao, et al., 2017; Le et al., 2020; 

Omopariola et al., 2020) These are discussed in detail in the following subsections. 
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2.3.1 Measures related to capacity & capability development 

Outcome of a review of literature shows that well-developed capacity & capability of a 

construction firm could enhance the firm’s productivity performance in a construction project 

in many ways. In this context, ‘capability development’ refers to the acquisition, development 

and maintenance of the critical skills and knowledge required for a particular task or 

operation (Govender, 2016). In the same vein, ‘capacity development’ refers to the 

acquisition and maintenance of the critical resources required to support the entity’s 

capability in meeting the expected standard of performance towards the strategic goals or 

objectives of the entity (Rajeshwari et al., 2020).  These include improvement in workforce 

empowerment (Ghoddousi et al., 2015; Khanh et al., 2016; Snyman & Smallwood, 2017; 

Seadon & Tookey, 2019). In its 2013 survey of 209,783 Australian construction businesses, 

the Australian Bureau of Statistics (ABS, 2013) also found that in addition to business size, 

workforce characteristics such as wages and salaries, working conditions and training, 

formed part of the key measures of productivity performance and profitability of the 

construction businesses operating in Australia. However, business size has been viewed as 

being more of a moderator than a causative factor (Zhao et al., 2017; Kim et al., 2020). 

Other measures of workforce empowerment include having experienced workforce, 

motivating workers through appropriate remuneration, promotion, job security and incentive 

payments (Ghoddousi et al., 2015); and involving workers in key decisions and planning of 

their work so they can take ownership and be accountable for successful execution of 

assigned tasks (Khanh et al., 2016; Cwik & Rosłon, 2017).   

Other subparts of capacity & capability relate to technological innovation (Shibeika & Harty, 

2015; Chowdhury et al., 2019; Ramani & KSD, 2019; Kim et al., 2020). In this context, 

‘technological innovation’ includes the use of digital technologies such as building 

information modeling (BIM) in the design and construction processes to improve buildability, 

efficiencies, and data-driven decision-making (Chowdhury et al., 2019; Seadon & Tookey, 

2019), adopting digitized workflow to minimize paper-based and manual processes and to 

ensure more effective document control, information sharing, and timely response to 

requests for information (Davidson, 2013; Shibeika & Harty, 2015); utilizing lean construction 

tools to reduce idle times and waste and improve efficiency (Bajjou et al., 2018; Ramani & 

KSD, 2019; Awad et al., 2021) 

Having access to equity and debt for supporting working capital and effective operations 

forms part of the third subpart of capacity & capability of construction firms. For instance, 
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Peterson (2020) found that having adequate equity or internal source of funds is a strategic 

and more reliable way of supporting the business during times of financial hardship. From a 

different perspective, Parthasarathy et al. (2017) argued that having sufficient collaterals 

could help to secure funding from lenders to support the business during times of financial 

hardship. From a reference point of view, Omopariola et al. (2020) advised maintaining good 

credit rating and financial standing as a way of keeping open lines of credit and access to 

funding from lenders or credit suppliers to avoid cash flow problems or risk of insolvency, 

thereby improving productivity performance.   

Based on the above literature insights, the following hypothesis is formulated for empirical 

testing:  

Hypothesis 1:  Capacity & capability (CC) are key determinants of productivity 

performance (Pp) of construction firms 

Analytically, this is hypothesized to imply that CC predicts Pp as modeled in Figure 6. The 

key subparts of the construct as gleaned from the above review of literature based on 

mentions by three or more literature sources form the indicators for its measurement, 

namely, experienced workforce (Shehata & El-Gohary, 2011), motivating workers (Alazzaz 

& Whyte, 2015), involving workers in key decision-making and planning of their work (Khanh 

et al., 2016), use of digital technology (Chowdhury et al., 2019), and having adequate equity 

and debt to support key operations (Peterson., 2020).   

 

2.3.2 Measures related to construction project management  

Literature insights revealed that effective management of projects and the internal support 

processes by a construction firm could enhance the firm’s productivity performance in a 

construction project in many ways. In this context, Kasser (2020) defined ‘project 

management’ as the process of managing the project resources and the project team to 

work effectively to successfully complete the project and achieve the project goals within the 

given constraints. From a process perspective, the Project Management Institute (PMI, 

2017) extend the project management role to include effective management of the five 

process groups: initiating, planning, executing, monitoring and controlling, and closing the 

project. The planning phase is crucial to establishing the scope of the project, refining the 

objectives, organizing the resources, defining the responsibilities and course of action, 

prescribing the project specifications and producing the project management plan. The 
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executing, monitoring and controlling phases are critical for ensuring performance to the 

prescribed specifications, tracking and reviewing progress and performance, and identifying 

areas for improvement in order to achieve the project goals.   

Other authors also concurred with the PMI (2017), by arguing that the project management 

role includes effective management of the overall resource for the project, taking into 

consideration the statutory and contractual risks and constraints with a view to delivering the 

project within time targets (Li et al., 2016; Yuan et al.,2018), agreed budget (Gurmu, 2020), 

and prescribed quality standards (Hwang et al., 2020). Other aspects relate to effective 

health and safety management (Fang & Ng, 2019; Kwofie et al., 2019), environmental 

management (Park & Ahn, 2012; Hilali et al., 2019), supply chain management (Memari et 

al., 2018; Rudolf & Spinler, 2018), stakeholder engagement and communication 

management (PMI, 2017), and overall risk management, including the use of effective 

enterprise risk management plan to identify, quantify, monitor and respond proactively to 

critical risks thereby minimizing disruptions and enhancing resiliency and project success 

(Nojedehi & Nasirzadeh, 2017; Hoseini et al., 2019). 

However, the project management role requires the inputs provided by capacity & capability 

domain to effectively perform its function and deliver the required output, including 

productivity and successful delivery of the project. This is evident in Zhao et al. (2021) 

observation that capacity & capability underpin the core functions of any organization and 

are critical to achieving the organization's goals. Also McKinsey (2022) found that, in a 

volatile operating environment, well-developed capacity & capability are crucial 

underpinnings of strategic resilience, which is increasingly becoming a critical prerequisite 

for corporate performance. Therefore, project management function, levering off capacity & 

capability to deliver the expected productivity performance is better perceived as performing 

a mediating role of enhancing the causal link between CC and Pp.      

Based on the above literature insights, the following hypothesis is formulated for empirical 

testing:  

Hypothesis 2: Effective management of construction project (PM) by a 

construction firm significantly mediates the contribution of the 

capacity & capability of the firm to its productivity performance 

(Pp) 
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Analytically, Hypothesis 2 implies that the causal link existing between CC and Pp could be 

significantly enhanced by the mediating influence of PM. This then requires breaking down 

Hypothesis 2 into two parts as follows: 

Hypothesis 2a: Capacity & capability (CC) construct strongly predicts 

effectiveness of construction project management  

Hypothesis 2b: Effective construction project management (PM) strongly 

predicts productivity performance in a construction project  

The key indicators for measuring the effectiveness of construction project management (PM) 

construct as alluded to by three or more literature sources, namely, quality assurance 

planning (Ghoddousi et al., 2015), minimizing defective work through proper supervision 

(Zhang et al., 2021), minimizing overtime that may result in fatigue and burnout (Ghodrati et 

al.,2018), ensuring effective project team and supply chain coordination (Loosemore, 2014; 

Arantes et al., 2015), ensuring effective procurement and maintenance of core machinery 

and equipment for the project execution (Hwang et.al., 2020), and the risk management 

(Nojedehi & Nasirzadeh, 2017; Hoseini et al., 2019).  

 

2.3.3 Measures related to contractual and financial management of the project  

Effective contractual and financial management role could contribute significantly to 

productivity, successful delivery and profitability of construction projects. For instance, Bilal 

et al. (2019) found that setting up the right profit margin and its continuous tracking as the 

project progresses are part of financial and contract administration tasks that are essential 

to achieving productivity and profitability performance in construction projects. Also, 

Burtonshaw-Gunn (2017) found that contractual and financial management of construction 

projects involves effective cost estimation, budgeting, monitoring and control, which are 

critical to achieving the productivity and profit objectives in a project. Though risk 

management is primarily part of the project management function, Burtonshaw-Gunn (2017) 

sees it as a key part of project contract administration because it helps to identify and 

manage risks that could impact on the expected productivity in a construction project. In this 

context, contract administration function helps to clearly identify the prescribed deliverables, 

the expected quality tests for acceptance or certifications, the expected timelines for 

reporting compliance, and the prescribed supporting evidence of compliance. One key 

aspect of the financial management role is ensuring that there is adequate cash flow for 
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effective operation and progress on the job. The importance of cash flow for successful 

delivery of the construction project, and for the survival of the construction business is 

reflected in the famous quote of Lord Denning, a famous judge of the UK Court of Appeal, 

while delivering a landmark decision in Gilbert-Ash (Northern) Ltd v Modern Engineering 

(Bristol): “There must be a ‘cash flow’ in the building trade. It is the very lifeblood of the 

enterprise”.  

From contractual and regulatory viewpoints, Bouzidi et al. (2012) associated keeping track 

of rapid changes in regulatory and contractual compliance requirements on a project as a 

key role of the contractual management of a project to avoid costly non-compliance issues 

and hence pave the way for successful project completion. This also aligns with the views 

of Hilali et al. (2019) and Cerezo-Narvaez et al. (2020) that contractual and regulatory 

oversight on a project – which is a key role of contractual management – would primarily 

require the use of effective scope and change management approaches to minimize scope 

creep, respond proactively to variation orders and reporting obligations, and enhance the 

achievement of the project goals. 

From a relationship viewpoint, Zhao et al. (2021) found that contractual and financial 

management role would recommend the use of relational contracting in lieu of the traditional 

approaches when there is the need to leverage the benefits of collaboration and mutual 

commitments to navigate the constraints of disputes and rivalry to achieve project goals. In 

this context, relational contracting involves the use of collaborative and win-win approaches 

to procurement, such as partnering, strategic alliance, project alliance, supply chain 

management and joint ventures which are based on trust, cooperation and commitment to 

ensure that the need to maintain the relationship among project stakeholders overrides the 

gains achieved by enforcing the appropriate legal contractual obligations thereby ensuring 

project success and win-win for all (Kwawu & Hughes, 2005).   

Managing the risks and complexity of the construction project and at the same time ensuring 

that the profit margin on a project is achieved means that the crucial role of contractual and 

financial management cannot succeed without the deployment of effective digital strategy 

to help minimize paper-based and manual processes (Davidson, 2013) and ensure more 

effective document control and workflow (Shibeika & Harty, 2015).  

However, the construction project contractual and financial management role also leverages 

the vital resources provided by well-developed and functional capacity & capability assets 
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to effectively perform its function and deliver the required outputs, including ensuring that 

the project is completed within budget, and to the productivity expected in the project (Haji-

Karimian, 2017; Zhao et al., 2021). Therefore, contractual and financial management 

function plays a mediating role, since it levers off capacity & capability to deliver the expected 

productivity outcomes.  

From role-supporting perspectives, several authors such as Alwisy et al. (2020) and Sutrisna 

et al. (2020) argued that the contractual and financial management function forms part of 

and supports the project management role. This is because the project management role is 

primarily responsible for the overall delivery of the project within time, cost and quality 

targets, while navigating the contractual, regulatory and operational risks (Zhao et al., 2021). 

Also, the role-supporting perspective of the contractual and financial management function 

is evident in the inclusion of cost, resource and procurement management as part of ten 

knowledge management areas of the project management role (PMI, 2017), which are often 

devolved to the contract and financial management role (Mbachu et al., 2017). In this 

context, the contract and financial management function supports the project management 

role in keeping track of deadlines, deliverables, and other obligations laid out in the 

construction contract, as well as keeping tabs on communication, tracking, change control 

and other tasks, while maintaining separate contract with the project owner, depending on 

the model of consultant engagement adopted (van der Puil & van Weele, 2014).      

Based on the above literature insights, the following hypothesis is formulated for empirical 

testing:  

Hypothesis 3: Effective management of contract and finance (CFM) by a 

construction firm significantly mediates the contribution of the 

capacity & capability of the firm to its productivity outcomes 

(Pp)  

Analytically, this is hypothesized to imply that causal link between CC and Pp can be 

significantly enhanced by the mediating influence of CFM. Also, the CFM provides crucial 

support to the PM role. This then requires breaking down Hypothesis 3 into three parts: 

Hypothesis 3a: The independent construct of capacity & capability (CC) 

strongly predicts the effectiveness of the mediating 

contractual and financial management construct (Alzahrani & 

Emsley, 2013; Clough, 2015). 
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Hypothesis 3b: Effective contractual and financial management (CFM) strongly 

predicts productivity performance in a construction project 

(Assaad et al., 2020; Tong et al., 2021). 

Hypothesis 3c: Effective contractual and financial management (CFM) strongly 

supports construction project management role in a 

construction project (Alwisy et al., 2020, Sutrisna et al.,2020). 

The key indicators for measuring the effectiveness of the contractual and financial 

management (CFM) construct as alluded to by three or more literature sources, notably, 

relational contracting (Jelodar et al., 2016), cost and procurement management (PMI, 2017), 

cash flow management (Le et al., 2020), effective scope and change management (Hilali et 

al., 2019), tracking rapid changes in regulations (Bouzidi et al., 2012), and digitizing data by 

minimizing paper-based and manual processes (Shibeika & Harty, 2015). 

 

2.3.4 Moderating influence of firm size on the causal relationship  

Firm size could be assessed based on the capacity or turnover of the firm, the numerical 

strength of full-time employees, or the value of assets. However the most popular indicator 

of firm size is the number of full-time employees (Zhao et al., 2021). In this context, the 

Australian Small Business and Family Enterprises Ombudsman (ASBFEO, 2019) 

categorizes construction firms ‘small sized’ (with employees ranging from 0 to 19), ‘medium-

sized’ (with employees ranging from 20-199), and large-sized (with employees over 199). 

Outcome of a review of literature shows that firm size constitutes one of the key 

characteristics of a business entity that could significantly influence how the entity processes 

its input and supporting resources to produce outputs of value via its products and/or 

services, and therefore a key determinant of its productivity performance (Park & Ahn, 2012; 

Hilali et al., 2019; Hoseini et al., 2019; Hwang et al., 2020; Gumu,2020). Also, Durdyev et 

al. (2021) argued that issues around productivity of construction firms may be influenced by 

firm size either positively or negatively. On the negative side, Van Biesebroeck (2005) found 

that small construction firms have capacity & capability issues that limit their operations and 

performance such as their inability to source operating capital and credits supplies from 

funders and creditors, mainly due to lack of the requisite collateral securities, and business 

continuity issues, with many small businesses going out of business after less than three 

years in operation (Australian Small Business & Family Enterprise Ombudsman, 2019). 
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Also, in regard to the generic problem of smallness, the Chartered Professional Accountants 

(CPA, 2021) noted that smaller enterprises are constrained by higher fixed costs and 

inability to take advantage of economies of scale. This is evident in their limited capacity to 

buy materials and components in bulk, hence less likely to receive favourable deals from 

suppliers. Such capacity & capability constraints also impact negatively on the value of 

contracts such firms are allowed to tender for. For instance, the Queensland Building and 

Construction Commission (QBCC, 2018) places restrictions on the scope of work and 

contract value that small sized businesses could tender for based on their license 

categories.   

However, there is overwhelming evidence of the positive impact of smallness on the 

productivity performance of a firm. For instance, De & Nagaraj (2014) found that the flexibility 

of the business model of small firms could enhance their agility and resilience to market 

forces and gain efficiencies, productivity. 

Based on the above literature insights, the following hypothesis is formulated for empirical 

testing:  

Hypothesis 4: Firm size significantly moderates the direct causal relationship 

between capacity & capability (CC) and the productivity 

performance (Pp) of construction firms such that increase in 

firm size could positively and significantly increase capacity & 

capability enhancement of productivity performance. 

