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Abstract:- The study’s main aim is to investigate the 

relationship between the influence of effective risk 

management as a mediator among the relationship of 

Total Quality Management (TQM) practices and project 

performance in the East Coast Rail Link (ECRL) project 

in Malaysia. The problem statement on the 

implementation and barriers of TQM practices with risk 

management as a mediator would affect the project 

performance in terms of cost, delay, safety issues, 

QAQC, and project sustainability. The Multivariate 

Analysis was performed using SPSS ver27 software. 

Results of hypotheses indicated that relationships 

between human resource management and service 

quality were insignificant while relationships between 

process management, technology, leadership, and 

strategic planning were significant to project 

performance. Furthermore, risk management as a 

mediator was found to influence the relationships. The 

results indicated that adopting relevant dimensions of 

the TQM practices can enhance the project performance 

in construction projects. 
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I. INTRODUCTION 

 

The influence of TQM in the Malaysian construction 

industry, particularly in tunnel construction management is 

relatively new in the industry, thus its scarcity has 

contributed to the formation of the gaps in my research. 

China advanced tunnel construction methods are adopted 

and explored in East Coast Rail Link (ECRL) project (Shi et 

al., 2014; Qiu et al., 2020; Hernández et al., 2019; Song et 
al., 2020). From the journal articles presented by Huang et 

al. (2021) and Sharafat et al. (2020) a gap exists whereby the 

latest process management and technological technique of 

adopting the latest digital transformation in NATM 

construction in Malaysia is limited and not being fully 

explored. The limited knowledge on risk management as a 

mediator on the relationship of TQM practices and project 

performance is another gap for my research (Javaid et al., 

2022). 

Findings from the journals indicated the lack of TQM 

implementation in the Malaysian construction industry will 

result in a slowdown in the industry and causes huge 

implications to the project performance in the country. 

Disastrously, such shortfalls will lead to rework, safety, 

quality, delay in project handover and cost overrun as 

reported in the articles of (Ramli et al., 2018; Yap & Tan, 

2021; Indhumathi et al., 2018).  

 

As cited in Myers (2022) construction is one of the 

important industries which contributes to the economic 

growth in Malaysia GDP from construction ranging from 4 
to 5% (Department of Statistic, Malaysia. 2022). 

 

In Malaysia the scarcity of rework study prompted Yap 

& Tan (2021) to investigate and found that the leading 

causes of rework are poor quality management, improper 

planning, lack of communication, design changes and poor 

subcontractor management. Research studied by Indhumathi 

et al. (2018) illustrated the importance of TQM that rework 

sources comprising changes, errors and omissions in 

Malaysian construction industry can affect project 

performance. 
 

Othman et al. (2020) highlighted risk management as 

mediator is a gap and it could be considered for future 

studies, and as cited in Javaid et al. (2022) and Joslin & 

Müller (2015). 

 

The main objective is to set out research framework on 

project performance leading to project success is an 

important factor in Malaysian construction industry.  Hence, 

the study of relationship of TQM practices and project 

performance with risk management in ECRL project is 

warranted to achieve the research objectives identified in the 
study.   

 

 Problem Statement 

There is a dispute and change of ECRL project 

alignment due to the change of Malaysian government 

ruling parties. The dispute is between the federal and state 

government on package 3 and package C. The project 

started on July 2017 was once suspended in 05.07.2018 and 

work resumed in 25.07.2019 (Malaymail 2019). The ECRL 
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project is further scheduled to complete in December 2027 

instead of original plan in December 2026 (Sulhi Khalid, 

2021). According to Danker (2021), the essence of the issue 

is which alignment can give the most economic and social 

effect while minimising environmental degradation, as noted 

in the most recent social media in Malaysia dated October 

2021. The change in alignment seriously affecting the 

progress and causes further delay to the project due to 
additional feasibility study and Environmental Impact 

Assessment (EIA) report on changed alignment. The change 

in project alignment seriously affect the implementation of 

TQM practices. It affected Strategic planning for land 

acqusition, delayed and interrupted logistic problems from 

the transportation of the tunnel boring machine (TBM) from 

China where the sequence of work was greatly affected. The 

change in project alignment seriously affected the design 

change process management where more tunnels 

construction involving high technological input are 

introduced in compliance with the ESG policy (Aziz, 2020). 
 

The shortage of labourers during Covid-19 where 

CIDB imposed stringent conditions to recruit foreign 

workers especially from China where tunnelling experience 

is crucial to carry out the necessary works where local 

workers are not experienced and reluctant to work under 3 

D, dirty, dangerous, and difficult conditions with low pay 

reward, and the workers’ safety and health welfare. This 

form another problem statement and there is a labour 

demand of 1.255 million overall and a shortage of 21,000 in 

Malaysian construction industry (1st qtr. 2021-DOSM). This 

created HRM problem in talent management for shortage of 
experienced and skilled workers, and service quality on 

ECRL project performance (Zhong et al., 2021; The Edge 

Markets, 2021).  

 

The importance of the implementation and barrier of 

leadership is considered as part of the problem statement. 

The top management commitment and leadership in 

ensuring ECRL project success was important to reflect the 

Engineering Procurement Commissioning Contract (EPCC) 

contract between Malaysian and China government under 

one belt one road concept (Ho, 2019).  The proper process 
management and technology implementation to improve risk 

management for the ECRL tunneling drilling and balsting 

works are complex and need to encounter the identical 

geotechnical problems along the alignment similar as 

highlighted on numerous published research journal articles 

(Taofeeq et al., 2022; Qiu et al., 2020). Generally, in 

Malaysia, well developed TQM practices in construction 

industry is relatively new and not being fully practiced and 

poor-quality rework cost of 6% reported in recent articles, 

beside safety, scope, and time by Yap & Tan (2021). 

 

Systematic literature reviews conducted previously 
revealed limited informations and  knowledge on the study 

influence of TQM practices and project performance with 

the mediating effect of risk management. Hence the main 

purpose of this ECRL project incorporates a mediator 

variable of risk management in forming a comprehensive 

research. The major problem statements encountered in 

ECRL project are summarised as the implementation and 

barriers of TQM practices with risk management as 

mediator because of the suspension of project and change of 

project alignment, and the shortage of experienced and 

skilled workers during Covid-19 pandemic. 