 

 

2.4 SUMMARY OF LITERATURE REVIEW AND KNOWLEDGE 
GAP 
 

This chapter has reviewed contemporary literature related to the subject. Key terms 

embodied in the topic or underlying the main thrust of the research have been defined to 

accord with the context of the study, drawing from differing perspectives provided in the 

literature. Also, key factors influencing productivity in the construction industry have been 

reviewed and summarised, as well as measures for their improvement.  
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The literature reviews have provided insights on the extent to which the research questions 

have been resolved in previous studies. Existing knowledge gaps included lack of 

prioritization of the myriads of variables identified in the literature concerning aspects of the 

research questions and objectives. This concurred with Durdyev et al. (2021) argument that 

much of research study findings have not been adopted by industry practitioners because 

they are often perceived as information overload. What practitioners need are the few 

solutions that could address the largest chunk of the problems. This aligns with the 20:80 

rule (Karimian et al., 2018). Moreover, the findings in the extant literature concerning the 

research questions and objectives related to offshore contexts; these may not strictly align 

with the peculiarities of the Australian industry context, arising largely from differences in the 

socio-cultural, economic and regulatory environment within which construction operations 

are carried out (Zhao et al., 2020).  

 

Therefore, while drawing insights from extant literature as summarised in this chapter, 

investigations and analyses were undertaken in the current research to prioritize the key 

findings relating to the research questions and objectives. Also, emerging constructs which 

have not been identified in the previous studies could be discovered during the fieldwork, 

which could help to expand the boundaries of existing knowledge.  

 

 

2.5 CONCEPTUAL FRAMEWORK FOR THE STUDY 
 

Figure 6 shows the analytical framework for the study as developed based on insights 

derived from the foregoing literature reviews. The figure presents the measurement models 

of the constructs with their measurement indicators as alluded to in previous studies, as well 

as the structural model comprising the hypothesized causal, mediating and moderating links 

to be tested using structural equation modeling and analytical technique. The reflective 

nature of the indicators was as recommended in previous studies, notably, Henseler et al., 

2015; Bairagi & Munot, 2019; Hennink et al., 2020. However, there was the need to modify 

the initial constructs gathered from the literature as presented in Tables 3-5. Initial screening 

analyses suggested modifying the initial information to produce a more concise codification 
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of the constructs and their measuring indicators as shown in the conceptual framework 

(Figure 6). This adjustment involved merging some similar constructs and indicators for ease 

of analysis and to simplify the analytical model. Details of the analyses are explained in the 

data analysis subsection of the Research Method section. 
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Figure 6: Conceptual framework for the study: Key determinants of construction project 
productivity performance
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CHAPTER 3: RESEARCH METHODOLOGY 
 

3.1 OVERVIEW 
 

This chapter presents a review of the various applicable methods for designing and 

implementing research, and the rationale for selecting the method that best aligned with the 

research questions and the key thrust of the study. The chapter also presents the most 

popular approaches adopted for implementing research in construction and social sciences, 

which should comprise two stages of qualitative and quantitative data gathering process. 

The chapter also highlights the methods employed in the empirical data analyses and the 

test of hypotheses, and finally covers issues about reliability and validity in the research 

process and the levels of confidence that could be attached to the research findings, as well 

as the ability of the findings to be generalized beyond the current scope of investigations to 

wider but related contexts. 

 

3.2 RESEARCH METHODS 
 

The overarching aim of this study was to establish and prioritize the key factors constraining 

the productivity of Australian construction firms and the improvement measures. Achieving 

the research aim requires a combination of research methods. The research methods need 

to be reviewed regarding their relevance and effectiveness in helping to accomplish the 

research goal. Depending on the main objectives to be achieved, several authors such as 

Fellows & Liu (2015) and Creswell & Creswell (2018), identified three main systematic 

approaches to research as comprising qualitative, quantitative and mixed research 

methods. These are reviewed in the following subsections in the context of their relevance 

to the research aim and key questions. 

 

3.2.1 Qualitative research method 

In broad terms, Hennink et al. (2020) identified the qualitative research method as an 

approach that allows the researcher to examine research participants or research objects in 
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detail using in-depth inquiry approaches such as in-depth interviews, focus group 

discussions, observation studies, and content analysis. The authors argued that the 

distinctive feature of qualitative research is that the approach allows the researcher to 

investigate complex and deeply rooted issues from the perspectives of the study 

participants. Qualitative research method therefore enables the research to gain deeper 

understanding of the meanings and interpretations that the participants give about 

behaviours, events, or objects. Creswell & Creswell (2018) viewed the qualitative research 

method and aim as being interpretive in nature; it requires the researcher to be open-

minded, curious, and flexible in the research process as well as being able to listen 

attentively to people telling their own story about their experience of the phenomenon being 

studied.  

Durdyev et al. (2021) and Nnanna et al. (2021) were of the view that qualitative research is 

most suited to the research project where the intent is to develop new theories or hypotheses 

from few observations, as distinct from the theory or hypotheses testing intent of the 

quantitative research. 

Based on a theory-building or hypotheses-generating intent, the qualitative research method 

involving narrative reviews of related studies (Zhao et al., 2020) was used at the first stage 

of the empirical data gathering to explore the relevant constructs that drive productivity 

improvement of construction firms. Prior to the adoption of narrative reviews of related 

studies, the initial plan was to base the qualitative data gathering on the use in-depth 

interviews with contractors and consultants in the Australian construction industry. However, 

the COVID-19 pandemic social-distancing rules and lockdowns prevented the use of this 

approach. The initial Human Ethics approval was re-applied for and obtained to enable the 

new approach to be implemented. The constructs obtained from the qualitative data 

gathering stage were subsequently used to design questionnaires, allowing survey 

respondents to rate the constructs for relevance and relative importance in the context of 

the Australian construction industry. 

 

3.2.2 Quantitative research method 

Queiros et al. (2017) defined quantitative research method as an approach used to seek 

and obtain accurate and reliable measurements that allow a rigorous statistical analysis to 
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be carried out on the empirical data. Fellows & Liu (2015) recommended the use of 

quantitative method when the research aim is to test the theories or hypotheses generated 

from few observations at the qualitative data gathering stage. The quantitative research 

approach therefore requires the researcher to gather enough empirical data that are 

representative of the sampling frames delineated for the study. Depending on the research 

objective sought, popular approaches adopted in the quantitative research method design 

and implementation include field experiments, simulation, questionnaire surveys, correlation 

study and causal relation studies.  

Consequently, based on a theory- or hypotheses-testing intent of the second stage of this 

research project, the quantitative research method involving questionnaire surveys was 

used to gather empirical data. The aim at this stage was to test the relevance or relative 

levels of importance of the constructs generated at the first qualitative data gathering stage. 

Therefore, the surveys enabled questionnaire survey respondents to rate each construct for 

relevance or importance using a 5-point Likert rating scale (Zhao et al., 2020). Subsequently, 

statistical tests of significance were performed to identify the most relevant or priority 

constructs that drive productivity improvement of construction firms in the context of the 

Australian construction industry. 

 

3.2.3 Mixed methods research 

Venkatesh et al. (2016) and Creamer (2018) identified the mixed methods research as an 

approach that allows the researcher to collect, analyze and integrate both qualitative and 

quantitative data using diverse mixed methods research design, giving rise to hybrids such 

as convergent mixed methods, explanatory sequential mixed methods, exploratory 

sequential mixed methods. The authors suggested that rationale for the mixed methods is 

to leverage the benefits of qualitative and quantitative research and minimize their 

limitations. In addition, the mixed methods approach allows the researcher to compare 

different perspectives drawn from quantitative and qualitative data, explaining quantitative 

results with a qualitative follow-up contextual interpretation of the results. Creswell & 

Creswell (2018) viewed the mixed methods research as a useful strategy to have a more 

holistic understanding of research problems and solutions. 
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Therefore, based on the theory-validation intent of the third stage of this research project, 

the quantitative research method involving close-ended questionnaire surveys was adopted 

to test the hypotheses using empirical data. The purpose of the third stage was to validate 

the effectiveness and operational feasibility/practicality of the recommendations through 5-

point Likert scale ratings. 

 

3.2.4 Research method adopted and the rationale 

The overarching aim of this study was to establish and prioritize the key factors constraining 

the productivity performance of Australian construction firms and the improvement 

measures. In line with the theory-developing and theory-validating intents of the study, the 

descriptive survey research method was deemed most appropriate research method for the 

study (Creswell & Creswell, 2018); this involved two-stages of qualitative and quantitative 

data gathering. The first stage qualitative data gathering was planned to involve reviews of 

related studies and industry consultations via interviews. The goal at this stage was to 

identify some key productivity influencing factors as constructs for further investigations. 

However, due to COVID-19 restrictions, the qualitative interviews with industry practitioners 

could not be carried out. The qualitative data gathering was therefore based solely on in-

depth narrative review of literature as detailed in section 3.4.1. The second stage 

quantitative data gathering involved the use of open-ended questionnaire designed with the 

constructs. The questionnaire was administered to the wider groups of industry 

professionals as detailed in section 3.5. 

 

3.3 SCOPE OF INVESTIGATIONS 
 

Scope of investigations for the study was limited to views expressed by registered members 

of the Australian Institute of Quantity Surveyors (AIQS) and the Master Builders Australia 

(MBA). In addition to cost management professionals and contractors, these two 

professional and trade organizations comprised a mix of other professionals such as 

designers and construction project managers. The choice of the two groups was based on 

their key role as thought-leaders and decision-makers in matters concerning productivity 

outcomes in construction projects (Aibinu et al., 2018; Le et al., 2020; Zhang et al., 2021), 
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hence the expectation that they should be well-qualified and experienced to offer 

authoritative responses to the questions posed to generate data for achieving the research 

aim. 

3.4 RESEARCH PROCESS 

Two stages – secondary data gathering and primary data gathering - were followed in the 

research based on recommendations of some related previous studies (Hilali et al., 2019; 

Hoseini et al., 2019; Hwang et al., 2020; Durdyev et al., 2021). The first stage secondary 

data gathering involved the use of narrative review of related literature to gain broad 

understanding of current state of research and knowledge in the subject area as well as 

knowledge gaps upon which to anchor the current study. The second stage primary data 

gathering involved the use of questionnaire survey conducted with industry practitioners. 

The questionnaire was designed using constructs generated from the first stage literature 

survey. Figure 7 presents a flowchart of the key stages followed in the research process, 

while details of the stages are highlighted in the subsections that followed. 

 

 

3.4.1 Stage 1 Narrative review of literature 

As the phrase implies, narrative review of literature offers a narrative or rigorous 

methodological approach for synthesizing evidence of findings in related literature that fits 

pre-specified selection eligibility criteria with which to resolve some research questions or 

1) Problem 
definition: Identify 
research problem; 
pose research 
questions, and set 
research objectives 

2) Pilot study: Critically review relevant 
literature to generate constructs. Obtain 
ethical approval for the research. Consult 
experienced industry practitioners to 
confirm relevant literature constructs as well 
as seek new constructs for designing 
questionnaire. 

3) Conceptual framework: 
Develop conceptual 
framework to guide 
research, using theories and 
ideas from the pilot study. 

4) Design & pre-test 
questionnaire: Design 
questionnaire, using constructs 
generated from the pilot study. 
Pre-test questionnaire for clarity, 
reasonableness & effectiveness. 

5) Survey: Administer 
questionnaire to target groups 
delineated for the study 
through the support of their 
organisations’ secretariats 

6) Data analysis: 
Analyze data and 
provide inputs for 
testing research 
hypotheses 

7) Validation: Carry out tests of research 
hypotheses using appropriate test statistics; 
articulate findings and recommendations 
flowing from the research. 

8) Conclude research: Write up and 
present manuscript for assessment and 
comply with suggested emendations & 
publish. 

1st stage  

2nd stage 

Figure 7: Flowchart of the research process followed in the study 
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gain understanding of existing knowledge gaps in a subject area. Moher et al. (2015) argued 

that narrative review uses explicit and narrative methods to minimize bias in the 

identification, selection, synthesis, and summary of relevant studies. When done well, 

narrative review helps to provide reliable findings from which conclusions can be drawn. The 

key procedure or characteristics of a narrative review may vary across disciplines; however 

the following process is widely reported (Chai et al., 2013; Nsanzumuhire & Groot, 2020; 

Alaloul et al., 2022) as follows:  

(1) a clearly stated set of objectives or research questions with an explicit, reproducible 

methodology;  

(2) a search strategy that incorporates appropriate combination of keywords or phrases with 

which to systematically search database(s) to screen and retrieve all relevant studies that 

meet the eligibility criteria;  

(3) the use of content and thematic analysis with which to extract relevant themes or 

constructs that address the search questions, often involving the use of bibliographic 

mapping tools that utilize natural language processing search algorithms to process and 

statistically analyze vast amounts of data with a view to inferring meaning or themes from 

keywords or phrases embedded in the complex grammatical sentences of the source 

dataset(s);  

(4) use of meta-analysis where necessary to compare or assess the validity of the findings 

of the included studies;  

(5) narrative presentation, and synthesis of the characteristics and findings of the included 

studies in response to the research questions.  

For the sake of succinctness, Figure 8 is used to summarize the approach followed in the 

Stage 1 narrative review of literature as recommended in previous studies (Moher et al., 

2015; Aitken et al., 2016; Charef et al., 2018).  
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Figure 8: Stage 1 narrative review of literature – process flow chart 
(Source: Adapted from Chai et al., 2013; Moher et al., 2015; Charef et al., 2018). 

 

 

Start 

State research 
question(s) in line 
with objectives 

What contemporary studies have been 
conducted on the key determinants 
and improvement measures for 
construction project productivity? 
What knowledge gaps exist? 

Use Boolean keyword combinations, 
search bibliographic databases of 
construction & building (e.g. Ebsco, 
Scopus, etc) for journal articles, books, 
theses, etc 

Keywords: “construction”, 
“productivity”, 
“improvement” 

Exclusions: Screen 
results for quality & 
relevance: 
 

Quality/exclusion criteria: a) Source 
credibility/reliability (e.g. High quality Q1 peer-
reviewed journals); b) Relevance to topic & 
objective; c) Currency: publication date 2011-2022. 

 

Modify themes   
Developed conceptual 
framework 

Review shortlisted articles; 
export in format suited for 
bibliometric network mapping 

Analyze thematically 
identified key productivity 
determinants/ improvement 
measures manually or using 
software such as Nvivo or 
VOSviewer 

Thematic coding: 
Index variables linked 
to common themes 

Identify themes 

Broad spectrum of key themes: 
- Workforce empowerment 
- Technology-driven capabilities 
- Equity and debt sourcing for 

capital 
- Resource management 
- Schedule, quality, and health & 

safety management 
- Project risk management 
- Stakeholder communication 

management 
- Digitized and automated 

workflow 
- Cost & financial management 
- Tender & contract management 
- Contractual risk management 
- Procurement and supply chain 

management 

Collate results from 
different databases and 
merge duplications 

Collation & duplicate 
check: Check manually 
or use software such as 
Zotero 

Modified main & sub-themes in the context of 
the study:  
A) Capacity & Capability (CC): 

- Workforce empowerment 
- Technology-driven capabilities 
- Equity and debt sourcing for capital 

B) Project Management (PM): 
- Resource management 
- Schedule, quality, and health & safety 

management 
- Project risk management 
- Stakeholder communication management 

C) Contractual & financial management 
(CFM): 

- Digitized and automated workflow 
- Cost and financial management 
- Tender & contract management 
- Contractual risk management 
- Procurement and supply chain management 

 

End  

LEGEND: 

Activity  Process  Output  Progression Activity/ output details 

Articulate existing 
knowledge gaps and 
recommended areas for 
further investigation to 
inform basis for Stage 2 
research design 

1,451 articles pooled 
from Ebsco, Scopus, 
Web of Science, 
Google Scholar & 
InfomIT databases 

105 articles met 
quality/exclusion 
criteria 
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3.4.2 Stage 2 Primary data gathering 

The second stage of the research was for quantitative data gathering and analysis. This 

involved the use of survey questionnaire, which were designed with the constructs 

generated at the first stage. The conceptual analytical models developed from literature 

insights were tested for validity at this stage. The results informed the conclusions and 

recommendations that flowed from the work.  Details about the primary data sources, units 

of analysis and the survey instrument are highlighted in the following subsections. 

 

Primary data sources and units of analysis 

The prospective survey participants comprised registered members of the Australian 

Institute of Quantity Surveyors (AIQS) and the Master Builders Australia (MBA). Preliminary 

investigations conducted between 15 May and 7 June 2021 showed that there were 

approximately 3000 qualified members of AIQS and 4,500 members of the Master Builders 

targeted for the study. However, inspection of their membership directories online showed 

that the experienced practitioners to be recruited as prospective responders other than 

students and non-professional affiliates comprised 2,300 AIQS and 2,800 MBA registered 

members. The required sample sizes for representative feedback were estimated following 

Bairagi & Munot (2019) recommendations for adequate sample sizes that could represent 

the characteristics of populations at 95 percent level of confidence. However, the sample 

size calculator provided by SurveyMonkey (2021) is widely used (Dijkstra & Henseler, 2015; 

Hennink et al., 2020). Equation 1 shows the underlying expression for the ideal sample size 

calculation. 

𝑺𝑭𝟏 =
[𝒛𝟐 × 𝒑(𝟏 − 𝒑)] 𝒆𝟐⁄

𝟏 + [𝒛𝟐 × 𝒑(𝟏 − 𝒑) 𝒆𝟐𝑵⁄ ]
 

           (1) 

Where: 

 

SFi  =  Ideal representative sample size from ith sampling frame  

Z = The Z-score, representing the number of standard deviations a given 

proportion is away from the mean for a chosen confidence interval. For 95% confidence 

interval usually adopted for most statistical analysis (Creswell & Creswell, 2017), the Z-score 

is 1.96. 
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P = Response rate; i.e. the percentage of actual respondents among those who 

will receive invitation to the survey. For the construction industry, previous studies suggested 

25 – 35%, with the average of 30% being used for most surveys (Durdyev et al., 2021; Zhao 

et al., 2021).  

e = Margin of error; i.e. the range (measured as proportion or percentage) that the 

target frame or group members’ responses may deviate from those of the samples drawn 

from the target sampling frame. The smaller the margin of error, the closer you are to having 

the exact answer at a given confidence level. SurveyMonkey (2021) suggests using e. 

N = Size of target sample; i.e. total number of prospective research participants in 

the group being surveyed. 

 

Estimation of the sample size using Equation 1 was based on 95% confidence interval and 

5% margin of error which were popularly adopted in the literature (Saunders & Lewis, 2017). 

Given the 30% expected response rate in the construction industry as recorded in previous 

studies (Durdyev et al., 2021; Zhao et al., 2021), the estimated number of research 

participants to be invited to generate the minimum representative samples from the two 

sampling frames were 185 for members of the AIQS and 204 for MBA members, totaling 

389 samples. Consequently, a total of 389 potential research participants were targeted for 

the study. However, access to the sampling frames of both industry organizations was 

restricted due to privacy concerns.  

In addition to estimating the minimum sample size for representativeness, G-Power test 

(Hair et al., 2022; Soper, 2022) was carried out to determine the a-priori minimum sample 

size for meeting the requirements of the structural equation model structure designed for the 

study. The calculation was done using the model parameters developed for the analysis as 

shown in Figure 6, namely, the number of latent variables (i.e. 4), number of observed 

variables (i.e. 22), the alpha level for the test (i.e. 5%), and the highest statistical power level 

of 0.8 (Hair, 2022; Soper, 2022). Results indicated that the minimum number needed to 

detect the effect size is 137; the minimum sample size for model structure is 138. 138 

therefore became the minimum usable survey responses targeted during the empirical data 

gathering.  

It should be noted that, rather than releasing the membership directory of each organization 

for the purpose of random sampling, the secretariats of both organizations preferred 

circulating links to the online questionnaire hosted on Qualtrics survey portal to their 

members via their internal circulars. Therefore, a census survey was implemented, which 
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gave every member equal opportunity to participate in the survey, hence minimizing 

sampling bias (Creswell & Creswell, 2018). 

Participants of the two sampling frames of the AIQS and MBA were subsequently invited to 

take part in the self-administered online questionnaire hosted on Qualtrics survey portal. 

Link to the online questionnaire was provided in an email request circulated to members by 

the secretariats of both industry groups through their internal circulars. 

 

Survey instrument 

The online self-administered questionnaire used for the primary data gathering was 

designed using constructs generated during the first stage literature reviews. The open-

ended questionnaire comprised two sections that solicited for respondents’ rating responses 

from among the rating options. Additional textboxes were provided for use by the 

respondents to provide further input variables that were not listed in each variable set. The 

main section comprises two sets of questions that require respondents to use a Likert 5-

point rating scale to rate the relative levels of effectiveness of the identified indicators for 

measuring each of the three constructs that were established in the literature for predicting 

productivity of construction firms as highlighted in the conceptual framework for the study in 

Figure 6, namely, capacity and capability development of construction firms; project 

management/ internal process improvement of construction firms, and the contract and 

financial management competencies of the construction firms. The third set of questions 

requires respondents to rate the relative levels of effectiveness of the identified constructs 

for measuring productivity performance of construction firms as contextually defined in 

section 2.2 of this study. 

The second section of the questionnaire requires respondents to select applicable options 

that best represent their demographic profiles relating to their firm sizes, roles in the industry, 

years of experience, and professional/ trade affiliations. Prior to deploying the questionnaire 

to the target sampling frames, it was pre-tested with a convenience sample of the 

prospective respondents. The pre-test feedback helped to redesign the questionnaire to 

improve its clarity, reasonableness, length and look and feel, with a view to maximizing the 

expected response rate. The survey commenced after the ethics approval was given by the 

authors’ institution’s human ethics committee.  



 

34 

 

3.5 QUESTIONNAIRE SURVEY: PLANNING & IMPLEMENTATION 
 

3.5.1 Introduction 

This section presents the methods used for the planning and implementation of 

questionnaire census surveys of the target industry respondent groups in Australia, between 

July and November 2021. The aim of the questionnaire surveys was to test the validity of 

the constructs generated during the pilot study with a view to obtaining reliable and 

representative feedback that could be generalized across the various populations of 

subjects involved in the study. 

 

3.5.2 Target populations, sampling frames and sampling method 

 

Target populations 

The target populations of respondents in the data gathering stages, as stated earlier, 

consisted of respective members of the building professionals and contractors who were 

actively involved in building project development.  

 

Sampling frames 

The target sampling frames comprised directories of registered members of the Australian 

Institute of Quantity Surveyors (AIQS) and Master Builders Australia (MBA), though these 

two sampling frames featured designers, construction project managers, cost managers and 

contractors. 

 

Sampling method 

Creswell & Creswell (2018) recommended that where there are two or more sampling 

frames – as is the case in the current study – stratified random sampling approach should 

be followed to recruit the units of analysis or individual members of each sampling frame in 

a randomized manner to minimize biased exclusion and to give every member the 

opportunity of being sampled.  
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3.5.3 Research Questionnaire design and pre-test 

 

Questionnaire design 

The research questionnaire was designed using variables sourced from the literature review. 

The variables were provided for ratings of relevance by prospective respondents. In addition, 

opportunity for new constructs were solicited from respondents in the open-ended sections 

of the questionnaire.  

With the exception of the demographic section of the questionnaire, which was aimed at 

obtaining quality information from experienced and qualified respondents for response 

reliability and validity purposes, the main data parts of the questionnaire were designed with 

conjoint analysis in mind. Durdey et al. (2018) identified the objective of conjoint analysis as 

being to secure part-worth or utility scores that represent the importance of each aspect of 

a phenomenon, product or service, in the subjects’ overall preference ratings. Thus, the 

essence of the questionnaire design is to obtain representative views of the respondents on 

the levels of importance or relative contributions of each attribute within a set of attributes 

being rated. 

Likert scales were provided in the questionnaire as instruments for measuring varying 

degrees of respondents’ opinions about the relative worth of the attributes in the subset, on 

the rating continuum. Saunders & Lewis (2017) and Creswell & Creswell (2018) supported 

the use of Likert scale in measuring opinions, beliefs and attitudes. 

 

Questionnaire pre-test 

Henseler et al. (2015) and Hennink et al. (2020) recommended pre-testing as a way of 

protecting against errors in questionnaires. To this end, the draft questionnaire was pre-

tested amongst convenience samples of quantity surveyors and contractors within the target 

populations who may not participate in the questionnaire survey when administered.  

The pre-testers included ten members each of the quantity surveyors and contractors. 

Twenty pre-testers participated in the pre-test. All the participants in the pre-test were 

directors and senior executives of their respective firms. The pilot tests were conducted 

between June 25 and July 10, 2021. 
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A two-stage approach was adopted for the pre-test. The first stage of the pilot test was 

conducted in the form of thirty to forty-five minute standardized scheduled interviews. In 

order to simulate conditions close to actual self-administered online surveys through which 

the final questionnaire would be administered, each participant was served the 

questionnaire and asked to respond to it in the same manner they would respond to an 

online questionnaire received via links in their secretariat internal circulars to members. Thus 

the respondents were asked to go through the questions, respond to those questions which 

they found unambiguous, and note down those questions they considered ambiguous, 

ridiculous or simply not necessary, without any interactions with the researcher. Notes were 

made on the sections of the questionnaire where the respondents paused over for some 

time. 

 

At the end of the questionnaire administration, the time taken was noted, and the respondent 

was asked to comment on the areas where he or she considered being worthy of 

modification, re-phrasing, clarification or complete removal. Their views on what should be 

the appropriate length of the questionnaire, response time and other features pertinent to 

enhancing response rates when finally administered, were also canvassed. 

Consensus in the respondents’ feedback led to the following amendments to the first draft: 

• The length of the questionnaire was limited to three pages from the initial five pages 

• Some aspects of the investigation, which were not so crucial to the current theme 

were excluded. These include barriers to productivity and their relative contributions, 

and the extent to which respondents could exercise control over their occurrences 

and magnitudes. 

• Inclusion of the “No idea” option next to the rating scales; this ensures that 

respondents can decide not to respond to any question that they have no knowledge 

above. This helps to minimize error or biased feedback. 

• Collapsing the initial six-point rating scale into five, to reflect the range of rating points, 

which respondents would likely consider, as well as to reduce the rating task in order 

to enhance favorable response rate. 
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Useful feedback on the following attributes of the questionnaire was received which assured 

of the reliability, validity and reasonableness of the questions:  

• Extent of clarity and appropriateness of the questions, with provision for comments 

on the specific questions and the perceived inadequacies  

• Approximate range of completion time, which should be indicated in the covering 

introduction statements for the final questionnaire. 

• Appropriateness of the length of the questionnaire 

• Perceived level of interest which respondents might attach to the topic under study, 

and response to the questionnaire 

• Appropriateness of the contents of the introductory statement in stimulating 

respondents’ interest to participate in the final survey. 

 

Feedback from the respondents showed positive report on the above evaluation points, with 

the exception of the introductory statement, which was modified to stimulate the 

respondents’ interest in the study. Appendix 1 presents the final questionnaires that were 

sent to the survey samples. 

 

Questionnaire administration 

The self-administrated questionnaire for the survey was hosted on Qualtrics website. The 

online questionnaire was used to obtain the responses of the prospective respondents that 

are members of the sampling frames for the study, which comprised registered members of 

the AIQS and MBA. The links to the questionnaire were provided in an email request to the 

AIQS and MBA secretariats asking them to circulate the invitation to participate in the survey 

to their members, encouraging them to respond by following the link provided. 

Reminder emails through the AIQS and MBA secretariats’ circulars were used to remind 

those members that have not responded to the surveys to do so within the cut-off period, 

while thanking those that have already done so. About two reminders through the help of 

the AIQS and MBA secretariats are planned to help improve the response rate. 
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3.6 METHOD OF DATA ANALYSIS 
 

Two methods – thematic analysis and structural equation modeling - were adopted for 

analyzing data at the two stages of data gathering discussed in section 3.4 Research 

Process.  

 

3.6.1 Thematic analysis 

Outcome of the in-depth reviews of related literature provided insights on potential 

constructs underpinning productivity outcomes for construction firms in construction 

projects. Thematic analysis, largely involving textual narrative synthesis approach (Charef 

et al., 2018; Bairagi & Munot, 2019), was used to codify, theme and sort the constructs into 

main and subthemes for use in designing the research survey instrument. This was based 

on the recommendations of previous studies (Creswell & Creswell, 2018; Raddats et al., 

2019) to use thematic analysis where the research intent is to identify and group variables 

under themes or clusters as final outcome of a research endeavor or as further input for 

further investigations. As was the case for this study, the research goal for carrying out the 

thematic analysis was to reduce the number of variables identified during the literature 

review as input for further investigations by slotting the variables into fewer common themes. 

This helped to reduce complexity in subsequent analysis. The use of thematic analysis also 

was based on the recommendations of Braun & Clarke (2006) to use thematic analysis 

where the aim of a preliminary analysis is to help the researcher to create a logical structure 

of a phenomenon under study based on recurring main- and sub- categories that underlie 

the data for measuring the phenomenon.  

An overview of some previous studies (Sodhi & Tang, 2018; Purssell & Gould, 2021; 

Thelwall, 2021) showed that the approach used for carrying out thematic analysis might vary 

depending on the goal of the research, and the nature and scale of measurement of the 

variables under study. Where the outcome of the analysis is the final result sought in the 

research, rather than being input for further analysis, advanced thematic analytical 

techniques may be used such as exploratory or confirmatory factor analysis, principal 

component analysis, cluster analysis, discriminant analysis, conjoint analysis, etc. The 
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complex nature of such analysis requires the use of advanced software such as SPSS, 

Nvivo, VOSviewer, Python, R, MATLAB or Simulink.  

On the other hand, where the outcome of the analysis is required as input for further 

investigation or analysis, a simple thematic analytical approach may be undertaken such as 

the use of descriptive analysis to aggregate the identified variables under common 

subthemes and/or major themes. Buchanan & Sheffield (2017) recommends the use of such 

simple thematic analytical approach, for instance, where the aim is to identify and group 

common constructs for the purposes of designing the research instrument for in-depth 

research investigations as was the case for this study.  Braun & Clarke (2006) identified a 

systematic approach to carrying out such a simple thematic analysis as comprising:  1) 

Identifying the variables for measuring the phenomenon under study, for instance, through 

a narrative review of literature, document analysis or interviews. 2) Collating and tabulating 

the variables and, systematically assigning preliminary code to each set of variables that fit 

into similar theme or subtheme. The code in this context is a short and simple descriptive 

that helps to itemize and subsequently sort and organize the variables into common and 

meaningful groups. 3) Sorting the coded extracts of the variables into common sub- and/or 

main- themes or categories. 4) Define, review and refine the themes based on the common 

characteristics of the variables aggregated under each theme in relation to the research 

objective. Lazarus (2022) noted that simple thematic analysis conducted using the 

descriptive analytical approach involves an iterative process as to how to go from messy 

data to a map of the most important themes in the dataset.  

Output of the thematic analysis carried out on data collected in the first stage of this study 

was used to design the questionnaire survey. Analysis of the respondents’ ratings was 

carried out to test for relevance of the first stage constructs in the context of the Australian 

construction industry. As discussed in the next section, the model fitness check (MFC) 

subroutine of the first phase of the structural equation modeling (SEM) was used for this 

purpose. The MFC analysis served essentially as a confirmatory factor analysis carried out 

to ensure that the variables under the identified main themes were appropriate indicators for 

measuring the themes, and/or that the themes as the reflective constructs significantly 

reflect the variables assigned to them. 
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3.6.2 Structural equation modeling 

The method used for the data analysis is the Structural Equation Modeling (SEM). This is 

because the research objective was focused on exploring the causal relationship between 

some independent latent constructs and the dependent construct (Lin et al., 2020; Hair et 

al., 2022). In this context, the independent constructs are the key factors that underpin 

productivity performance of construction firms, while the productivity performance is the 

dependent construct. Also, achieving the research objective requires ascertaining the 

appropriate indicators for measuring the constructs, which forms part of the SEM. Mohamad 

et al. (2019) argued that SEM is a powerful multivariate analytical technique which combines 

both factor analysis and multiple regression analysis. It is capable of analyzing the inter-

relationships among latent constructs simultaneously in a model.   

Durdyev et al. (2018a) identified two optional approaches to structural equation modeling 

based on the nature of the underlying data and their inter-relationship. The two options 

comprise the covariance-based SEM (CB-SEM) and the variance-based or partial least 

square (PLS-SEM). The CB-SEM is the preferred approach where the intention is to 

evaluate complex relationships using parametric statistical approach (Dijkstra and Henseler, 

2015). Ab Hamid et al. (2017) stated that researchers could opt for the variance-based PLS-

SEM when the empirical data failed the parametric assumptions such as multivariate 

normality distribution and minimum sample size. This study adopted the PLS-SEM because 

it is a non-parametric alternative to the parametric approach of CB-SEM; it is more reliable 

and appropriate for distribution-free data model which is mostly associated with 

questionnaire responses (Avkiran et al., 2018; Hair et al., 2019). 