 

 Research Objectives 

The research objectives are as shown: 

 

 To identify the practices of TQM that drive project 

performance in ECRL project  

 To investigate the mediating impact of risk management 

between TQM practices on project performance in 

ECRL project  

 To analyse the variables that influence TQM practices 

and project performance in ECRL project 

 

 Research Questions  

The research questions are developed:  

 

 What are the TQM practices that drive project 

performance in ECRL project? 

 Does risk management mediate the impact between 

TQM and project performance in ECRL project? 

 How are the variables influence TQM practices and 

project performance in ECRL project? 

 

II. LITERATURE REVIEW- FUNDAMENTAL 

THEORIES 

 

 TQM theory/philosophy  
Total quality management (TQM), according to 

Bathaei et al. (2021), comprises of senior management 

support, employee participation, continual improvement, 

focus on customer satisfaction and innovation. Product, 

process, organization, leadership, and commitment are the 

five pillars of TQM. According to Tamimi & Gershon 

(1995), Deming’s work is best known in Japan, and it 

created a revolution in quality, operationalized his theory of 

management for quality in terms of 14 points which are still 

applicable in construction industry. In 1970s and 1980s, the 

United States (and the rest of the world) faced stiff 

competition from Japan, and the solution was the 
introduction of TQM to improve production and recapture 

market share.  

 

 Service Quality theory 

Parasuraman et al. (1988) created a measure of service 

quality (SERVQUAL) basing on 5 dimensions namely: 

tangibles, reliability, responsiveness, assurance, and 

empathy. According to Zygiaris et al. (2022), their study 

examined the relationships between service quality and 

customer satisfaction using the SERVQUAL framework and 

concluded tangibles, empathy, reliability, assurance, and 
responsiveness have a significant positive relationship with 

customer satisfaction in Saudi auto care industry. According 

to Landy et al. (2020), the future trend of service quality in 

construction sector emphasised on new success factors such 

as aesthetic quality, design, attention in task execution, and 

innovation, beside tangibles, reliability, responsiveness, 

assurance, and empathy. 
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 Gaps in the Literature  

Limited knowledge is available in the Malaysian tunnel 

works; the tunnelling method adopted for the ECRL project 

follows the traditional method of construction. The more 

advance techniques using the advanced process management 

and technology were not applied in the ECRL tunnelling 

construction. As a result, the purpose of this research project 

is to learn more about the novel tunnelling approach using 
modern technology and methods. The journal articles in 

tunnel construction are also available especially in China 

where substantial amount of works adopting the New 

Austrian Tunnelling Method (NATM) techniques are 

engaged in the activities. From the journal articles presented 

by Huang et al. (2020) and Sharafat et al. (2020) a gap exists 

whereby the latest process management and technological 

technique of adopting the latest digital transformation in 

NATM construction in Malaysia is limited and not being 

fully explored. Through various systematic literatures 

review on TQM practices/ CSFs implementation, there is 
limited investigation knowledge on the moderating/ 

mediating effect of risk management on TQM practises and 

project performance. Jong et al. (2019) studied the link 

between TQM and project performance in the Malaysian 

construction industry and recommended future research to 

be conducted in the role of mediating factors and to expand 

the sample size. Permana et al. (2021) conducted a 

systematic literature review on TQM implementation in the 

organisation from many industries sectors and recommended 

future research gap on digital technology set ups. According 
to Javaid et al. (2022) and Joslin and Müller (2015), both 

have suggested the literature gaps of exploring the mediator 

variable of risk management in construction project 

management methodology. Hence supported the idea of 

research study in ECRL project on the relationship of TQM 

practices and project performance with risk management as 

mediator.  

 

III. CONCEPTUAL FRAMEWORK FOR TQM 

PRACTICES AND PROJECT PERFORMANCE 

WITH MEDIATING EFFECT OF RISK 

MANAGEMENT 

 

 
Fig 1 Conceptual Framework 

 

 Hypotheses  

The impact of Total Quality Management (TQM) 

practices on project performance 

 

 Human resource management 

Melhem (2021) revealed that human resource in 
Malaysia is important for company to achieve its aims, with 

the impact on risk management and total performance. 

Zainon et al. (2020) examined the factors of HRM practices 

that affect the organization performance with staff training, 

performance appraisal, rewards, and recognitions. Sulaiman 

et al. (2021) analysed the Malaysian construction industry 

demand and concluded that need for manpower are still 

lacking. Hamidah & Adam (2021) explored the status and 

key factors of green HRM practices in Malaysia to mitigate 

the increased risk of climate change and global warming. 

Ajibike et al. (2021) found that coercive pressure helps to 
mediate, enable, and impacts the complementary roles of 

social responsibility and environmental sustainability in the 

Malaysian construction business.  

Susilowati et al. (2020) found that Indonesian 

construction companies remained project oriented and 

lacking in term of operation management and indicated that 

the implementation of HRM is not optimal. Talent 

management to manage human resource through employees 

competency (Rosita et al., 2020; Ganesh & Tyagi, 2021; 
Smith, 2020; Panday & Kaur, 2021; Jia et al., 2021). 

Bullock (2018) worked on Human Resource Outsourcing 

(HRO) to lower operating costs while maintaining the 

efficacy of human resources (HR).  

 

The relationship of human resource management with 

the project performance are explored. 

 

 H1: Human resource management is significantly 

positive related to project performance 
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 Service quality   

Many construction-related disciplines have examined 

service quality, but little is known to understand how it 

affects customer satisfaction throughout the day-to-day 

dynamics of onsite construction services (Forsythe, 2015). 

According to Parasuraman et al. (1988) and Zygiaris et al. 

(2022), that service quality dimensions (tangibles, reliability, 

responsiveness, assurance, and empathy), are closely related 
to customer satisfaction. Beside that Landy et al. (2020), 

added the newly recognised criterias, such as aesthetic 

quality, design, attention in task execution, and innovation. 

Algahtany (2018) assessed all other risks out of their control 

as extra service quality. In China, Zhen et al. (2018) and Lu 

et al. (2019) explored the relationship between service 

quality and customer sastifaction and ESG sustainability. 