 

Specifics of PLS-SEM analysis 

Two phases of analysis were completed, involving model fitness check and level of 

significance of the causal and mediating relationships in the structural model. Details of 

these analyses are discussed as follows: 

 

Phase 1 - model fitness checks:  

These involved tests of fitness carried out at two levels based on the recommendations in 

previous studies (Dijkstra & Henseler, 2015; Henseler et al., 2015). At the level of the 
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measurement models, the test was carried out to check whether the indicators in each 

measurement model are appropriately reflected by the parent construct. At the level of 

fitness check, appropriateness of the indicators used for measuring each construct is 

evaluated by comparing the outer loading coefficient analyzed for each indicator against the 

critical threshold value. Hair et al. (2014) and Ringle et al. (2020) recommended 0.7 as the 

appropriate threshold value for this purpose. In this regard, appropriate indicators that 

should be retained in the measurement model to improve fitness were those with outer 

loading coefficient values that met the threshold values.  

At the level of the overall structural model fitness check, the test carried out aimed to 

ascertain the goodness of fit of the hypothesized model (as shown in Figure 6) to the 

empirical dataset (Benitez, 2020). The Model Fit tool of the Consistent PLS Algorithm 

analysis provides five alternative baseline references for verification at each test level, 

depending on the characteristics of the empirical dataset – i.e., the measurement scale 

used, and the distribution of the empirical data (Dijkstra & Henseler, 2015; Henseler et al., 

2015). The alternative baseline references comprise the Standardized Root Mean Square 

Residual (SRMR), the squared Euclidean distance (d_ULS), the geodesic distance (d_G), 

the Chi2 based Normed Fit Index (NFI), and the root mean squared residual (RMS_theta) 

values.  

However, the SRMR baseline reference is recommended (Hair et al., 2022) for empirical 

datasets that are asymptotically distribution-free, and where the scale of measurement is 

ordinal such as the Likert rating scale used for gathering respondents’ feedback to the 

questionnaire survey carried out in this study. In this regard, Benitez et al. (2020) described 

the SRMR coefficient as a measure of the average discrepancy between the model implied 

covariance matrix and the corresponding observed covariance matrix of the dataset. The 

SRMR output may be based on the saturated model or the estimated model. Lin et al. (2020) 

identified the saturated model-based SRMR as the coefficient obtained from the assessment 

of the correlations between all constructs in the analytical model. On the other hand, the 

estimated model-based SRMR is the coefficient obtained by analyzing the total effect 

scheme, taking the entire analytical model structure into account. Benitez et al. (2020 

concurred with Lin et al. (2020) that the latter variant of the SRMR is a more restricted and 

more reliable version of the overall model fit measure.  
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Equation 2 provides the expression used by the SmartPLS software as the algorithm for 

outputting the SRMR results after running the Consistent PLS Algorithm model fitness test. 

(Benitez et al., 2020). 

𝑆𝑅𝑀𝑅 = √
{2 ∑ ∑ [(𝑆𝑖𝑗 − 𝜎𝑖�̂�)/(𝑆𝑖𝑖𝑆𝑗𝑗)]

𝑗
𝑗=1

𝑖
𝑖=1 }

𝑝(𝑝 + 1)

2

 

           (2) 

Where:  

p = Number of observed variables. The expression p(p+1)/2 could be substituted 

with the T statistic 

Sij = Observed sample covariance among variables i to j. 

σij = Reproduced covariance by the fitted model 

Sii; Sjj = Sample variances for the variables i to j, respectively. 

 

At the level of the overall structural equation model (SEM) fitness test, Pavlov et al. (2021) 

provided the expressions for the null hypothesis (H0) and the alternative hypothesis (H1) for 

the SRMR-based test as follows: 

H0:  ∑ = ∑0  

H1:  ∑ ≠ ∑0 

           (3) 

Where: ∑ denotes the covariance matrix for the dataset; ∑0 is the covariance matrix implied 

by the model. Equation 4 shows the generic sparse covariance matrix expression for each 

case which informs the SmartPLS Consistent PLS algorithm used for the analysis (Pavlov 

et al., 2021). 

∑ = [

∑1,1 ⋯ ∑1,𝑛

⋮ ⋱ ⋮
∑𝑛,1 ⋯ ∑𝑛,𝑛

] 

           (4) 
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Where: ∑i,j is the covariance matrix for the variables ranging from i to j; i.e. cov(Yi, Yj).  

The null hypothesis for the test assumes no statistically significant difference exists between 

both covariance matrices, while the alternative hypothesis assumes otherwise.  Using the 

SRMR as the test statistic, the null hypothesis is accepted where the analyzed value is below 

the critical threshold value of 0.08 or 0.05 for the saturated model and estimated model, 

respectively (Benitez et al., 2020; Pavlov et al., 2021). 

 

Phase 2 - significance of the causal and mediating relationships:  

Test of significance of the direct causal relationship - as hypothesized in earlier sections and 

shown in Figure 6 - was carried out to ascertain whether the exogenous independent 

construct (CC) made a significant contribution to the dependent construct (Pp) as assumed 

in the null hypothesis (H1). The test also aimed to ascertain whether the direct causal 

relationship (CC→Pp) was significantly mediated as assumed in the null hypotheses H2 and 

H3. Specifically, the mediation tests aimed to ascertain whether the mediating constructs 

(PM and CFM) achieved one of three possible mediation outcomes: a) Provided partial 

mediation by enhancing the significance of the direct causal relationship; b) provided full 

mediation by facilitating the significance of the direct causal relationship where none existed; 

and, c) were redundant or had no mediation effects.  

In these contexts, the p-values of the reported path coefficients of the Consistent PLS 

Bootstrapping analysis were used to accept or reject the associated null hypotheses, 

resulting in the acceptance or rejection of the corresponding alternative hypotheses that 

assumed existence of the partial or complete mediation by the mediating constructs. 

In the assessment of the p-values of the reported path coefficients of the Consistent PLS 

Bootstrapping analysis, the analytical parameters comprised the T-statistic (Tscore), the 

degrees of freedom (υ) of the model dataset, and the alpha (α) value of the one-tailed or 

two-tailed hypothesis testing (Avkiran et al., 2018).  

Ringle et al. (2020) and Khanh et al. (2021) provided generic expression (Equation 5) for 

computing the T-statistic for small sample sizes (< 30). 
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𝑇𝑠𝑐𝑜𝑟𝑒 =
�̅� − 𝜇�̅�

𝑆

√𝑛

 

           (5) 

Where:  

Tscore = T-value analyzed from the dataset.  

X̅ = Sample mean, i.e., reported path coefficients of the Consistent PLS 

Bootstrapping. 

µx̅ =  Population mean estimated as ∑X̅/(n-1) where unknown (Saunders et al., 

2017) 

S = Sample standard deviation 

n = Number of observations. 

 

For sample sizes (>30), and where the T-distribution approximates to normal distribution, 

the T-score could be approximated to Z-score through standardization, with the population 

mean µx̅ ≈ 0, and the expression S/√n - the denominator in Equation 5 – replaced with the 

standard error of the sample means (SE).  

 

𝑇𝑠𝑐𝑜𝑟𝑒 =  
�̅�

𝑆𝐸
  

                           (6) 

Where:  

Tscore = T-statistic analyzed from the large dataset.  

X̅ = Sample mean or path coefficient (usually captioned as ‘Original Sample Mean’ 

in  SmartPLS.  

SE =  Standard error estimate (usually captioned as ‘STDEV’ in SmartPLS). 

 

To enable test of statistical significance of the computed t-score, Henseler (2017) and 

Benitez et al. (2020) provided the algorithm (Equation 6) used by SmartPLS Consistent PLS 

Bootstrapping analysis in computing the one-tailed t-value where its value is positive, or on 
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the alternative, the two-tailed absolute t-value using the two parameters: Standardized 

Original Sample Mean (O), which is same as µx̅, and the standard error (SE). 

Having computed the T-score for the data set, its level of significance was checked by 

computing the p-value associated with it, based on the residual degrees of freedom (υ = n-

1), the alpha (α) value of the test and the specified one-tail or two-tailed test. Henseler et al. 

(2015) noted that the alpha value represents the threshold significance level – i.e., a 

measure of the strength of the sample evidence required to reject the null hypothesis and 

conclude on statistically significant effect; popularly chosen as 2.5% for two-tailed test or 5% 

for one-tailed test.  

 

 

Reliability and validity tests of results 

Henseler et al. (2015) and Hair et al. (2022) identified appropriate tests for reliability and 

validity of the outputs of the SmartPLS software after running the algorithmic calculations 

for the partial least square structural equation modeling (PL-SEM). These include a battery 

of tests on the following outputs: Outer loadings of the measurement models, Construct 

Reliability and Validity (CRV), Discriminant Validity (DV), Convergent Validity (CV), and 

Model Fit (MF). The purpose of each set of tests and the associated test statistics and 

threshold values for reliability and validity are explained in the following subsections. Table 

2 summarizes the key aspects of each test.  

 

Table 2: Tests for evaluating the reliability and validity of the PLS-SEM results 

Test 
group 

Reliability & 
validity tests 

Test rules/foci Threshold for 
significance 

Additional 
sources 

1. Outer Loadings 
 Measuring indicator loadings on associated constructs 
  Significance of outer loadings a) Loading 

coefficient > 0.4 or 
0.7 

Ringle et 
al. (2018) 

   b) p-value < 0.05 

2. Construct Reliability & Validity (CRV): 
 A) Cronbach’s 

Alpha (CA) 
Test of internal consistency among 
measuring indicators of a specific 
latent construct 

CA value > 0.7 Durdyev 
et al. 
(2018b) 
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 B) Average 
Variance 
Explained 
(AVE) 

Tests the average variance the 
construct extracts from its 
measuring indicators. 

AVE value > 0.5 Benitez 
et al. 
(2020) 

 C) Composite 
Reliability (CR) 

Test of the combined correlations 
between indicator variables and 
the associated construct 

CR > 0.7 Avkiran & 
Ringle 
(2018) 

3. Discriminant Validity (DV): (A; Cross loadings (> 0.7); B) > others; C) HTMT < 0.85 
 A) DV value: 

Cross loadings 
on the DV 
matrix 

This is an intra-factor correlation 
assessment that tests whether the 
dependent constructs correlate 
significantly and so make unique 
contributions to the dependent 
construct. Evaluated via three 
checks: 

 Ab Hamid 
et al. 
(2017) 

  a) Within the DV matrix output for 
the test, checks the enveloping 
diagonal correlation coefficients of 
the constructs in the rows and 
columns 

Diagonal 
correlation 
coefficients > 0.70 

Fassott et 
al. (2016) 

  b) Checks values of other 
correlation coefficients below 
those of the enveloping diagonal 
values 

Correlation 
coefficients > 0.70 

Henseler 
et al. 
(2015) 

  c) Correlation coefficient of a 
particular construct listed row-wise 
on the diagonal matrix at the 
intersection with its column-wise 
equivalent compared with the 
coefficients of other constructs 
listed row-wise 

Correlation 
coefficient of a 
particular 
construct listed 
row-wise on the 
diagonal matrix at 
the intersection 
with its column-
wise equivalent 
must be greater 
than those of other 
constructs listed 
row-wise 

Benitez 
et al. 
(2020) 

 B) Fornell-
Larcker 
Criterion (FLC) 
test 

Assesses the degree of shared 
variance between the latent 
variables of the model. FLC is 
computed as the diagonal R2 
values (i.e. square root of the 
AVE); the test compares this value 
relative to the latent construct’s 
own loading 

FLC > 0.7 Henseler 
(2017) 
 

 C) Heterotrait-
Monotrait 
Ratio (HTMT) 
test 

Examines whether the latent 
constructs are the same or 
significantly different by reason of 
significant intra-correlations 
among them 

HTMT value < 
0.85 

Ab Hamid 
et al. 
(2017) 

4. Model Fitness test 
 Tests the degree of fitness of the PLS-SEM model to the underlying data 
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 Standarised 
Root Mean 
Square 
Residual 
(SRMR) 

In the Fit Summary output table of 
the Model Fit test, compares the 
SRMR value with threshold value 
of 0.08 

SRMR < 0.08 Benitez 
et al. 
(2020) 

 

 

Statistical hypothesis testing 

The literature-based ‘hypotheses’ – or more appropriately, theories - formulated in the study 

were tested using appropriate statistical tests of hypothesis as recommended in previous 

studies (Avkiran, 2018; Benitez, 2020). The tests were aimed at ascertaining whether the 

underlying empirical data confirmed or disconfirmed the theories as formulated, and if the 

latter, whether new insights could be gained to extend existing knowledge boundaries (Zhao 

et al., 2017). In doing so, the literature-based hypotheses were recast into null and 

alternative hypotheses for statistical testing purposes.  The null hypothesis assumed no 

effect or relationship existed between variables, groups, or constructs, while the alternative 

hypothesis assumed otherwise. Henseler et al. (2015) and Saunders & Lewis (2017) 

recommended aligning the alternative hypotheses with the initial ‘hypotheses’ formulated 

based on literature insights.  

In conducting the statistical tests of hypotheses, appropriate test statistics were used based 

on recommendations in previous studies for the nature of the test, the data distribution and 

the objectives sought. Pinelis (2020) and Ringle et al. (2020) described test statistics as a 

number calculated from the sample data by a statistical test. It shows how close the empirical 

data distribution aligns with the distribution predicted or estimated under the null hypothesis 

of the governing statistical test; by so doing the test statistic helps to confirm or disconfirm 

the null hypothesis based on the calculated p-value of the test statistic or the critical 

threshold set for accepting or rejecting the null hypothesis (Saunders & Lewis, 2017; 

Avkiran, 2018; Benitez, 2020). Henseler et al. (2015), Benitez et al. (2020) and Hair et al. 

(2022) identified appropriate test statistics for confirming or disconfirming the null 

hypotheses associated with the model fitness, or the reliability and validity of the outputs of 

the SmartPLS software after running the algorithmic calculations for the partial least square 

structural equation modeling (PL-SEM); these include t-value of T test of the null hypothesis’ 

assumption of equality of group means; F-value of the analysis of variance test of the null 

hypothesis’ assumption that the variation among two or more groups is greater than or equal 

to the variation between the groups; and the Chi-squared (ꭓ2) value of the Chi-squared test 
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of the null hypothesis’ assumption of independence of two samples. Table 2 summarizes 

the test statistics, the statistical tests, and the acceptance thresholds involved in the tests of 

the null hypotheses conducted in the study.   

In the section that follows, results of the structural equation modeling carried out in the study 

are presented and discussed in relation to the objectives of the study. 
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CHAPTER 4: DATA PRESENTATION, ANALYSIS & 
DISCUSSION OF RESULTS 
 

4.1 OVERVIEW 
 

This chapter presents results and discussions in relation to the first stage narrative review 

of literature. The chapter also presents results and discussions in relation to second stage 

questionnaire surveys. The demographic data serve not only to contextualize the responses 

but also to check whether the profiles of the respondents suit the quality or reliability of 

responses expected in the survey feedback. 

Preliminary analyses were carried out on the usable data to obtain variables for testing the 

research propositions. 

 

4.2 RESULTS AND DISCUSSIONS IN RELATION TO FIRST 
STAGE NARRATIVE REVIEW OF LITERATURE 
 

4.2.1 Key determinants of construction project productivity outcomes 

The first objective of this study was to establish the key determinants of construction project 

productivity outcomes in the Australian construction industry. To achieve the objective, the 

narrative reviews of related studies were carried out to identify recurring constructs 

suggested in previous studies as potential determinants or productivity improvement 

measures with which to design the survey questionnaire. Three main themes with 48 

indicator variables were identified in the narrative reviews as generic constructs and 

measuring indicators, respectively. As shown in Figure 6, the main themes comprise the 

following key strengths or competencies of the construction firms: Capability and capacity 

levels of the firms (CC), project management competencies (PM), and the contractual and 

financial management competencies (CFM). Confirmatory factor analysis carried out 

through the phase 1 Model Fitness Check of the structural equation modelling (SEM) was 

subsequently used to evaluate the relevance of the identified constructs and their measuring 

indicators. The following subsections present the major categories or themes of the key 
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determinants and their measuring indicators as summarized from the narrative reviews of 

literature. 

 

Measures related to capacity & capability development 

Contextual definition of the theme related to capacity and capability development was 

explored in section 2.3.1. Literature insights from authors such as Parthasarathy et al. 

(2017), Omopariola et al. (2020), and Peterson (2020) informed the hypothesis that this 

construct is the primary determinant of productivity performance of construction firms. 

Examination of the patterns of meaning conveyed in the 10 recurring variables that 

underpinned this construct as sourced from the literature suggested their categorization into 

three sub-construct: Workforce empowerment, technology-driven capabilities, and equity 

and debt sourcing, with allotment of four, three and four of the 10 measuring indicators to 

each, respectively. Table 3 presents the variables for measuring each sub-construct; these 

formed the basis for the quantitative data gathering and further analysis carried out in stage 

2 of this study.  

 

Table 3: Productivity influencing factors related to construction firm's capacity and 

capability (CC) 

Code 
Sub-themes and variables influencing construction 
firm productivity 

Sources 

CC1 Workforce empowerment  
CC1.1 Recruit experienced and qualified workers to improve 

workmanship quality and minimize defective work. 
Shehata & El-Gohary 
(2011); Snyman & 
Smallwood (2017) 

CC1.2 Improve building trade skills through in-house and 
external vocational training. 

Seadon & Tookey 
(2019) 

CC1.3 Motivate workers through appropriate remuneration, 
promotion, job security and incentive payments. 

Alazzaz & Whyte 
(2015); Ghoddousi et 
al. (2015) 

CC1.4 Involve workers in key decisions and planning of their 
work so they can take ownership and be accountable 
for successful execution of assigned tasks. 

Ghoddousi et al. 
(2015); Khanh et al. 
(2016); Cwik & Rosłon 
(2017) 

CC2 Technology-driven capabilities  
CC2.1 Use digital technologies such as BIM in the design and 

construction processes to improve buildability, 
efficiencies, and data-driven decision-making. 

Chowdhury et al. 
(2019); Seadon & 
Tookey (2019) 

CC2.2 Utilize lean construction tools to reduce idle times and 
waste and improve efficiency. 

Bajjou et al. (2018); 
Ramani & KSD (2019); 
Awad et al. (2021) 
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CC2.3 Use offsite manufacturing to enhance quality and speed 
of construction. 

Durdyev & Ismail 
(2019); Kim et al. 
(2020) 

CC3 Equity and debt sourcing for operational & working 
capital 

 

CC3.1 Maintain adequate equity or internal source of funds to 
support the business during times of financial hardship. 

Parthasarathy et al. 
(2017) 

CC3.2 Have sufficient collaterals to help secure funding from 
lenders to support the business during times of financial 
hardship. 

Peterson, S.J. (2020)  

CC3.3 Maintain good credit rating and financial standing to 
keep open lines of credit and access to funding from 
lenders or credit suppliers to avoid cash flow problems 
or risk of insolvency. 

Omopariola et al. 
(2020) 

   
 

 

Measures related to construction project management 

Literature insights on the concept of construction project management were explored from 

the perspectives of previous studies in section 2.3.2. There was strong evidence (Bouzidi et 

al., 2012; Hwang et al., 2020; Zhang et al., 2021) that the construct is a key determinant of 

productivity performance of construction firms. Based on thematic analysis of literature 

insights in relation to the potential indicators of the construct, 19 variables were found to be 

recurring across multiple authors, which could be categorized into four sub-themes: 1) 

Resource management with five measuring indicators (based on sources such as Ghodrati 

et al., 2018; Gurmu, 2020 and Hwang et al., 2020). 2) Schedule, quality, and health & safety 

management with six measuring indicators based on sources such as Ghoddousi et al. 

(2015), Li et al. (2016), and Zhang et al. (2021). 3) Project risk management, with four 

measuring indicators, based on sources such as Bouzidi et al. (2012), Park & Ahn (2012), 

and Hendiani & Bagherpour (2019). 4) Project stakeholder communication management, 

with four measuring indicators, based on sources such as Hwang & Ng (2013), Tipili et al. 

(2014), Henderson et al. (2016), Senaratne & Ruwanpura (2016), and Kamalirad & 

Kermanshachi (2018). 

Table 4 summarizes the subthemes and their measuring indicators. The results served as 

inputs for the quantity data gathering and basis for exploratory factor analysis carried out in 

stage 2 of this study.  
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Table 4:Productivity influencing factors related to construction firm's project management 
abilities (PM) 

Code Factors influencing construction firm productivity Sources 

PM1 Resource management  
PM1.1 Ensure routine maintenance of key machinery to minimize 

breakdowns and disruptions in work progress thereby 
enhancing productivity. 

Hwang et al. 
(2020) 

PM1.2 Properly analyze and plan to ensure sufficient resources 
(labor, equipment, finance, etc.) are available as and when 
needed to match workloads with capacity. 

Shehata & El-
Gohary (2011) 

PM1.3 Ensure good construction materials management practices 
to minimize damages, wastage and losses and enhance 
cost-effectiveness in the construction process. 

Gurmu (2020) 

PM1.4 Allocate adequate number of experienced supervisors to 
manage the workforce in order to improve construction 
planning accuracy and deliver the construction project on 
time. 

Ghodrati et al. 
(2018) 

PM1.5 Ensure good work-life balance to improve workers' overall 
wellbeing for improved productivity. 

Yuan et al. (2018) 

PM2 Schedule, quality, and health & safety management  
PM2.1 Schedule work practically and feasibly with adequate float 

to avoid crashing critical activities and associated risks of 
accidents, defective work and schedule overruns. 

Ghodrati et al. 
(2018) 

PM2.2 Minimize excessive overtime use to avoid worker burnout, 
diminished outputs and loss of productivity. 

Ghodrati et al. 
(2018) 

PM2.3 Reduce defective works or rework in projects through 
proper supervision. 

Zhang et al. 
(2021) 

PM2.4 Use effective quality assurance plan to ensure routine 
quality inspections and reduce defective work. 

Ghoddousi et al. 
(2015) 

PM2.5 Provide safe and healthy working conditions through 
effective implementation of work health and safety plans to 
protect workers from injuries and enhance productivity. 

Li et al. (2016); 
Gurmu (2019) 

PM2.6 Effectively coordinate project team efforts to ensure a 
streamlined focus on the project goals and optimized value 
delivery. 

 Loosemore 
(2014) 

PM3 Project risk management  
PM3.1 Use effective enterprise risk management plan to identify, 

quantify, monitor and respond to critical risks thereby 
minimizing disruptions, bottlenecks and risks, and 
enhancing resiliency and project success. 

Choi et al. (2013); 
Nojedehi & 
Nasirzadeh 
(2017); Hoseini et 
al. (2019) 

PM3.2 Use effective scope and change management to minimize 
scope creep 

Hilali et al. (2019) 

PM3.3 Keep track of rapid changes in regulations to ensure up-to-
date knowledge of evolving compliance requirements in 
order to minimize non-compliance. 

Bouzidi et al. 
(2012) 

PM3.4 Implement effective environmental management plan to 
ensure sustainable construction operations and avoid risks 
of non-compliance under environmental protection laws. 

Park & Ahn 
(2012); Hendiani & 
Bagherpour 
(2019) 

PM4 Stakeholder communication management  
PM4.1 Identify critical information needs that support role 

classifications and key stakeholders’ quality decision-
Senaratne & 
Ruwanpura 
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making and fulfillment of their assigned obligations to 
contribute to project success. 

(2016); Henderson 
et al. (2016) 

PM4.2 Design and implement effective communication 
management plan using appropriate platforms such as 
web-based information and communication management 
system to ensure ease of access, secured storage, 
retrieval, and sharing of critical information or documents. 

Crawford & Bryce 
(2003); Tipili et al. 
(2014); Taleb et 
al. (2017) 

PM4.3 Communicate the critical information to stakeholders as 
and when needed, accurately, timely and 
comprehensively, using appropriate channels and media. 

Hwang & Ng 
(2013); Tipili et al. 
(2014); Kamalirad 
& Kermanshachi 
(2018) 

PM4.4 Keep track of transmittals and receivals using effective 
document management and control systems, and follow-up 
requests for information (RFI) and necessary actions using 
reminders, ensuring stakeholder fulfillment of reporting 
obligations. 

Senaratne & 
Ruwanpura 
(2016); Henderson 
et al. (2016) 

 

 

 

Measures related to contractual and financial management of projects 

The contractual and financial management theme was explored more broadly in section 

2.3.3 from varied literature perspectives. Some authors such as Vasista (2017), Stamatiou 

et al. (2019), and Das et al. (2022) saw the construct as one of the key determinants of 

productivity performance of construction firms. Based on thematic analysis of literature 

insights related to the potential indicators of the construct (Saunders et al., 2017), 19 

recurring variables underpinning this construct were categorized into five sub-themes: 1) 

Digitized and automated workflow with two measuring indicators, as inferred from sources 

such as Davidson (2013), Shibeika & Harty (2015) and Das et al. (2022). 2) Cost & financial 

management with four measuring indicators, as gleaned from sources such as Vasista 

(2017), Le & Nguyen (2020) and Omopariola et al. (2020). 3) Tender & contract 

management with five measuring indicators, as sourced from studies such as Ahmad et al. 

(2017); Bakhary et al. (2017) and Aibinu et al. (2018). 4) Contractual risk management with 

four measuring indicators, as advanced by authors such as Mbachu & Taylor (2014), 

Chakraborty et al. (2020) and Moon et al. (2022). 5) Procurement and supply chain 

management with four measuring indicators, as suggested in studies such as Al-Refaie & 

Thyabat (2015), Memari et al. (2018) and Moradi et al. (2020). Table 5 presents the variables 

for measuring each sub-construct as sourced from the literature, and which formed the basis 

for the quantitative data gathering and exploratory factor analysis carried out in stage 2 of 

this study.  
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Table 5:Productivity influencing factors related to construction firm's contractual and 
financial management abilities (CFM) 

Code Factors influencing construction firm productivity Sources 

CFM1 Digitized and automated workflow   
CFM1.1 Digitize contractual and cost management processes to 

minimize paper-based and manual approaches to ensure 
more effective document control, information sharing, and 
timely response to requests for information. 

Das et al. (2022) 

CFM1.2 Use digital technologies to automate workflow and 
enhance efficiency. 

Davidson (2013); 
Shibeika & Harty 
(2015); Nikmehr et 
al. (2021) 

CFM2 Cost & financial management  
CFM2.1 Maintain adequate cash flow for effective execution of 

projects. 
Le & Nguyen 
(2020); 
Omopariola et al. 
(2020) 

CFM2.2 Routinely track expenditures against budget to avoid cost 
overruns. 

Vasista (2017) 

CFM2.3 Utilize earned value management to track both cost and 
schedule performance in order to minimize cost and 
schedule overruns. 

Alwisy et al. 
(2020); Sutrisna et 
al. (2020) 

CFM2.4 Reduce, re-use, and recycle materials & components to 
minimize waste and landfill fees thereby saving costs and 
profit. 

Govindan et al. 
(2016) 

CFM3 Tender & contract management  
CFM3.1 Outsource execution of some tasks to improve cost 

efficiency. 
Danyliuk et al. 
(2017); 
Ramalingam 
(2020) 

CFM3.2 Use effective document control and claim management to 
minimize risks of disputed claims and associated cash flow 
problems. 

Ahmad et al. 
(2017); Bakhary et 
al. (2017); 
Stamatiou et al. 
(2019) 

CFM3.3 Advise clients to consider early contractor involvement in 
the design stage to improve buildability and resolve issues 
that could result in excessive variation claims down the 
line. 

El-Gohary & Aziz 
(2014); Pheng et 
al. (2015) 

CFM3.4 Respond proactively to critical requests for Information to 
avoid delays in work progress. 

Aibinu et al. 
(2018) 

CFM3.5 Use relational contracting to facilitate good stakeholder 
relationships and trust, enhance negotiations, minimize 
costly and time-consuming disputes/litigations, thereby 
enhancing progress and productivity. 

Jelodar et al. 
(2016) 

CFM4 Contractual risk management  
CFM4.1 Scrutinize unfair clauses in special conditions of contracts, 

identify inherent contractual risks, and price tenders, 
accordingly. 

Mbachu & Taylor 
(2014); Moon et 
al. (2022) 

CFM4.2 Monitor major shifts in the market and geo-politics, 
especially in relation to demand and supply impact on 
major materials and components and update price rates, 
accordingly 

Kan (2017) 
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CFM4.3 Use advanced cost study and cost modeling techniques to 
forecast potential increases in major project input 
resources and prepare appropriate contingency plans. 

Chakraborty et al. 
(2020); Fan 
&Sharma (2021); 
El-Kholy et al. 
(2022) 

CFM4.4 Track imminent changes in the fiscal and monetary policies 
such as infrastructure spending pipelines, official cash 
rates, interest rates, and foreign exchange rates, and 
proactively prepare for potential headwinds in the 
economic and financial landscape 

Rahal (2016); 
Huber & Punzi 
(2020)  

CFM5 Procurement and supply chain management  
CFM5.1 Maintain diverse supply networks and improve efficiency of 

logistic & supply pipeline to facilitate efficient supply of 
materials, equipment and workforce thereby reducing out-
of-stock risks and improving work progress and 
productivity. 

Kim et al. (2011); 
Young et al. 
(2011); Fang & Ng 
(2019) 

CFM 5.2 Use just-in-time resource procurement to procure only 
what is needed, when needed, and in quantity required at 
a particular time, thereby eliminating warehousing risks 
and storage costs. 

Shehata & El-
Gohary (2011); Al-
Refaie & Thyabat 
(2015); Memari et 
al. (2018) 

CFM5.3 Use collaborative delivery methods to improve effective 
cooperation and interaction among project supply chain 
partners, thereby enhancing uninterrupted flow of project 
resources and value delivery. 

Kwofie et al. 
(2019); Moradi et 
al. (2020) 

CFM5.4 Explore alternative suppliers and source expensive 
materials and components from lowest-cost but reliable 
sources to reduce expenditure and improve profit. 

Jeong et al. 
(2017); Zhao et al. 
(2021) 

 

 

 

4.2.2 Summary of key constructs influencing productivity performance of 

construction firms  

Figure 9 summarizes the main- and sub-themes of key constructs influencing productivity 

performance of construction firms as sourced from literature. The constructs informed the 

development of the analytical framework for the study shown in Figure 6.   
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Figure 9: Summary of key constructs influencing productivity performance of construction 
firms 
 

 

4.3 RESULTS AND DISCUSSIONS IN RELATION TO STAGE 2 
SURVEYS 
 

4.3.1 Survey responses 

The sampling frame of this study was constituted by the relevant industry practitioners that 

were registered with the AIQS and MBA. The total estimated representative sample size 

comprised 389 participants within these two organizations as estimated using Equation 1. 

By the end of the cut-off point for the survey, 323 responses were received from the online 

distributed questionnaire survey hosted on Qualtrics survey portal as promoted via the 

internal circulars of the AIQS and MBA secretariats. However, only 285 responses were 
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found useable due to invalid responses from respondents that did not meet the required 

quality criteria such as not having the required length of experience, e.g. from interns or 

student members; or from those whose responses were not authoritative enough in relation 

to the subject matter, e.g. suppliers; or respondents who provided biased responses that 

were not thought-through, e.g. providing the same rating point across several items (Kam & 

Meyer, 2015). The analyses were therefore based on the 285 responses which constituted 

88.24% usable response rate.  With the 285 responses being less than the 389 required for 

representative sample size, it was concluded that the findings and the conclusions drawn 

from the study should be treated with caution as they may not be generalized across the 

two participant groups targeted for the study (Creswell & Creswell, 2018). However, the use 

of the census survey gave every member of both organizations equal opportunity to 

respond, thereby eliminating or minimizing sampling bias (Hennink et al., 2020). 

Nevertheless, the unrepresentative sample size was flagged as one of the limitations of the 

study. 

 

4.3.2 Respondents’ demographic profiles 

 

Sizes and proportions of respondents’ firms 

Analysis of the respondents’ feedback about the size of their firms in Table 6 showed that 

the majority (i.e. 38.9%) were from medium-sized firms, with the least responses (i.e. 27.8%) 

coming from respondents that worked in small-sized firms. The low responses from small-

sized firms were consistent with the findings in previous studies (Zhao, 2017; Haji Karimian 

et al., 2019), which noted that on account of their small-sized workforce, small sized firms 

are usually pre-occupied with their work that they hardly have spare time to respond to 

surveys. The study findings and the conclusions drawn are therefore biased in favor of the 

views of respondents from medium-sized firms. However, this outcome means that the 

findings and conclusions could be reflective of the views of the industry groups since the 

medium-sized firms, as the adjective implies, occupy middle ground across the firm-size 

spectrum. Test of statistical significance was carried as one of the hypotheses testing to 

examine the impact of the firm size on the study outcome. 
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Table 6:Sizes and proportions of respondents' firms 

Firm size No % 

Medium-sized firm (20-199 employees) 111 38.9% 

Large-sized firm (200 or more employees) 95 33.3% 

Small-sized firm (0-19 employees)                                                                 79 27.8% 

                                                                                              ∑ 285 100% 

 

 

Respondents’ roles in their companies 

Respondents’ feedback about their roles in their companies was analyzed in Table 7. 