Luo et al. (2021) explored the gap of applying service-

oriented technology in the construction labour resource 

management in China. Yang Yingfei et al. (2022) 

demonstrated that service quality and company performance 
are important factors in improving service trade in China. 

Saeed et al. (2021) studied the use of Mobile Application 

Technology (MAT) in Iragi construction industry found that 

extra expenditures connected with technology are the largest 

limiting barrier, followed by the lack of government control 

for use. Atmaja & Sfenrianto (2021), emphasised that 

digitised E-procurement in the construction industry might 

result in net benefits to Quality System, Information Quality, 

and Service Quality. 

 

A lack of awareness of the relationship between 

Corporate Social Responsibility (CSR) and design, 
according to Capomaccio et al. (2021), prevents the Design 

for Sustainability (DFS) techniques from integrating 

sustainability issues into the design process aligned to a 

company's CSR strategy.  

 

The relationship of service quality with the project 

performance are explored. 

 

 H2: Service quality is significantly positive related to 

project performance 

 

 Process management  

Process management is a concept which incorporates 

quality/performance excellence into an organization's 

strategic management. The design changes can be 

eliminated through collaboration amongst stakeholders 

during the design process and to reduce design errors 

(Aslam et al., 2019; Guadalupe, 2020). Lean management 

optimises safety, cost , and eliminate waste that leads to 

more sustainable and productivity (Moaveni et al., 2019; 

Waite, 2020; Tzourmakliotou, 2021; Yu et al., 2018). Safety 

and economy are fundamental issues in underground 
excavations, where the New Austrian Tunnelling Method 

(NATM) must be determined accurately during design and 

construction stages (Özgür & Tamer, 2020; Shi et al., 2014; 

Qiu et al., 2020; Hernández et al., 2019; Song et al., 2020). 

nintex (2022) stressed on digital transforming of business, 

and keeping up with avalanche of change.  

 

The relationship of process management with the 

project performance are explored.  

 

 H3: Process management is significantly positive related 

to project performance 

 

 Technology  

The impact of technology in the era of industry 
revolution IR 4.0 has greatly changed the business model in 

global business and to create competitive advantage to 

maintain sustainability leading to the emergence of the 

Internet (cyber physical systems, network, artificial 

intelligence). Automation in construction 4.0 with people-

process-technology and with AI towards sustainability 

(Manzoor et al., 2021; Karmakar & Kumar Delhi, 2021). 

The analysis results of BIM with IoT and/or BD provide 

significant benefits such as improved real-time monitoring, 

data exchange and analysis, construction planning, and 

modelling primarily in the Construction 4.0 preconstruction 
phase (Begi and Gali, 2021; Roslan et al., 2022; Rao et al., 

2022; Garyaev and Garyaeva, 2019). 

 

The challenges facing Construction 4.0 are impact on 

workers, start-up costs, training requirements, and increased 

awareness due to change resistance. The adoption of digital 

transformation to reshape itself with new business model 

and growth areas along with innovative products and 

services is necessary in firms on Environmental, Social and 

Governance (ESG) completeness (AECOM, 2022). Digital 

tools allow a broader range of stakeholders to navigate a 

scheme's proposals with greater ease, visualise its most 
challenging and complex aspects, and better appreciate its 

potential interactions with the environment, communities, 

and people (Stewart, 2021; Singh, 2021; Tanga et al., 2020; 

Bettels, 2020; Sharafat et al., 2020). Quality 4.0 is the 

practice of Quality Management (QM) in industry 4.0 with 

digital technology toward operational excellence (de Souza 

et al., 2021; Juran, 2019). According to Basak Ozturk 

(2021), the Digital Twin permitted the virtual representation 

of the physical asset's. With three elements of people, 

process, and technology, Musa (2019) established a 

framework for intraorganizational knowledge exchange 
techniques for efficient BIM adoption in Malaysia. Upeksha 

Hansini Madanayake (2019) found that despite increasing 

awareness of digital transformation but the effect on 

construction project is still disappointing. A lack of 

knowledge and training was found to be the main barriers to 

construction stagnating productivity. 

 

The relationship of technology with the project 

performance are explored. 

 

 H4: Technology is significantly positive related to 
project performance 
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 Leadership 

Rabia Bashir et al. (2021) examined leadership, 

communication, planning, innovation, motivation on project 

managers’ competencies in international development 

projects. Jong et al. (2019) concluded important relationship 

between leadership and project performance in Malaysia are 

customer focus, workforce focus, and operation focus.  

Khwae & Amoozega (2021) concluded organisational 
culture, employee commitment and leadership influence the 

project performance. According to Al-Subaie et al. (2021) 

transformational leadership and project governance are 

positively significant to mega project performance. 

According to Shoshan & Celik (2018) leadership leading to 

customer satisfaction but lack of top management was 

regarded as critical barrier. Xiong Zheng et al. (2022) 

provided insights to leadership humor and employee bootleg 

innovation in China with moderated mediation model. 

Marlene Sousa et al. (2021) analysed and confirmed the 

impact of authentic leadership on resilience, directly or 
when mediated by humility and validated that employees are 

resources that help face competitive challenges. 

Aboramadan (2021) investigated the servant leadership 

indicated climate of creativity as a partial mediator in their 

relationship and recommended servant leaders as a 

recruitment agenda. Kanwal Iqbal Khan et al. (2021) 

examined the impact of ethical leadership and the silent 

behaviour of project team to prevent project team silent 

behaviour. Waxman (2021) defined resilient leadership as 

“The ability to lead oneself and inspire others to act in the 

face of challenge and change, with clarity of mind, body, 

and spirit to create good in the world.”. Ali Ahmed Alsaedi 
et al. (2022) indicated importance of inclusive leadership in 

creating innovation and collaboration in organisations. 

Muhammad Abbas & Raja Ali (2021) suggested 

transformational leadership had a stronger relationship on 

project success than transactional leadership. Umer Zaman 

et al. (2022) concluded a high degree of self-confident 

leadership contributed to self-efficacy. AECOM (2022) 

AECOM’s Think and Act Globally strategy is the roadmap 

to achieving business goal, and outlines the foundation of 

the capabilities of AECOM leaders. 

 
The relationship of leadership with the project 

performance are explored. 