Results showed that the majority (i.e., 50%) performed construction cost management roles 

as quantity surveyors, estimators, contract administrators or related roles. Least responses 

(i.e., 2.6%) were from subcontractors or specialist tradespeople. As previously noted, the 

poor responses from respondents working in these small firms might be due to their small-

sized workforce and preoccupation with their work which constrained their availability to 

respond to surveys. Therefore, the study findings and the conclusions drawn might be 

biased towards the views of respondents that were involved in construction cost 

management roles. This result is encouraging, given that construction cost managers are at 

the forefront of decision-making or providing authoritative advice on key issues focused on 

in this study which relate to cost performance, productivity, or profit outcomes on 

construction projects (De & Nagaraj, 2014; Snyman & Smallwood, 2017; Best & Meikle, 

2019; Peterson, 2020). 

 

Table 7:Nature and proportions of the respondents' roles in their firms 

Respondents' roles in their companies No % 

Quantity surveyor/estimator/contract administrator/related role 143 50.0% 

Main contractor 38 13.2% 

Construction project manager/site manager 38 13.2% 

Other (e.g. client-side project manager, consultant, academic) 38 13.2% 

Designer (architectural/engineering/services) 23 7.9% 

Subcontractor/specialist tradesperson 8 2.6% 

                                                                                                ∑                                                                                                                         285 100% 
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Respondents' levels of experience in their roles 

Table 8 presents the results of descriptive analysis on the nature and proportions of the 

respondents’ levels of experience in their roles. The analysis revealed that the largest 

proportion (i.e. 40.5%) of the respondents had over 15 years of work experience in their 

declared roles. Altogether, those having more than 5 years of experience constituted over 

75% of the respondents. This result showed that the findings of the study were underpinned 

by vast majority of construction industry practitioners who have rich work experience and 

therefore are qualified to reflect authoritatively on the key determinants of construction firms’ 

productivity and improvement measures. This finding is consistent with those of previous 

studies (Khanh et al., 2021; Maqsoom et al., 2022) which inferred quality of responses from 

the level of experience of the respondents.  

 

Table 8:Nature and proportions of the respondents' levels of experience in their roles 

Respondents' levels of experience in their roles No % 

15 years or more  116 40.5% 

5 to 9 years 85 29.7% 

Less than 5 years 69 24.3% 

10 to 14 years 15 5.4% 

                                                                                               ∑                                                                                                                                 285 100% 

 

4.3.3 Productivity-underpinning causal and mediated relationships 

The second objective of this study was to analyze potential mediated and moderated causal 

relationships between the key construction project productivity determinants and how they 

interact to influence productivity outcomes. To achieve the objective, partial least square 

structural equation modeling (PLS-SEM) was used as an appropriate analytical method as 

highlighted in section 3.6.2. Three levels of analysis were carried out as recommended by 

Avkiran et al. (2018) and Hair et al. (2019). These comprised measurement model fitness 

checks, tests of significance of the direct causal relationship, and the associated mediation 

and moderation effects on the relationship.  
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Simplifying the initial analytical model 

Prior to conducting the structural equation modelling, the initial analytical model shown in 

Figure 9 was simplified by getting rid of the subthemes and some measuring indicators that 

failed the first stage internal consistency and reliability tests. The simplification was based 

on the recommendations in previous studies (Henseler et al., 215; Benitez et al., 2020) to 

reduce the complexity of the model to enhance its fitness to the empirical data through 

screening out internally inconsistent indicators, as well as flattening the overall multi-level 

hierarchical structure of the model. Authors such as Fassott et al. (2016) and Ab Hamid et 

al. (2017) suggested that the simplest way to detect and remove unreliable measuring 

indicators in a set is to run the internal consistency test. Henseler et al. (2015) recommended 

using Cronbach’s Alpha as the test statistic to assesses the correlation between multiple 

indicators that are intended to measure the same construct. Indicators that failed to achieve 

Cronbach’s Alpha value of 0.7 or higher are regarded as being internally inconsistent and 

unreliable for measuring the construct. Consequently, Cronbach’s Alpha test was carried 

out using the SmartPLS Consistent PLS Algorithm analysis on the dataset. The test results 

showed that 18 indicators were inconsistent, resulting in the reduction of the initial 48 

measuring indicators to 29. These comprised a reduction of the 19 indicators for the Project 

Management (PM) construct as shown in Figure 9 to 11, and the 20 indicators for the 

Contractual & Financial Management (CFM) construct to 8. The 10 indicators for the 

Capability & Capacity (CC) and the five for Productivity performance (Pp) constructs met the 

0.7 value of the Cronbach’s Alpha threshold, though some indicators barely met this 

threshold. Indicators for the PM and CFM constructs that passed the initial screening were 

renumbered for ease or reference as shown in Tables 9 and Table 10, respectively. Further 

screening was reserved for the main structural equation modeling stage as detailed in the 

subsequent sections.   

 

Formative versus reflective measurement models 

Having screened out inconsistent measuring indicators, further test was carried out to 

determine whether to use formative or reflective measurement models for all or some of the 

constructs in the structural equation model. Hair et al. (2019) recommended the use of 

formative measurement model where the indicators define the construct they are measuring; 

on the other hand, reflective model should be used where the indicators are affected or 
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reflected by the parent construct. Analytically, authors such as Fassott et al. (2016) and Ab 

Hamid et al. (2017) recommended the use of the Outer Variance Inflation Factor (oVIF) as 

the most appropriate test statistic in the output of the SmartPLS Consistent Algorithm’s 

Collinearity analysis for basing the decision to use formative or reflective measurement 

models. In this regards, VIF value <5 suggests the appropriate use of reflective 

measurement model, because insignificant level of multicollinearity exists among the 

measuring indicators, while values exceeding 5 suggests the use of formative measurement 

model. Though VIF value <3 is regarded as more appropriate threshold (Kock, 2015). 

Benitez et al. (2020) and Henseler et al. (2015) suggested that the multicollinearity issues 

associated with high VIF values may also be due to the inflation of the standard errors 

introduced by the interaction effects among the measuring indicators which are often typical 

for covariance-based (CB) structural equation modeling. The VIF-based collinearity test has 

also been deemed successful for identifying common method bias in the choice of 

appropriate method of test (Kock, 2015). 

Results of the SmartPLS collinearity analysis showed that all the measuring indicators had 

VIF values <5, which suggested the use of reflective measurement models for all the 

constructs. To avoid duplications, the collinearity analysis results are presented in the tables 

for the Model Fitness tests provided in the subsequent sections.  

Figure 11 presents the final Smart PLS analyzed model output showing the indicators’ outer-

loading coefficients on their respective constructs, as well as the t-values of the direct causal 

and mediating paths.  

 

4.3.3.1 Results of the model fitness checks 

As highlighted in the Methodology section, two sets of model fitness checks were carried 

out in line with recommendations in previous studies (Peterson, 2020; Hair et al., 2022); 

these comprised fitness checks aimed at assessing the suitability of the indicators for 

measuring constructs; and the fitness check aimed at assessing the structural equation 

model fitness to the underlying dataset. Results of the two test categories are discussed as 

follows.  
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A) Measurement model fitness checks 

Results of the fitness checks for the measurement models of the constructs used for 

predicting productivity performance outcomes are presented and discussed in the following 

subsections.  

 

A.1) Fitness check for Capacity & Capability (CC) measurement model  

Result of the fitness of the measurement model for Capacity & Capability (CC) construct is 

presented in Table 9. The table shows that out of the identified 10 indicators for measuring 

the construct, only six were found to satisfy the combined assessment criteria comprising 

the convergent validity, internal consistency reliability, and discriminant validity, though two 

indicators were on borderline. 

 

Table 9:Result summary for Capacity & Capability (CC) measurement model assessment 

Code Indicator 

Convergent Validity 

Internal Consistency 

Reliability 

Discriminant 

Validity Outer 

Variance 

Inflation 

Factor 

(oVIF) 

Outer 

Loadings  

Average 

Variance 

Explained 

(AVE)  

Cronbach'

s Alpha  

Composite 

Reliability 

(CR)  

Heterotrait-

Monotrait 

Ratio 

(HTMT) 

Pass: > 

0.7 

Pass: 

>0.5 

Pass: 0.7 - 

0.9 

Pass: 0.6 

- 0.9 Pass: <0.85 
Reflective:

<5 

        

CC1 Recruit experienced and 

qualified workers to improve 

workmanship quality and 

minimize defective work. 

0.775 0.57 0.83  0.77  0.89  2.73 

CC2 Improve building trade skills 

through in-house and external 

vocational training. 

0.536 0.49 0.70 0.59 0.83 1.78 

CC3 Motivate workers through 

appropriate remuneration, 

promotion, job security and 

incentive payments. 

0.621 0.51 0.73 0.54 0.87 2.09 

CC4 Involve workers in key decisions 

and planning of their work so 

they can take ownership and be 

accountable for successful 

execution of assigned tasks. 

0.578 0.48 0.69 0.61 0.88 0.93 

CC5 Use digital technologies such as 

BIM in the design and 

construction processes to 

improve buildability, efficiencies, 

and data-driven decision-making. 

0.78 0.63 0.88 0.78 0.92 2.88 

CC6 Utilize lean construction tools to 

reduce idle times and waste and 

improve efficiency. 

0.699 0.56 0.74 0.71 0.87 2.91 
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CC7 Use offsite manufacturing to 

enhance quality and speed of 

construction. 

0.753 0.55 0.83 0.83 0.92 1.33 

CC8 Maintain adequate equity or 

internal source of funds to 

support the business during 

times of financial hardship. 

0.698 0.67 0.72 0.80 0.86 2.84 

CC9 Have sufficient collaterals to help 

secure funding from lenders to 

support the business during 

times of financial hardship. 

0.573 0.43 0.68 0.61 0.84 3.02 

CC10 Maintain good credit rating and 

financial standing to keep open 

lines of credit and access to 

funding from lenders or credit 

suppliers to avoid cash flow 

problems or risk of insolvency. 

0.708  0.59  0.81  0.74  0.87 0.98 

 

Discussions 

As shown in Table 9, “motivating workers through appropriate remuneration, promotion, job 

security and incentive payments” (CC3) was found unsuitable as part of reliable indicators 

for measuring the Capability & Capacity (CC) construct. This result contrasted with findings 

in earlier studies (Alazzaz & Whyte, 2015; Ghoddousi et al., 2015) that this indicator was a 

strong measure of capability and capacity of a construction business through empowering 

the workforce. This current result suggests that while workforce motivation might be effective 

in other business sectors as a key contributor to a firm’s capability and capacity resource, 

and by implication, a contributor to productivity, it is perceived differently in the construction 

sector. This may be due to the project-based approach adopted in construction business, 

whereby workers are recruited only as and when needed using temporary labor recruiting 

agencies (Millward, 2017). So, retention and motivation of most workers – except the few 

salaried staff – may not be viewed as something worth committing to for long term strategic 

gains. This also agrees with the commodification of wage-earning construction workers 

(Mezzadri, 2016). 

However, the constructs that passed the measuring indicator reliability and validity checks 

were supported in previous studies. For instance, Chouldry et al. (2019) and Tookey et al. 

(2019) found that using digital technologies such as building information modeling could 

improve buildability, efficiency and data-driven decision-making in the design and 

construction processes. 
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A.2) Fitness check for the Project Management (PM) measurement model  

For the Project Management (PM) measurement model, Table 10 presents the result of the 

fitness tests of its measurement model. The table shows that out of the 11 indicators for 

measuring the construct, only six satisfied the combined assessment criteria of convergent 

validity, internal consistency reliability, and discriminant validity, though two indicators were 

close to the threshold.  

 

Table 10: Result summary for Project Management (PM) measurement model assessment 

Code Indicator 

Convergent Validity 

Internal Consistency 

Reliability 

Discriminant 

Validity Outer 

Variance 

Inflation 

Factor 

(oVIF) 

Outer 

Loadings  

Average 

Variance 

Explained 

(AVE)  

Cronbach's 

Alpha  

Composite 

Reliability 

(CR)  

Heterotrait-

Monotrait 

Ratio 

(HTMT) 

Pass: 

>0.7 Pass: >0.5 

Pass: 0.7 - 

0.9 

Pass: 0.6 - 

0.9 Pass: <0.85 
Reflective:

<5 

        

PM1 Ensure routine maintenance 

of key machinery to minimize 

breakdowns and disruptions 

in work progress thereby 

enhancing productivity. 

0.430 0.27 0.53 0.51 0.88 3.32 

PM2 Ensure good work-life 

balance to improve workers' 

overall well-being for 

improved productivity. 

0.676 0.33 0.56 0.49 0.85 4.05 

PM3 Schedule work practically 

and feasibly with adequate 

float to avoid crashing critical 

activities and associated 

risks of accidents, defective 

work and schedule overruns. 

0.698 0.58 0.80 0.60 0.53 0.96 

PM4 Use effective quality 

assurance plan to ensure 

routine quality inspections 

and reduce defective work. 

0.738 0.55 0.74 0.78 0.47 2.75 

PM5 Provide safe and healthy 

working conditions through 

effective implementation of 

work health and safety plans 

to protect workers from 

injuries and enhance 

productivity. 

0.726 0.61 0.79 0.84 0.50 2.01 

PM6 Effectively coordinate project 

team efforts to ensure a 

streamlined focus on the 

project goals and optimized 

value delivery. 

0.803 0.76 0.82 0.68 0.49 1.75 

PM7 Use effective enterprise risk 

management plan to identify, 

quantify, monitor and 

respond to critical risks 

0.767 0.66 0.77 0.75 0.38 1.97 
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thereby minimizing 

disruptions, bottlenecks and 

risks, and enhancing 

resiliency and project 

success. 

PM8 Implement effective 

environmental management 

plan to ensure sustainable 

construction operations and 

avoid risks of non-

compliance under 

environmental protection 

laws. 

0.591 0.40 0.42 0.47 0.87 3.34 

PM9 Design and implement 

effective communication 

management plan using 

appropriate platforms such 

as web-based information 

and communication 

management system to 

ensure ease of access, 

secured storage, retrieval, 

and sharing of critical 

information or documents. 

0.722 0.59 0.74 0.80 0.54 0.72 

PM10 Communicate critical 

information to stakeholders 

as and when needed, 

accurately, timely and 

comprehensively, using 

appropriate channels and 

media. 

0.765 0.62 0.84 0.76 0.43 1.63 

PM11 Keep track of transmittals 

and receivals using effective 

document management and 

control systems, and follow-

up requests for information 

(RFI) and necessary actions 

using reminders, ensuring 

stakeholder fulfillment of 

reporting obligations. 

 0.697  0.43  0.54  0.57  0.86 2.97 

 

Discussions 

As presented in Table 10, “Ensure routine maintenance of key machinery to minimize 

breakdowns and disruptions in work progress” is one of the indicators that failed to satisfy 

the assessment criteria as reliable indictors for measuring the Project Management (PM) 

construct. This result is inconsistent with findings in earlier studies such as Hwang et al., 

2020 and Gumu (2020) which found this indicator as a key part of the project management 

competency that underpins schedule performance and overall productivity outcome on a 

project. Perhaps, this may be due to the fact that the key machinery used in construction 

projects are heavy budget items that are mostly procured via operating lease (Wang et al., 

2017). Suchkov and Nechaev (2021) alluded this practice to the need to improve cash flow 
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whereby the cost of procuring and operating the leased machinery are tax reimbursable as 

operational expenses. However, the constructs that passed the measuring indicator 

reliability and validity checks were supported in previous studies, notably, the use of web-

based information and communication management system to ensure ease of access and 

sharing of critical documents and information for prompt decision-making (Tipili et al., 2014; 

Taleb et al., 2017); use of effective enterprise risk management plan to proactively respond 

to critical risks thereby minimizing disruptions and enhancing resiliency and project success 

(Choi et al., 2013; Nasirzadeh, 2017); use of effective quality assurance plan to ensure 

routine quality inspections and reduce defective work (Ghoddousi et al., 2015); and effective 

coordination of project team efforts to ensure a streamlined focus on project goals and 

optimized value delivery (Loosemore, 2014). 

 

A.3) Fitness check for the Contractual Financial Management (CFM) measurement model 

Results of the PLS-SEM Consistent Algorithm tests of fitness of the measurement model for 

Contractual Financial Management (CFM) construct are presented in Table 11. The results 

show that out of the identified eight measuring indicators for the CFM construct, four did not 

satisfy the combined assessment criteria of convergent validity, internal consistency 

reliability, and discriminant validity.  

 

Table 11: Result summary for Contractual Financial Management (CFM) measurement 

model assessment 

Code Indicator 

Convergent Validity 

Internal Consistency 

Reliability 

Discriminant 

Validity 

Outer 

Variance 

Inflation 

Factor 

(oVIF) Outer 

Loadings  

Average 

Variance 

Explained 

(AVE)  

Cronbach's 

Alpha  

Composite 

Reliability 

(CR)  

Heterotrait-

Monotrait 

Ratio 

(HTMT) 

Pass: 

>0.7 

Pass: 

>0.5 

Pass: 0.7 - 

0.9 

Pass: 0.6 - 

0.9 Pass: <0.85 Reflective:<5 

        

CFM1 Use digital 

technologies to 

automate operations & 

workflow and enhance 

efficiency. 

0.724 0.70 0.86 0.73 0.71 2.78 

CFM2 Maintain adequate 

cash flow for effective 

execution of projects. 

0.812 0.53 0.80 0.69 0.55 3.01 

CFM3 Routinely track 

expenditures against 

0.755 0.56 0.74 0.82 0.63 2.77 
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budget to avoid cost 

overruns. 

CFM4 Utilize earned value 

management to track 

both cost and schedule 

performance in order to 

minimize cost and 

schedule overruns. 

0.693 0.33 0.55 0.33 0.87 3.56 

CFM5 Reduce, re-use, and 

recycle materials & 

components to 

minimize waste and 

landfill fees thereby 

saving costs and profit. 

0.561 0.28 0.47 0.47 0.85 3.68 

CFM6 Use effective document 

control and claim 

management to 

minimize risks of 

disputed claims and 

associated cash flow 

problems. 

0.714 0.63 0.57 0.80 0.60 0.98 

CFM7 Advise clients to 

consider early 

contractor involvement 

in the design stage to 

improve buildability and 

resolve issues that 

could result in 

excessive variation 

claims down the line. 

0.698 0.75 0.86 0.78 0.55 2.44 

CFM8 Use collaborative 

delivery methods to 

improve effective 

cooperation and 

interaction among 

project supply chain 

partners, thereby 

enhancing 

uninterrupted flow of 

project resources and 

value delivery. 

0.667 0.39 0.75 0.57 0.85 2.69 

 

Discussions 

Some of the results of the model fitness tests for the Contractual and Financial Management 

(CFM) construct in Table 11 were consistent with similar findings in contemporary studies, 

while some results were not. For instance, on the consistency side, the finding that the use 

of digital technologies to automate workflow enhances efficiency in the contractual and 

financial management practice supported similar findings by Davidson (2013), Shibeika & 

Harty (2015), and Nikmehr et al. (2021) that digitizing construction practice and workflow is 

a fundamental fulcrum that could lift the sector from the pit it has fallen into for decades and 

strategically reposition it well for Industry 4.0 futures.   
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On the other hand, some findings were not consistent with those of some studies. From 

sustainability point of view, it is surprising to note that that “reduce, re-use, and recycle 

materials & components to minimize waste and landfill fees thereby saving costs and profit” 

(CFM5) – is unsuitable for measuring the CFM construct in relation to supporting productivity 

improvement in construction project delivery. The works of some authors such as Govindan 

et al. (2016) and Vasista (2017) suggested otherwise, to the effect that construction waste 

constitutes a huge drain on construction budget and expected profit margin. Waste 

minimization is also extolled by others such as Awad et al. (2021) in relation to their lean 

construction advocacy. Perhaps, the call for the construction operators to embrace 

sustainable principles in response to the Net Zero agenda (United Nations, 2022) such as 

the ‘Reduce, Re-use and Recycle’ (3R) is not being paid attention to. This could be because, 

except where green building certification is sought for, construction clients are not keen on 

encouraging the re-use of waste materials in their projects (Green Building Council Australia, 

2006).  

 

A.4) Fitness check for the Productivity performance (Pp) measurement model 

Results of the PLS-SEM Consistent Algorithm tests of fitness of the measurement model for 

Productivity performance (Pp) construct are presented in Table 12. The results show that 

out of the five measuring indicators for the construct, only three – Pp1, Pp2 and Pp3 – 

satisfied the combined assessment criteria of convergent validity, internal consistency 

reliability, and discriminant validity. 

 

Table 12: Result summary for Productivity performance (Pp) measurement model 

assessment 

Code Indicator 

Convergent Validity 
Internal Consistency 

Reliability 
Discriminant 
Validity 

Outer 
Variance 
Inflation 
Factor 
(oVIF) 

Outer 
Loadings  

Average 
Variance 
Explained 
(AVE)  

Cronbach's 
Alpha  

Composite 
Reliability 
(CR)  

Heterotrait-
Monotrait 
Ratio (HTMT) 

Pass: 
>0.7 

Pass: 
>0.5 

Pass: 0.7 - 
0.9 

Pass: 0.6 - 
0.9 Pass: <0.85 

Reflectiv
e:<5 
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Pp1 Schedule performance, i.e., 
on-time completion of 
projects. 

0.767 0.63 0.74 0.82 0.65 0.99 

Pp2 Cost performance, i.e., 
completing projects within 
budget. 

0.822 0.58 0.77 0.74 0.57 2.13 

Pp3 Quality performance, i.e., 
completing projects with zero 
or minimal defects. 

0.717 0.67 0.80 0.78 0.82 1.46 

Pp4 Client satisfaction, i.e., 
delighting the client for a 
repeat business or positive 
reference. 

0.698 0.52 0.58 0.60 0.87 1.40 

Pp5 Statutory performance, i.e., 
complying with required 
health, safety & 
environmental standards. 

 0.665  0.50  0.61  0.58  0.81  0.17 

 

Discussions 

Results of the fitness test of the measurement model for Productivity performance (Pp) in 

Table 12 are consistent with general understanding of the key underpinnings of productivity 

performance in construction project delivery, namely, completing the project within the 

agreed schedule (Ghodrati et al., 2018), (Vasista, 2017; Le & Nguyen, 2020), and to quality 

target (Ghoddousi et al., 2015). However, it is surprising to note that in spite of the premium 

placed on customer or client satisfaction (Pp4) in the consumer and services sector, it is not 

considered a priority in the construction sector. Perhaps, the reason could be a widely held 

notion (Mbachu et al., 2017; Haji Karimian et al., 2019) within the sector that productivity 

performance is all about schedule, cost and quality performance, with other aspects such 

as client empathy and satisfaction being something that is only what attending to if the 

resources and time permit. Viewed from a different lens, it could be because client 

satisfaction and statutory performance are perceived as being key components of quality 

performance. For instance, by the performance-based definition, building work could be 

deemed ‘defective’ if perceived as being ‘unsatisfactory’ to the building owner – however 

defined – and therefore a contractual basis for rejecting the work, ordering demolition and 

reinstatement, or refusing payment under Schedule 2 of the Australian Queensland Building 

and Construction Commission (QBCCA) legislation (QBCCA, 2022). 

 

Rationale for selective discussions of the priority included and excluded indicators 

In the preceding sections, discussions were focused only on the priority indicators that met 

the reliability and validity tests and those that were excluded for not meeting the tests. This 
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was to avoid exhaustive discussions that could have lengthened the thesis unnecessarily. 

Previous studies such as Vasista (2017), Haji Karimian et al. (2019) and Awad et al. (2021) 

also adopted this approach for the same reason, with a focus only on the variables that 

mattered.  

 

B) Overall model fitness test 

As indicated in the section for method of analysis, the degree of fitness of the overall PLS-

SEM model to the underlying data was examined using PLS-SEM Fit Summary output for 

the Standardized Root Mean Square Residual (SRMR) as a test statistic (Hair et al., 2014). 

The test of the overall model fitness aimed to examine whether the SRMR value analyzed 

for the Estimated Model (as well as for the Saturated Model) falls within the critical threshold 

for a conclusion of ‘good’ model fitness to be made.  Benitez et al. (2020) advised that 

acceptance of the null hypothesis formulated for the test as expressed in Equation 3 should 

be based on the analyzed SRMR being less than or equal to 0.05 for the Estimated Model 

and/or 0.08 for the Saturated Model. 

Results in Table 13 showed that model Fit Summary outputs of the SRMR values for the 

saturated model (0.062) and the estimated model (0.047) were within the threshold values 

for accepting the null hypothesis. Based on the recommendations of Hair et.al. (2014) and 

Henseler (2022), these results showed that there was no statistical evidence to reject the 

null hypothesis which assumed no statistically significant difference exists between the 

covariance matrice of the empirical dataset, and the corresponding matrice implied by the 

structural model. It could therefore be concluded that the hypothesized model fitted well the 

empirical data for the study.  

Table 13: Model Fitness test result in the PLS-SEM Fit Summary output 

Standardized Root Mean Squared Residual (SRMR) 

Remark about 
model fitness  

Analyzed values (SRMRanalyzed) Critical values (SRMRcritical)  

aSaturated model 

bEstimated 
model Saturated model Estimated model 

0.062 0.047 < 0.08 < 0.05 SRMRanalyzed < 
SRMRcritical   

a: SmartPLS saturated modeling output based on Lohmoeller’s simulation (Benitez et al. 2020) 
b: SmartPLS estimated modeling based on the algorithm expressed in Equation 2  
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Construct reliability and validity test results 

Results of the Cronbach’s Alpha-based test of the validity and reliability of the constructs 

used in the structural equation model for the study are shown in Figure 10.  

 

Figure 10: SmartPLS output of Cronbach’s Alpha-based construct validity and reliability test 
results 

 

Discussions 

With Cronbach’s Alpha value for each construct being above the 0.7 threshold for reliability 

and validity (Hair et al., 2014; Benitez et al., 2020), there is statistical evidence to conclude 

that the constructs as gleaned from the literature are appropriate for the structural equation 

model formulated for the study. However, it is concerning to note that the Cronbach’s Alpha 

value of 0.71 computed for the Capability and Capacity (CC) construct is quite close to the 

0.7 threshold. Closer inspection of the underlying measuring indicators in Table 9 revealed 

that the outer loadings of two indicators used to re-analyze the initial model were at the 0.7 

threshold value. These comprised “utilize lean construction tools to reduce idle times and 

waste and improve efficiency” (CC6), and “maintain adequate equity or internal source of 

funds to support the business during times of financial hardship” (CC8). Perhaps, removing 

these indicators and re-analyzing the model could improve the Cronbach’s Alpha value for 

the construct. However, there is no statistical justification for doing so since the threshold 
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values were met. In addition, there is no theoretical justification for excluding both measuring 

indicators since previous studies such as Bajjou et al. (2018) and Awad et al. (2021) found 

lean construction tools as important resource for efficiency enhancement; while 

Parthasarathy et al. (2017) and Peterson (2020) and confirmed that maintaining adequate 

amount of internal funding is critical to sustaining the business during times of financial 

distress and to furthering the strategic agenda.   

Furthermore, results of the fitness of the overall structural equation model for the study from 

both the saturated and estimated model perspectives as shown in Table 13 provided two-

pronged evidence of the fitness of the model to the underlying data, and by implication, the 

reliability of the study findings in relation to the key objectives of the study. However, the 

SRMR value of 0.047 for the more stringent estimated model (Benitez et al., 2020) being 

close to the 0.05 threshold means that the ‘goodness’ of fit was close to the lowest point in 

the continuum. Consequently, it is recommended that further research be carried out to 

explore better-fitting hierarchical structural models that could yield more reliable outcomes.  

 

4.3.3.2 Significance of the causal and mediating relationships 

Test of significance of the direct causal relationship - as hypothesized in earlier sections and 

shown in Figure 6 - was carried out to ascertain whether the exogenous independent 

construct – Capability & Capacity (CC) - made a significant contribution to the dependent 

construct - Productivity performance (Pp) - as assumed in the research hypothesis (H1). 

The test also aimed to ascertain whether the direct causal relationship (CC→Pp) was 

significantly mediated as assumed in the research hypotheses H2 and H3. Specifically, the 

mediation tests aimed to ascertain whether the mediating constructs (PM and CFM) 

achieved one of three possible mediation outcomes: a) Provided partial mediation by 

enhancing the significance of the direct causal relationship; b) provided full mediation by 

facilitating the significance of the direct causal relationship where none existed; or, c) were 

redundant and therefore had no mediation effects.  

In these contexts, p-values of the reported path coefficients of the SmartPLS Bootstrapping 

analysis were used to accept or reject the associated statistical null hypotheses, which were 

formulated to assume no causal-and-effect relationship or mediation effects (Hair et al., 

2014; Benitez et al., 2020). Figure 11 presents the SmartPLS Bootstrapping analysis output 
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of the final structural equation model. Table 14 summarizes the SmartPLS Bootstrapping 

outputs of the tests of significance of the null hypotheses. 

 

 

Figure 11: SmatPLS Bootstrapping analysis output of the final model 

 

 

Table 14: SmartPLS Bootstrapping outputs of the tests of significance of the null 
hypotheses 

  

aResearch 
hypotheses 

X̅ 
(Path 
coeff 

or 
sample 
mean) 

SE 
(Standard 

error) bTscore 

cP-
value 

Decision on 
research 

hypothesis 

Direct causal relationship:        
CC Capability & capacity -> Pp Productivity 
perform H1 0.016 0.169 0.095 0.4623 

Not 
supported 

Direct (mediation) effects:         
CC Capability & capacity -> PM Proj Mgt  H2a 2.750 1.668 1.649 0.0501 Marginally 

supported 

CC Capability & capacity -> CFM Contract  H3a 0.722 0.437 1.651 0.0499 Supported 

CFM Contract & financial mgt -> PM Proj 
Mgt 

H3 0.873 0.472 1.848 0.0328 Supported 
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CFM Contract & financial mgt -> Pp 
Productivity perform 

H3b 0.781 1.071 0.729 0.23330 Not 
supported 

PM Proj mgt -> Pp Productivity perform H2b 0.153 0.161 0.953 0.1707 Not 
supported 

Specific Indirect (mediation) effects:        
CC Capability & capacity -> PM Proj Mgt -> 
Pp Productivity perform 

H2a→H2b 0.421 0.268 1.571 0.0586 Not 
supported 

CC Capability & capacity -> CFM Contract & 
financial mgt -> Pp Productivity perform 

H3a→H3b 1.244 1.030 1.208 0.1140 Not 
supported 

CC Capability & capacity -> CFM Contract & 
financial mgt -> PM Proj Mgt -> Pp 
Productivity perform 

H3a→H3→H2b 0.096 0.033 2.918 0.0019 Supported 

CC Capability & capacity -> CFM Contract & 
financial mgt -> PM Proj Mgt 

H3a→H3 1.086 0.355 3.062 0.0012 Supported 

Moderation effect on direct causal 
relationship:        
Firm size » CC Capability & Capacity -> Pp 
Productivity perform 

H4 0.250 1.012 0.247 0.4025 Not 
supported 

aResearch hypotheses (see Figure 6) 
bTscore (see Equation 6) 
cP-value: 1-tailed test; α = 0.05; degrees of freedom (df) = 284 (n=285) 
 

 

The SmartPLS Bootstrapping outputs of the tests of significance of the null hypotheses in 

Table 14 shows that, with a p-value of 0.462 > 0.05, the null hypothesis for testing the first 

research hypothesis (H1) was accepted; the alternative hypothesis formulated to align with 

HI was therefore not supported. The result implies that there is no statistical evidence to 

support the assumption of significant direct cause-and-effect relationship existing between 

the independent construct of Capability & Capacity (CC), and the dependent construct – 

Productivity performance (Pp).  

Table 14 also shows that, with a p-value of 0.0586 > 0.05, the null hypothesis for testing the 

second research hypothesis (H2) was accepted; the alternative hypothesis formulated to 

align with this research hypothesis was therefore not supported. The result provides no 

statistical evidence to support the assumption of significant mediation effect of the Project 

Management (PM) competency on the expected direct cause-and-effect relationship 

existing between the independent construct of Capability & Capacity (CC), and the 

dependent construct – Productivity performance (Pp). 