 

 H5: Leadership is significantly positive related to project 

performance 

 

 Strategic planning 

Strategic management literature reveals that strategic 

planning as one of the most important aspects for project 

success. Planning does not guarantee project success, but a 

lack of planning will almost certainly result in failure (Jong 
et al., 2019; Hwang et al., 2020). At the same time, Yousef 

(2019) affirmed that strategic planning aids in crisis 

management, increases the ability to deal with external 

threats, establishes a shared vision and purpose for all 

employees, and increases the level of devotion to the 

organisation and its goals. The integration of crisis 

management into strategic planning provides a more 

inclusive approach to the strategic planning process 

(Mudalal, 2021). According to Almansoori et al. (2021), 

they confirmed that there is a positive impact of strategic 

planning on the performance of organizations, besides the 

moderating role of entrepreneurship and sustainability. 

Samada and Ahmed (2021) investigated and confirmed that 

both transformational leadership and strategic planning 

significantly influence the organisational performance. 

Strategic planning is long term planning that gives direction 
and action plan with vision statement to achieve project 

objective (Jhaveri 2020; Martins 2021; Pandey 2021). 

Strategic planning, according to Abdul Malik (2019), clearly 

defines the vision and goals, and provides information to 

senior management to assist them to make better decisions. 

Ahmed (2021) investigated the performance due  to lack of 

strategic plan, and no innovative leadership which are 

veritable tools in effective management. Majed Rashed 

Mohamed Azair Almansoori et al. (2021) investigated and 

confirmed the  positive impact of strategic planning (finance 

resource, management skills, Information systems, 
organization culture and innovation) on performance of 

organisation in Department of Economic Development in 

Malaysia. 

 

The relationship of strategic planning with the project 

performance are explored. 

 

 H6: Strategic planning is significantly positive related to 

project performance 

 

 Risk management 

Risk management is a new field and extremely risky in 
Pakistan construction industry as it was lacking a good 

reputation in handling risks to improve on project success in 

term of schedule, cost, and quality (Ahsan Nawaz et al., 

2019; Tahir et al., 2019). Haider (2021) studied the software 

development sector in Pakistan and concluded that 

participating leadership would enhance project performance 

in line with coworker knowledge sharing with project risk 

management acts as moderator and mediator respectively. 

Alsaadi & Norhayatizakuan (2020) concluded practicing of 

risk management improves project performance and 

recommend project manager with risk management 
experience is essential.  

 

Risk management entails risk identification, risk 

analysis, risk evaluation, and risk response, that all of which 

have a positive impact on performance in terms of cost, 

time, and quality in constrution projects  (Shirinda, 2019; 

Urbański et al., 2019).  

 

PESTLE analysis involved financial and economic 

risks, contractual and legal risks, design-related risks, 

political risks, cultural risks, technical associated risks, 
fraudulent practises linked risks, and health-related risks 

(Dandage et al., 2021; Gholizadeh and Moradinia, 2021). Ali 

& Wali (2020) found that there is no reasonable risk 

management system in Iraq, but just only construction 

management system depending on experience of project 

staff which is not skilful to curb the risk control and 

management in tunnel construction.  
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The service quality usage of digital mobile phone to 

assist the implementation of safety requirement as risk 

management during day-to-day construction stage should be 

explored hand in hand with safety software to reduce the 

occurrence of fatality on site (Saeed et al., 2021). Rane et al. 

(2019) built a project risk management (PRM) framework 

based on IR 4.0 technology, emphasising on IoT technology 

on heavy equipment breakdown that delay in construction 
project. Lombardo (2020) reported in North America that 

90% of the contractors surveyed do not have the budget for 

innovation in using technology to improve risk management 

in construction. Songling Yang et al. (2018) concluded top 

management should have sufficient financial knowledge to 

perform risk management practices in Pakistan. Kanu (2021) 

investigated and concluded that ERM must be embedded in 

a risk culture and integrated with strategic planning in order 

to improve organisational performance. In the construction 

business in the United States, Obondi and Christopher 

(2020) investigated risk reassessment, risk audits, 
contingency reserves analyses, and risk status meetings are 

all found to be positively associated to project success. 

Block et al. (2021) revealed that Chief Technology Officer 

(CTO) leadership was statistically significant to information 

risk security management (ISRM), but not in relation to big 

data governance alignment. Biira et al. (2021) examined and 

concluded top management leadership should have a 

comprehensive understanding of the risks associated with 

failing to collect credit transactions in their firm and find 

solutions to mitigate those risks. Sospeter and Chileshe 

(2021) investigated both contractors and consultants placed 

project safety and assuring quality in terms of construction 
as shared risk duties. Rehman and Ishak (2022) studied the 

impact of cultural factors on risks management with the 

mediator of government policies, laws and Acts in Saudi 

Arabia construction industry, concluded strong culture for 

project accomplishment.  

 

The relationship of risk management with the project 

performance are explored. 

 

 H7:Risk management will mediate the relationship of 

Human resource management  and project performance  

 H8:Risk management will mediate the relationship of 

Service quality and project performance 

 H9:Risk management will mediate the relationship of 

Process management and project performance 

 H10:Risk management will mediate the relationship of 

Technology and project performance 

 H11:Risk management will mediate the relationship of 

Leadership and project performance 

 H12:Risk management will mediate the relationship of 

Strategic planning and project performance 

 

 Project performance  

The impact of Project Management (PM) identified by 

Jenny and Arnesh (2019) concluded cost overrun fall into 

four categories: political, technical, economical, 

phsycological. Bazama and Azam (2021) emphasised the 

importance of project quality in Libyan project management 

and its role in the process of planning, implementing, 

monitoring, and evaluating projects. The study by Unegbu et 

al. (2021) findings encourage more emphasis on training on 

project management certifications and practices. Yap and 

Tan (2021) through their study in Malaysian construction 

practitioners involving contractors, consultants, and clients, 

discovered that rework caused delays and cost overrun, high 

wastage and hinder productivity through bad quality 

management, lack of good planning, lack of communication, 
design modification, and poor outsource management. Asadi 

et.al (2020)  identified the stages of design, procurement, 

and construction are key elemnets of project life cycle, and 

identified knowledge gaps between contracting and 

construction rework. The findings revealed that combining 

Define, Measure, Analyse, Improve and Control (DMAIC) 