For the test of the mediation effect of Contractual & Financial Management (CFM) 

competency on the CC→CFM→Pp mediation link, the result in Table 14 showed that 

statistical evidence exists to accept the associated null hypothesis, given the p-value of 

0.114 which is less than 0.05 alpha level of significance for the test. The alternative 
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hypothesis and the associated research hypothesis H3 (i.e., the H3a→H3b mediation link) 

was therefore not supported.  

Interestingly, Table 14 shows that the null hypothesis for the interactive mediation link 

(CC→CFM→PM→Pp) was not accepted, based on the p-value of 0.0019 being within the 

0.05 alpha range. The alternative hypothesis is therefore accepted. This provides the 

statistical evidence for concluding that the interaction effect of the CFM and PM roles can 

significantly mediate the contribution of the Capability & Capacity resource to enhancing a 

construction firm’s successful Project performance (Pp) outcome in a construction project.  

Being the only significant of the causal and mediation links formulated for testing in Figure 

6, this is a full mediation since the direct causal link - CC→Pp, and the two direct mediation 

links CC→PM→Pp and CC→CFM→Pp were not significant.  

 

Discussions 

For the test of moderation effects, results in Table 14 showed that, with a p-value of 0.4025 

being less than 0.05 alpha level of the significance test, the null hypothesis is accepted, 

thereby supporting the assumption of no moderation effect of firm size on the anticipated 

causal relationship between CC and Pp. This result concurs with findings in some previous 

studies. For instance, Cyril & Singla (2021) also found that firm size had no effect on 

productivity performance of construction firms in India. 

The statistical significance test results in Table 14 showed that the Capability & Capacity 

(CC) strength of a construction firm is a vital resource for supporting the two roles of Project 

Management (PM) and Contractual & Financial Management (CFM) in promoting 

productivity performance (Pp) in construction project delivery, though, surprisingly, the 

support for PM is marginal, with a p-value of 0.0501 for the link CC→PM being slightly above 

the threshold of 0.05 alpha level. Nevertheless, this result concurs with findings in previous 

studies. For instance, Parthasarathy et al. (2017), Peterson (2020), and Zhao et al. (2021) 

suggested that capability and capacity resources of an organization supports its efficient 

operation and enable it to achieve its strategic objectives. Also, McKinsey (2022) found that, 

in a volatile operating environment, well-developed capacity & capability are crucial 

underpinnings of strategic resilience, which is increasingly becoming a critical prerequisite 

for corporate performance. 
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Furthermore, authors such as Haji-Karimian et al. (2019) and Zhao et al. (2022) argued that 

project management and cost management roles are at the forefront of ensuring successful 

productivity outcomes in construction projects, though with the former delegating cost 

management duties to the latter (PMI, 2017). 

However, the results that the separate roles of the Project Management (PM) and 

Contractual & Financial Management (CFM) did not provide significant mediation to the 

CC→Pp causal link are quite inconsistent with reports in previous studies (Li et al., 2016; 

Yuan et al.,2018; Gurmu, 2020). If the separate mediation links were ineffective, it becomes 

a surprise to see a significant and full mediation of the interaction effect of the CFM and PM 

roles on the contribution of the Capability & Capacity resource to enhancing a construction 

firm’s successful Project performance (Pp) outcome in a construction project.  

Finding no published work to gain insights about the rationale for these results, the views of 

some experienced contractors, project managers and quantity surveyors were sought on 

the applicability of the results in construction practice. The feedback was mixed. Three 

quantity surveyors – two working for large contracting firms, the other for a medium sized 

firm – were of the view that the interaction effects of PM and CFM roles in bringing about 

improved productivity performance can only be theoretical or as should be expected. They 

hinted that in practice, they usually experience push back from site managers while going 

about their role of ensuring effective cost control on the project budgets. They complained 

that site managers often see their efforts on controlling costs as impediments to their tight 

focus on getting the project on track and on schedule, even without being bothered about 

the prospect of cost blow-out. On the other hand, the contractors and project managers 

believed that “time is money”, and that “getting the job done as quickly as possible can save 

more dollars than quantity surveyors’ fixation on cost savings”.  

Given the divided views of the two frontline role players in terms of the crucial importance of 

their interactive cooperation in working towards productivity improvement, the key to 

resolving productivity issues in the construction industry could start with finding ways of 

resolving the misunderstanding of the united role of both key role players in lifting up 

productivity in the sector. 
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4.4 RESULTS AND DISCUSSIONS IN RELATION TO 3RD 
OBJECTIVE OF THE STUDY 
 

The third research objective was to infer measures for improving construction project 

productivity outcomes in the Australian construction industry based on the results of the first 

and second stages of the study.  

Outcome of the first stage narrative reviews of literature established 48 potential variables 

for improving construction project productivity outcomes. These were highlighted in section 

4.2.1 and documented in Tables 3-5. Figure 9 models the constructs under three themes, 

comprising Capacity & Capability Development (CCd), Project Management Competencies 

(PMc) and Cost & Financial Management Competencies (CFMc). The CCd comprised 10 

indicators for measuring it. The PMc comprised 19 measuring indicators, while CFMc 

comprised 19 measuring indicators.   

Cronbach’s Alpha based internal consistency test results outputs in Tables 9-11 showed 

that 18 indicators were not significant or reliable indicators, resulting in the reduction of the 

initial 48 measuring indicators to 29. Under the CFMc themes, the most influential indicators 

comprised the following in diminishing order of their Outer Loadings, use of digital 

technologies (0.780), recruiting experienced and qualified workers for improved 

workmanship quality (0.775), use of offsite manufacturing method (0.753), maintaining good 

credit ratings and financial standing with lenders and creditors (0.708). Under the PMc, the 

most influential indicators in diminishing order of Outer Loadings comprise effective 

coordination of project team efforts (0.803), use of effective enterprise risk management for 

quantifying, monitoring and responding to critical risks (0.767), communicating critical 

information to stakeholders as and when needed, accurately, timely and comprehensively, 

using appropriate channels and media (0.765), use of effective quality assurance plan to 

ensure routine quality inspections and reduce defective work (0.738), providing safe and 

healthy working conditions through effective implementation of work health and safety plans 

(0.726), and the use of effective web-based information and communication management 

system to ensure ease of access, secured storage, retrieval, and sharing of critical 

information or documents (0.722). 

Under the CFM theme, the most influential indicators in diminishing order of Outer Loadings 

comprise maintaining adequate cash flow for effective execution of projects (0.812), 
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routinely tracking expenditures against budget to avoid cost overruns (0.755), use of digital 

technologies to automate operations & workflow and enhance efficiency (0.724), and the 

use of effective document control and claim management to minimize risks of disputed 

claims and associated cash flow problems (0.714). 

Therefore, fulfillment of the third objective of the study requires addressing the established 

29 indicators based on their relative levels of significant influence as effectives for improving 

productivity in the Australian construction industry.   

However, results of the partial least square structural equation modeling carried out in 

section 4.3.3 showed that, though the CC competency could be directly linked to Pp, 

optimized and significant performance outcome draws strongly upon the mediating influence 

of the PM competency, interacting with and being supported by the CFM competency.  The 

CC-PM productivity performance enhancing interaction effect outcome represents an 

important gap-filler in existing studies. Overall, the result presents a novel perspective that 

accentuates the criticality of the interactions between the PM and CFM to upping project 

performance in ways that are superior to what is being experienced in the current practice 

of compartmentalization of both roles in construction project delivery. The result further 

emphasizes the crucial role of earned value management (EVM), as an essential project 

cost and schedule control tool to ensure that both roles work together in planning, 

implementing, monitoring, appraising, and benchmarking out-turn performance against 

initial baselines, with a view to enhancing productivity and achieving the set project 

objectives (Alwisy et al., 2020; Sutrisna et al., 2020). This is a departure from the current 

reality where the CFM role is often touted by those in the project management team to be 

distraction from the sole focus on speed or schedule target, often at the expense of cost or 

budget, often resulting in budget blow-out, especially where overtime is used to speed up 

progress. Executing the critical activities on the project critical paths involve project 

execution in the crash-cost mode which results in cost blow outs (Omopariola et al., 2020). 

However, what is worrisome is the fact that the earned value management was found to be 

unsuitable as an indicator (CFM4) for measuring the CFM construct in Table 11. Perhaps, 

this could be due to the unpopularity of its use in construction industry (Subramani et al., 

2014; Nkiwane et al., 2016). 

The findings could offer valuable insights to project stakeholders on the key underpinnings 

of effective project and financial management of construction projects. Practical 
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implementation of the findings in real world could enhance productivity and success in 

project delivery in Australia and elsewhere. 
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CHAPTER 5: CONCLUSIONS & 
RECOMMENDATIONS 
 

Overall, a novel perspective to the results of this study is the accentuation of the 

criticality of the interactions between the PM and CFM to upping project performance 

in ways that are superior to what is being experienced in the current practice of 

compartmentalization of both roles in construction project delivery. The result further 

emphasizes the crucial role of earned value management (EVM), as an essential 

project cost and schedule control tool to ensure that both roles work together in 

planning, implementing, monitoring, appraising, and benchmarking out-turn 

performance against initial baselines, with a view to enhancing productivity and 

achieving the set project objectives (Alwisy et al., 2020; Sutrisna et al., 2020). This is 

a departure from the current reality where the CFM role is often touted by those in the 

project management team to be distraction from the sole focus on speed or schedule 

target, often at the expense of cost or budget, often resulting in budget blow-out, 

especially where overtime is used to speed up progress. Executing the critical 

activities on the project critical paths involve project execution in the crash-cost mode 

which results in cost blow outs (Omopariola et al., 2020). 

However, what is worrisome is the fact that the earned value management was found 

to be unsuitable as an indicator (CFM4) for measuring the CFM construct in Table 11. 

Perhaps, this could be due to the unpopularity of its use in construction industry 

(Subramani et al., 2014; Nkiwane et al., 2016).  

 

5.1 IMPLICATIONS OF THE RESULTS FOR RESEARCH AND 
INDUSTRY PRACTICE 
 

For construction project consultants and contractors, the key take-away from this study 

is the understanding that productivity performance (Pp) outcome on a construction 

project could be underpinned by the head contracting firm’s strengths in three key 

areas. These comprise capacity & capability (CC), project management (PM), and 
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contractual and financial management (CFM) competencies. Of utmost strategic 

importance is the knowledge that the Capability & Capacity resource could be directly 

linked to Productivity performance (Pp) on a construction project, but optimized and 

significant productivity outcome draws only upon the mediating influence of the PM 

competency, interacting with and being supported by the CFM competency.  

In addition, the study has revealed 29 indicators used for measuring the CC, PM and 

CFM constructs, and which should be focused on for higher levels of productivity 

performance. In diminishing order of influence, the following were found to have the 

most significant influence on productivity outcomes: Digital technology-enhanced 

workflow and real-time project tracking, experienced workforce, relational contracting, 

robust quality assurance planning, and effective project supervision and coordination. 

The findings could offer valuable insights to project stakeholders on the key 

underpinnings of effective project and financial management of construction projects. 

Practical implementation of the findings in real world could enhance productivity and 

success in project delivery. 

The findings also have implications for policy and regulatory reforms aimed at 

promoting productivity and growth of the construction sector, giving the sector’s 

contributions to the socio-economic development of the country. Based on the study 

findings, key areas to be focused on include providing the infrastructure support to 

drive digital technology adoption in the sector given its to enhance workflow and real-

time project tracking. In addition, more support should be provided to train and retain 

experienced workforce locally or amend immigration laws to attract highly experienced 

workforce from overseas. 

For the research community, the study has introduced new knowledge that has 

extended existing knowledge boundaries in terms of previously held beliefs about the 

ability of the separate roles of those at the forefront of project delivery to bring about 

successful productivity outcomes. Worthy of further research is the need to investigate 

why the project management (PM) and the contractual & financial management in their 

separate roles could not effectively mediate the causal relationship between capability 

& capacity resource and productivity outcomes in a project, contrary to postulations in 

previous studies.  
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Also, further research is required to investigate why effective mediation could only be 

achieved via the interaction effects of both roles.  

The methodology developed and implemented in this study is recommended for use 

by researchers in investigating similar problems in Australia and elsewhere. 

 

5.2 KEY NOVELTY IN THE STUDY FINDINGS 
 

Persisting problem of declining construction project productivity and flat-lining margins 

in the construction industry could imply that further research is needed to complement 

efforts made in previous studies towards resolving the problem. This is more so that a 

large proportion of the solutions proffered in the literature were based on correlational 

analysis rather than cause-and-effect analysis. Australian Bureau of Statistics (ABS, 

2010) argued that causality is commonly misunderstood in the mistaken belief that 

because the data shows a correlation that there is necessarily an underlying causal 

relationship. Based on recommendations in previous studies such as Pinelis (2020), 

causation, rather than solely correlation, was adopted in examining and revealing the 

key independent and mediating variables that could significantly predict productivity 

performance outcomes in the implementation of construction projects.  

In doing this, the missing jigsaw puzzle in our current understanding of the key 

underpinnings of productivity outcomes on construction projects has been postulated. 

The study has raised a puzzle worthy of further investigation, i.e., the need to 

investigate why the project management (PM) and the contractual & financial 

management in their separate roles could not effectively mediate the causal 

relationship between capability & capacity resource and productivity outcomes in a 

project, contrary to postulations in previous studies. Also, why effective mediation 

could only be achieved via the interaction effects of both roles. 

Perhaps, resolving these puzzles could reveal the reasons behind the decades of poor 

productivity trend that has dogged the sector (RBA, 2019; Haji Karimian et al., 2019; 

Durdyev et al., 2021), as well as the intractable flat-lining margins experienced 

consistently in the construction sector (Loosemore & Richard, 2015; Snyman & 

Smallwood, 2017; Omopariola et al., 2020). 
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Overall, the study has provided insights to construction industry operators on the least 

number of productivity improvement measures they should focus on to deliver the 

greatest productivity outcomes in construction projects using their limited resources. 

By focusing on reducing possible solutions to the few that could deliver the greatest 

outcomes, the proffered solutions lend readily to uptake by industry practitioners, as 

advocated for in previous studies (Durdyev & Mbachu, 2017; Mbachu et al., 2017).  

   

5.3 STUDY LIMITATIONS AND RECOMMENDATIONS FOR 
FURTHER RESEARCH 
 

The scope of investigations in this study was limited to the views expressed by 

registered members of the Master Builders Australia and the Australian Institute of 

Quantity Surveyors (AIQS). The focus on these two groups was due to the fact that 

they are at the forefront of decision-making, implementation and control of issues 

relating to productivity in the construction sector (Rahman et al., 2019). Other factors 

that have constrained the scope of investigations included time and budgetary 

constraints. In addition, the COVID-19 pandemic restrictions and lock-downs 

constrained widening the scope of investigations. 

Using the methodology developed in this study, it is recommended that further 

research be carried out to canvass the views of other key stakeholders in the 

construction industry which were not covered in the study such as the designers, 

property developers, council officials, suppliers of equipment, materials and labor in 

the sector.  

It should be noted that the estimated number of research participants to be invited to 

generate the minimum representative samples from the two sampling frames were 

185 for members of the AIQS and 204 for MBA members, totaling 389 samples. 

However, only 285 responses were found usable for statistical analysis purposes. This 

meant that the feedback received failed below the minimum required for 

representation of views of subjects in the sampling frames. Therefore, generalizing the 

findings across the entire population of the respondents should be cautiously made. 

Nevertheless, in addition to estimating the minimum sample size for 

representativeness, G-Power test (Hair et al., 2022; Soper, 2022) was carried out to 
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determine the a-priori minimum sample size for meeting the requirements of the 

structural equation model structure designed for the study. Results indicated that the 

minimum number needed to detect the effect size was 137; the minimum sample size 

for model structure was 138. These usable survey responses exceeded this minimum 

sample size. In addition, the census survey was implemented, which gave every 

member an equal opportunity to participate in the survey, hence minimizing sampling 

bias (Creswell & Creswell, 2018). This means that, notwithstanding the usable 

responses being below the minimum for representation, the G-Power test result and 

the census survey accorded credibility to the findings being able to be generalized 

across the target population of respondents. 
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Appendix 2: AIQS internal circular inviting 
members to participate in the survey 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

110 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

111 

 

Appendix 3: NAWIC internal circular inviting 
members to participate in the survey 
 

 

 

 

 

 

 