with appropriate tools and an occupational safety and health 

(OSH) programme significantly reduces industrial accidents 

(Ani & Akmal, 2020). The research by Rukmunnisa & 

Kumar (2020) evaluates the security management to curb 

the safety and health of construction workers. Taofeeq et al. 
(2019) investigated risk attitudes in the Malaysian 

construction industry, concluded that government policy and 

individual factors have a positive and significant impact on 

contractor risk attitudes. In Pakistan construction industry, 

Afzal et al. (2022) explored the impact of TQM initiatives 

on project performance and found that operation focus, 

management commitment, and employee involvement were 

dominant factors significantly related to project 

performance. Khan et al. (2020) study of psychological 

empowerment found a positive link between psychological 

empowerment and project success, as well as significant 

mediation of knowledge sharing. According to Mahalingam 
(2022) quoted in the Star newspaper that the real estate 

players are acknowledging and embracing the importance of 

environmental, social and governance (ESG) practices in 

gaining customers satisfaction and requirement with new 

residents. The main purpose of sustainable construction is to 

reduce impact on environment through using renewable and 

recycle materials to reduce energy consumption and waste 

(Gatley, 2019). McKinsey Global Institute (2022) reports 

the insights on sustainability looking at the economic and 

societal impact of transition to net-zero carbon emissions by 

2050 and research into climate risks with actions to be taken 
on ESG premium. Tzourmakliotou (2021) emphasised the 

importance of research that emphasised the economic, 

environmental, social, and technical benefits of modular 

building. According to Li Hongyan et al. (2022) finding, 

calculative and relational trust significantly impact project 

performance, with relational trust having a slightly more 

substantial impact.  

 

IV. RESEARCH METHODOOGY 

 

 Research Design  

The quantitative method was chosen based on the 
research objective. The questionnaires were distributed 

through email with a Goggle form.  A total of 394 responded 

and the respond rate of 94%. The time horizon adopted was 

the cross-sectional type and the study on the phenomena and 

data was collected at a single point of time. The Statistical 

Program for Social Science (SPSS) package was used as the 

method and strategy for data gathering and analysis.  
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 Unit of Analysis  

The individual respondent in the ECRL project study is 

the unit of analysis comprising the client, designers, 

supervision consultants, contractors, and subcontractors as 

well as suppliers. The project is an Engineering Procurement 

Commissioning Contract (EPCC) contract. 

 

 Sampling Design  

The cluster sampling (probability sampling) technique 

was used to select respondents for the targeted research 

population. The sample size is 385. 

 

 Data Collection Methodology 

Table 1 Research Instrument with Questionnaires Structure 

 
 

 Model Specification 

A significant level of 5% was employed in the research and a P-value of less than or equal to 0.05 constituted in a significant 

result for the study. 

 

Table 2 Model Specification 

Relationship Model 

The relationship between TQM practices and project 
performance 

Y = β0 + β1 X1 + β2 X2 + β3 X3 + β4 X4 + β5 X5 + β6 X6 + ε 

The mediator effect of Risk Management on the relationship 

between TQM practices and project performance 

Y = β0 + β1 X1 + β2 X2 + β3 X3 + β4 X4 + β5 X5 + β6 X6 + β7 (M) + ε 

 

Where  

 

Y = Project performance 

  

X1 to X6 = Independent variables 

  

M = Mediator – Risk Management 

  

β0 = The Constant 
  

β1, β2, β3, β4, β5, β6, β7 = Coefficients of the independent  

                                     variables 

 

ε = The error term 

 

V. RESULTS AND FINDINGS 

 

 Demographic Information (N=381) 

The demographic profiles indicated the respondents are 

highly qualified, experience, young and dynamic, and most 

of them (76.4%) are involved in operation and QAQC 

management. The health safety and environmental team 

occupied 9.2% which is considered well-structured for such 

mega project. The salient of the companies involved were 
aware of TQM practices, ESG salient, energy saving, 

practising digital and real time monitoring in area of safety 

that could help in the smooth running of the project. 
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Table 3 Summary of Univariate Analysis and ANOVA 

Respondent profile Project performance score Remarks 

Age group F (3,377) = 1.220, p = .302 Insignificant 

Education group F (2,378) = 2.121, p = .121 Insignificant 

Years of experience group F (3,377) = 2.139, p = .095 Insignificant 

Job level group F (7,373) = 1.242, p = .279 Insignificant 

Job function group F (8,372) = 3.816, p < .001 Significant 

Industry group F (4,376) = 3.51, p = .008 Significant 

Employee group F (4,376) = 8.116, p < .001 Significant 

TQM group F (4,376) = 60.286, p < .001 Significant 

Real time monitoring group F (4,376) = 68.401, p < .001 Significant 

ESG legacies group F (4,376) = 69.002, p < .001 Significant 

Energy saving group F (4,376) = 74.539, p < .001 Significant 

Digital workforce group F (4,376) = 70.437, p < .001 Significant 

 

 Descriptive Statistic 

 

Table 4 Descriptive Statistic 

 
 

 Factor Analysis 

 

Table 5 KMO and Bartlett's: Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.98 

Bartlett's Test of Sphericity Approx. Chi-Square 22144.486 

df 1176 

Sig. .000 

 

Table 6 Total Variance Explained 
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Table 7 Component Correlation Matrix 

 
 

 Correlation Analysis 

 

Table 8 Correlation Analysis 

** Correlation is significant at the 0.01 level (2-tailed). 

Dependent variable: Project performance (PP) 

 

 Validity and Reliability Tests 

 

Table 9 Validity and Reliability Tests 

Variables Cronbach’s Alpha α Interitem correlation (range) 

Human Resource Management (HRM) .911 .548 to   .801 

Service quality (SQ) .917 .585 to .739 

Process Management (PRM) .931 .687 to .785 

Technology (TECH) .917 .582 to .759 

Leadership (LS) .947 .653 to .832 

Strategic Planning (SP) .956 .736 to .848 

Project Performance (PP) .953 .597 to .835 

Risk Management (RM) .943 .662 to .830 

ALL .988 .404 to .848 

Requirement .70 .30-.85 

 
 Multicollinearity Test and Durbin-Watson Statistic Test Result 

 

Table 10 Multicollinearity with Tolerance and VIF 

 
a. Dependent Variable: PP 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

95.0% Confidence Interval for B Correlations Collinearity Statistics 

B Std. Error Beta Lower Bound Upper Bound Zero-order Partial Part Tolerance VIF 

1 (Constant) .275 .086  3.207 .001 .107 .444      

HRM .016 .043 .016 .372 .710 -.069 .101 .780 .019 .007 .209 4.779 

SQ -.067 .053 -.067 -1.257 .210 -.172 .038 .818 -.065 -.024 .133 7.532 

PRM .169 .047 .174 3.574 .000 .076 .262 .861 .182 .069 .158 6.346 

TECH .098 .037 .104 2.656 .008 .025 .170 .820 .136 .051 .246 4.068 

LS .119 .051 .121 2.333 .020 .019 .219 .853 .120 .045 .140 7.153 

SP .184 .055 .190 3.340 .001 .076 .293 .881 .170 .065 .116 8.638 

RM .437 .047 .441 9.370 .000 .345 .529 .903 .436 .181 .169 5.924 

 

Independent variables Pearson's correlation 

Risk management (RM) 0.903** 

Strategic planning (SP) 0.881** 

Process management (PRM) 0.861** 

Leadership (LS) 0.853** 

Technology (TECH) 0.82** 

Service quality (SQ) 0.818** 

Human resource management (HRM) 0.78** 
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Table 11 Durbin-Watson Statistic Test Result 

Model Summaryb 

Mode

l 
R 

R 

Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

Change Statistics Durbin-

Watson R Square Change F Change df1 df2 Sig. F Change 

1 .928a 0.861 0.858 0.26414 0.861 329.12 7 373 0 1.909 

a. Predictors: (Constant), RM, HRM, TECH, LS, PRM, SQ, SP 

b. Dependent Variable: PP 

 

 Multiple Regression Analysis 

 

Table 12 Multiple Regression Analysis - Estimated Model Coefficients 

 Coefficientsa 

    

 

 

 
Unstandardized 

Coefficients 

Standardized 

Coefficients 
t Sig. 

95.0% Confidence Interval for 

B 

Remarks 

 
 

B Std. Error Beta 
  

Lower Bound Upper Bound  

 (Constant) -0.63 0.02  -32.49 <.001 -0.67 -0.59  

H1 sqrt HRM 0.01 0.03 0.01 0.28 0.78 -0.05 0.07 Not supported 

H2 sqrt SQ -0.03 0.04 -0.05 -0.87 0.39 -0.10 0.04 Not supported 

H3 sqrt PRM 0.12 0.03 0.19 3.76 <.001 0.06 0.18 Supported 

H4 sqrt TECH 0.07 0.03 0.10 2.63 0.01 0.02 0.12 Supported 

H5 sqrt LS 0.07 0.03 0.11 2.06 0.04 0.00 0.14 Supported 

H6 sqrt SP 0.12 0.04 0.19 3.30 0.00 0.05 0.19 Supported 

H7 sqrt RM 0.28 0.03 0.43 9.17 <.001 0.22 0.34 Supported 

a Dependent variable: log PP 

 

 Mediator Analysis 

 

Table 13 Summary of Risk Management as Mediator between Independent Variables and Dependent Variable 

IV Direct effect (IV – DV) Indirect effect (IV – MV – DV) MV - DV Remarks 

HRM (H7) (B = .54, t = 24.74, p < .001) B = .12, t = 5.13, p < .001 (95% 

CI .07 to .18) 

(B = .49, t = 21.40, p < .001). Supported 

SQ (H8) (B = .55, t = 28.73, p < .001) B = .16, t = 6.01, p < .001 (95% 

CI .10 to .21) 

(B = .46, t = 18.06, p < .001) Supported 

PRM (H9) (B = .55, t = 33.83, p < .001) B = .22, t = 8.44, p < .001 (95% 

CI .15 to .28) 

(B = .40, t = 15.03, p < .001) Supported 

TECH (H10) (B = .53, t = 28.39, p < .001) B = .17, t = 7.17, p < .001 (95% 

CI .12 to .21) 

(B = .45, t = 19.08, p < .001) Supported 

LS (H11) (B = .55, t = 32.19, p < .001) B = .20, t = 7.79, p < .001 (95% 

CI .014 to .27) 

(B = .42, t = 16.03, p < .001) Supported 

SP (H12) (B = .56, t = 36.39, p < .001) B = .24, t = 8.74, p < .001 (95% 

CI .17 to .32) 

(B = .37, t = 12.98, p < .001) Supported 

 

 Theoretical Implications 
The results for this research regarding the relationship 

between independent variables and dependent variables was 

described and the mediator effect that influenced the 

outcome.  

 

From the multiple regression analysis validated the 

hypotheses as shown in Table 13, it was noted that the risk 

management when treated as independent variable before 

the effect as mediator, indicated as the top highest priority 

with (β = .43, p = < .001 < .05), followed by strategic 

planning (β = .19, p = .001 < .05) and process management 

(β = .19, p = < .001 < .05), the leadership with (β = .11, p = 
.04 < .05), and the technology with (β = .10, p = .01 < .05). 

Hence, H3, H4, H5, H6 & H7 were supported. The multiple 

regression analysis also concluded human resource 

management and service quality were not positively 

significantly related to project performance with (β = .01, p 

= .78 > .05), and (β = -.05, p = .39 > .05) respectively. 
Hence, H1 and H2 were rejected. 

 

From the theoretical perspective, the results of this 

research was supported by the findings that TQM practices 

were consistent predictors of project performance. 

According to Shirinda (2019) and Urbański et al. (2019), 

they investigated the relationship between risk management 

and performance success and concluded that knowledge of 

risk management could save cost, time and quality. 

According to Jong et al.(2019), strategic planning is 

regarded as one of the most important aspects for project 

success and a lack of planning will almost certainly result in 
failure. According to Aslam et al. (2019) and Guadalupe 

(2020), they supported the process management indicating 

collaboration among stakeholders during design process 

could reduce design error during construction. Guadalupe 

(2020) stressed on process management importance in 
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tunnel construction to achieve safety. According to  Al-

Subaie et al. (2021), they found that transformational 

leadership positively significantly related to mega project 

performance. According to Karmakar & Delhi (2021) and 

Roslan et al. (2022), they concluded people-process-

technology and digital transformation improved 

sustainability, site safety and reducing risks. The human 

resource management analysed was insignificant could be 
an isolated case as journal articles stated in contrast citing 

Dandage et al. (2021) that Project risk management (PRM) 

and human resource management (HRM) are two critical 

success factors (CSF) that had a great influence on the 

international project management leading to project success 

and performance. The insignificant result of the service 

quality from the analysis was supported by Forsythe (2015) 

where little had been done to understand how it affected 

customer satisfaction during construction stage. Al-Momani 

(2000) emphasised that poor perofrmance was caused by a 

lack of attention paid to the satisfaction of the owners when 
he examined factors that could influence project success in 

contractor service quality. 

 

The mediator analysis as shown in Table 14, indicated 

that risk management as mediator significantly mediated the 

relationship between the independent variables and 

dependent variable indicating independent variables had 

direct and indirect effect on project performance. Hence, 

supported the hypotheses H7 to H12. According to Kallow 

et al. (2022), they examined the effects of risk management 

practices on project  success and found that risk coping 

capacity mediated the relationship between risk management 
practices and project success.  

 

The analysed results from the multiple regression 

analysis indicated that both the Human resource 

management (HRM) and service quality (SQ) are not 

significant as the p values for both exceeded .05. The 

analysed results for mediator analysis when risk 

management being treated as a mediator indicated that both 

the HRM and SQ are significantly positive. 

 

The contradiction among the analysed results could be 
of a subject of interest for future studies. The reason that can 

be traced lied on the fact that when risk management being 

treated as independent variable while perfoming the multiple 

regression analysis, the r value for correlation indicated 43% 

at which was considered as high value when compared with 

other independent variables. The mediator analysis with risk 

management indicated both direct and indirect relationship, 

hence indicating partial mediation. From both the analyses, 

risk management shown high influence on the relationship 

of independent variables and project performance. Hence, 

the risk management with PESTLE analysis on mega project 

should be carefully analysed to maintain compliance of 
Health Safety and Environment (HSE), Quality Assurance 

Quality control (QAQC), profitability and sustainability 

with competitive advantages.  

 

 

 

The above-mentioned journal articles emphasised on 

the importance of TQM theory and service quality theory to 

explore on the implementation and barriers of TQM 

practices. The TQM practices like the HRM being explored 

and noted that it is insignificant but is in general 

contradicting to Dandage et al. (2021) finding where project 

risk management (PRM) and human resource management 

(HRM) are two critical success factors that have great 
influence on mega project success. Similarly, the service 

quality indicated insignificant but is contradicting to Al-

Momani (2000) finding where customer satisfaction is 

important to contractor service quality. Forsythe (2015) 

supported the fact that little knowledge to understand 

customer satisfaction during construction stage.  

 

The literature reviews supported and in line with the 

fundamental theories of TQM. As stated by Bathaei et al. 

(2021) TQM theory comprises senior management support, 

employee participation, continuous improvement, focus on 
customers satisfaction, and innovation. The five pillars of 

TQM regarded as product, process, organisation, leadership, 

and commitment which is equivalent to IR4.0 as people, 

process, and technology. The service quality theory stated by 

Parasuraman et al. (1988) on tangibles, reliability, 

responsiveness, assurance, and empathy together with Landy 

et al. (2020) and Zygiaris et al. (2022) emphasis on new 

success factors with aesthetic quality, design, attention in 

task execution, and innovation beside what stated by 

Parasuraman et al. (1988) is in line with the above stated 

literature reviews. It is concluded that the adopted 

fundamental theories do apply the relevancy of the 
philosophies to the related subject elements. 

 

 Managerial Implication 

Using the SPSS ver27 software, univariate analysis as 

shown in Table 4, indicated the results of age group, the 

education group, and years of experience were statistically 

insignificant with relationship on project performance. The 

current job function groups indicated with significant 

relationship with the project performance. The above 

analysis results indicated that practically if project teams 

with relevant years of experience and qualification and with 
knowledge base of the job categories would not pose any 

problem to the project performance. From the findings, it 

was clear that respondents’ personal qualification and status 

were not the contributing factor, but the team effort was 

obviously the most prominent contribution toward project 

performance success. Result from different industry group 

had significant relationship on project performance mainly 

on trading, construction, and design consultant group, others 

were insignificantly related. The results of the project 

performance from real time monitoring data group, the ESG 

legacies group, the energy saving group, and the digital 

workforce group as shown in Table 4, were statistically 
significant on project performance. The results indicated that 

team awareness on TQM practices, real time monitoring, 

ESG salient, energy saving, and digital transformation were 

essential and would lead to project performance. 
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It is interesting to note that for ECRL mega project, in 

the multiple regression analysis the risk management, r for 

correlation (43%) was the most important subject that 

should be seriously emphasised in agreement with journal 

articles that emphasised on risk management according to 

Kallow et al. (2022).  

 

Project risk management (PRM) and human resource 
management (HRM) were two critical success factors (CSF) 

that had a great influence on the international project 

management leading to project success and performance 

according to Dandage et al.(2021). Risk management as 

indicated played an important role in ECRL mega project 

which could be affected by Political, Environmental, Social, 

Technological, Legal and Economic (PESTLE). The 

suspension of the project (Malaymail, 2019) in 05.07.2018 

and work resumed again in 25.07.2019  were  obvious signs 

of political and legal risks whereas the shortage of skilled 

labourers during Covid-19 pandemic were due to  social and 
environmental risks. The chances of tunnel collapsed during 

construction stage due to unpredicted terrain was the 

technological risk. The rise in construction material and 

consumption usage of fuels during construction stage caused 

by unforseen circumstances recently example the Russia and 

Ukarian war and the impact of US-China trade tensions  

(Eugenio 2019) were another economic risk faced by ECRL 

project. The above indicated the importance of risk 

management with PESTLE analysis in mega project 

performance could lead to compliance of Health Safety and 

Environment (HSE), Quality Assuarance Quality control 

(QAQC), sustainability with competitive advantages, and 
profitability. 

 

The Process management and strategic planning both 

with (19%) each were equally important especially in the 

construction of tunnelling. The right and improved process 

management in QAQC procedure and design process control 

during design and construction stage, and proper strategic 

planning on equipment selection and usage for example the 

tunnel boring machine (TBM), and experienced and well-

trained manpower for such categories of works should be 

adopted. Leadership and technology each contributed 
roughly 10% of the effects were mainly on the management 

and backup services with the latest technology. The human 

resource management and service quality were insignificant 

and completely not contributing could be an isolated case 

and oversized as journal articles stated in contrast citing 

Dandage et al. (2021) and (Forsythe, 2015). The 

contradiction of the results from multiple regression analysis 

and the mediator analysis with risk management was 

explained above where risk management was of high 

influence on mega project performance. The insignificant 

results on the human resource management and service 

quality did not necessary mean that they were not important. 
Analysis of the result indicated not significant but 

practically, they could lead to unforeseen circumstances. 

Fatality on construction sites and public complaints on 

environmental issues indicating customer dissatisfaction 

were examples that could affect human resource 

management and service quality where continuous training 

and improvement to meet customers satisfaction were 

essential. Further, managerial commitment to empowerment, 

incentives, awards, and compensation should be 

strengthened in ensuring service quality delivery. 

 

VI. LIMITATION AND FUTURE RESEARCH 

 

The unit of analysis adopted only covered certain 

sections might not truly represent the actual trend and larger 
sample size could be adopted. The delimitation also because 

of practical reasons, such as lack of time or financial 

resources to carry out a more thorough investigation. The 

other independent variables like Corporate Social 

Responsibility (CSR), managerial attitudes, and coercive 

pressures on environmental sustainability performance 

should be considered (Ajibike et al., 2021; Karunathilaka et 

al., 2021; De Koker, 2020). The consideration of importance 

of environmental green strategies as independent variable 

(Marguerite Nyhan et al., 2019; O'Mard, 2020). Another 

limitation is the avoidance of the ethical and contractual 
issues as this is still an on-going mega project between 

bilateral governments. 

 

Future research could base on the organizational 

culture as a qualitative study which had great influence 

especially for international organization. This study was 

conducted in Malaysia could not be generalized for other 

regions; therefore, future researchers could explore other 

regions. The time horizon adopted was the cross-sectional 

type and the study on the phenomena and data was collected 

at a single point of time. Future research could adopt a 

longitudinal study of TQM practices at the end of 
construction period. The dependent variable, project 

performance concentrated mainly on Health Safety 

Environmental (HSE), Quality Assurance Quality Control 

(QAQC), and sustainability but only the project performance 

as a unit was analysed. This ECRL project study could be 

adopted for further study on other discipline and even for 

smaller construction projects. 

 

VII. RECOMMENDATIONS 

 

The results from the multiple regression analysis and 
mediator analysis with risk management indicated that risk 

management top the priority and had high influences in the 

relationship between TQM practices and project 

performance, hence due consideration should be addressed 

to PESTLE analysis on this mega project. The human 

resource management and service quality were indicated as 

not significantly but there were signs of complaint from 

public on the environmental issues and fatality cases that 

happened. It is recommended that proper continuous training 

and improvement on human resource management and 

service quality are essential to improve customers 

satisfaction. It is also recommended that corporate social 
responsibility (CSR) especially on Environment Social and 

Governance (ESG) legacies to promote sustainability on 

such mega project. It is recommended that improvement to 

Quality Assurance Quality Control (QAQC) process 

management, design process management during design and 

construction stage, and Health Safety and Environment 

(HSE) awareness training and improvement are adopting the 
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digital technology transformation. The digital technology 

transformation in tunnel management instead of traditional 

method should be adopted. The ECRL project processes can 

be recommended for national policy improvement especially 

on the ESG concept adopted on the alignment with 

minimum disturbance to environment. 

 

VIII. CONCLUSIONS 
 

In general conclusion, the study has revealed the 

relationship between TQM practices and the project 

performance with the mediator of risk management in the 

ECRL project.  

 

In respond to the research questions RQ1, Multiple 

regression analysis as shown in Table 13, indicated the 

influence of the TQM practices; process management, 

technology, leadership, and strategic planning were found to 

be positively significantly related to project performance 
except the human resource management and service quality 

which were found to be insignificant. Hence, H1 & H2 were 

rejected. H3, H4, H5, H6 were accepted. The study findings 

indicated that risk management (43%) when treated as 

independent variable initially had the greatest influence on 

project performance, followed by strategic planning (19%) 

and process management (19%), leadership (11%), and 

technology (10%). The findings also indicated that human 

resource management (1%) and service quality (-5%) were 

not significantly related to project performance.  

 

In respond to research question RQ2, Mediator 
analysis as shown in Table 14, indicated that risk 

management did mediate the impact between TQM practices 

and project performance in ECRL project. The confidence 

interval for the indirect effect did not straddle a zero in 

between, this supported the presence of mediation effect 

(Memona et al., 2018). The regression weights for the all the 

six independent variables reduced but remained significant 

conforming partial mediation. The independent variables 

had direct as well as indirect effect on project performance 

through risk management as mediator. Hence, H7- H12 were 

supported based on the findings.  
 

In respond to research question RQ3, Summary of 

Univariate Analysis and ANOVA as shown in Table 4, 

indicated the companies were aware of TQM practices, ESG 

salient, energy saving, practising digital and real time 

monitoring in area of safety that could help in the smooth 

running of the project. The results from age group, education 

group, years of experience group, and job level group 

indicated that they are all insignificant implying that they 

are not the contributing factors to the succes of project 

performance. Whereas the other groups like the job function, 

industry, employee, TQM, real time monitoring, ESG 
legacies, energy, and the digital workforce group are 

significant to the success of project performance. In general 

the above information implied that personal profile are not 

the critical part for project success but the awareness of the 

role of teamwork and knowledge of environmental 

sustainability with digital transformation in collaboration 

with stakeholders on ESG and safety issues are the 

contributing factors.  

 

Theoretical implications and the Managerial 

implications indicated that results were in concurrence with 

relevant journal articles and supported the findings that 

TQM practices were consistent predictors of project 

performance. It is to be concluded that risk management 
should be considered as top priority in PESTLE analysis for 

mega projects. Finally, the researcher concluded that the 

results from findings fulfilled the indicated research 

objectives and answered the research questions developed in 

the study. 
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