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Abstract

Purpose — Construction sites are among the most hazardous working environments globally, with over 108,000
fatal accidents recorded annually. Contractors’ significant role in implementing safety in construction sites has been
emphasized. However, a contractor-driven safety framework that addresses the multifaceted safety challenges of
complex projects like mass rapid transit (MRT) is lacking, undermining contractors’ potential to ensure the safety
of construction workers. This study aims to develop the construction safety improvement framework (CSIF) to
enable contractors to effectively address emerging challenges in construction safety management.
Design/methodology/approach — A case study of an ongoing MRT construction project in Malaysia was used.
Data collection included in-depth interviews and focus group discussion with contractors, engineers, and safety
managers in MRT projects. Data was analyzed via thematic content analysis, to inform the development of CSIF.
Findings — The findings illustrate CSIF components, which encompass five pivotal safety improvement
measures: gamified training, mental health support, technological advancements, environmental health, and
emergency preparedness.

Originality/value — This paper’s originality stems from the development of the CSIF, which introduces a
comprehensive and forward-thinking approach to improving construction safety, going beyond conventional
methods. By incorporating recent advancements, this research makes a unique contribution to the theoretical
foundation of construction safety and provides valuable insights into safety practices designed for complex
construction projects.
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1. Introduction

The construction industry is a dynamic driver of a country’s economic growth through
infrastructural development, provision of employment and revenue generation (Awolusi and
Marks, 2017). Unfortunately, construction work is one of the most dangerous occupations,
with alarming rates of occupational injuries, illnesses and fatalities compared to other
industrial jobs (Khalid et al., 2021). According to the International Labor Organization (ILO)
report, globally, approximately 108,000 workers lose their lives in construction sites yearly
due to accidents, and many others suffer from occupational diseases arising from
environmental pollution and past exposure to dangerous substances. In developed countries
like the USA, Occupational Safety and Health Administration (OSHA) reported about 5,486
fatal work injuries in 2022, with construction accounting for a significant portion. In
developing countries like Malaysia, the Department of Occupational Safety and Health
(DOSH) reported 159 construction accidents, including 45 fatalities in 2023. Despite the
projected investment of over MYR46bn, the mass rapid transit (MRT) construction project in
Malaysia has experienced eight fatal accidents, seven cases of permanent disability and 19
instances of temporary disability within the past four years [Juhari and Arifin, 2020;
Department of Occupational Safety and Health (DOSH), 2023].

The reoccurring construction-related accidents have several consequences, such as physical
and psychological effects on accident survival, loss of lives and trauma to the family members
(Versteeg et al., 2019); direct costs, including equipment damage, treatment of injuries and
interruption of workers’ income, which disrupt families’ livelihood (Ebekozien et al., 2023).
Furthermore, Hislop (1999) hammered on indirect costs such as delays, increases in insurance
and workers’ compensation premiums, legal fees, etc. According to OSHA (2022), the “Fatal
Four,” which includes falls, struck-by incidents, electrocutions, and caught-in/between accidents,
are the leading causes of accident fatality in construction sites. Thus, established health and safety
organizations are making significant efforts to ensure safety in construction sites. For instance,
OSHA organizes initiatives like the National Safety Stand-Down to Prevent Falls in Construction,
raising awareness and educating employers and workers about fall hazards [Occupational Safety
and Health Administration (OSHA), 2022]. Similarly, the Health and Safety Executive (HSE) in
the UK implements regulations to improve safety standards, focusing on risk assessments, safety
training, and enforcement of safety laws [Health and Safety Executive (HSE), 2021]. In Malaysia,
DOSH promotes safe working environments by conducting site inspections and implementing
regulatory interventions through the Construction Safety Division to prevent accidents on
construction sites [ Department of Occupational Safety and Health (DOSH), 2024].

While these efforts have contributed in reducing the number of fatalities in construction sites,
issues of unreported death mask the true extent of construction accidents. Moreover, accidents
persist in the construction industry, evident in ILO (2022) report that the global construction
accident fatality rate remains at approximately four per 100,000 construction workers.
Furthermore, Tan et al. (2022) cited a fatality rate of 6.3 per 100,000 construction workers in
Malaysia’s construction industry, which is high compared to other industries. While it is
compounded by several critical factors and requires a collective effort, the construction
industry’s safety challenges are predominantly rooted in contractor oversight and negligence
[Hislop, 1999; Department of Occupational Safety and Health (DOSH), 2023; Hadi et al.,
2024]. This negligence is attributed to contractors’ implementation of ineffective safety
measures (Ahmed and Hoque, 2018; Giri et al., 2023). These issues exemplify the troubling
trend of subpar subcontractor management, the absence of comprehensive inspection and test
plans and a noticeable dearth of fundamental safety training (Juhari and Arifin, 2020; Harahap
et al., 2024; Buniya et al., 2024). This highlights the need for a well-established strategic safety
framework for contractors to effectively incorporate safety measures in construction sites.
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Although contractors’ role in construction safety and health has been examined, existing
studies focus on various aspects due to the fragmented nature of the construction sector. For
instance, Teo and Feng (2011) investigated the financial losses incurred by building
contractors in Singapore due to construction accidents. Smallwood (2017) explored the
impact of third parties in implementing contractors’ safety measures on construction sites.
Manu et al. (2013) evaluated contractors’ health and safety practices across South Asian
countries, including Malaysia. These studies provide background knowledge on safety
practices but did not specifically focus on framework development. Regarding construction
safety framework, Teo et al. (2016) developed a conceptual framework for a BIM-based
site safety practices. Nnaji et al. (2018) developed a more robust theoretical framework that
uses safety technologies to reduce construction accidents. Similarly, Mahmoud et al. (2022)
developed a self-regulatory framework to enhance safety performance at the construction
stage. Recently, Jain et al. (2024) developed a machine-learning-based framework
specifically for contractor selection and order allocation in public construction projects
considering sustainability, risk, and safety.

However, prevailing safety frameworks are often generic, lacking the specificity needed
to address contractor challenges in complex projects. Furthermore, most of the established
frameworks focus on isolated safety aspects rather than comprehensive solutions. For
example, aspects like mental support and advanced training (Frimpong et al., 2025),
environmental health (Zabidi et al., 2024), and emerging technologies (Zoleykani et al.,
2024; Mohy et al., 2024) have been ascertained to effectively prevent accidents in
construction sites. However, these components are studied in isolation, and how they can be
integrated into a unified construction safety framework to enable contractors to effectively
reduce accidents in complex construction projects is uncertain. As a result, there remains a
lack of a contractor-driven safety framework that addresses the multifaceted safety
challenges of complex projects like MRT, undermining contractors’ potential to ensure the
safety of construction workers (Sankar and Anandh, 2024; Hossain et al., 2025). This leaves
critical gap in contractor-driven safety management, worker well-being, and risk mitigation
in MRT construction projects. This is where the novelty of this current study lies, in filling
the critical gap, by developing construction safety improvement framework (CSIF)
specifically tailored for MRT projects.

The futuristic CSIF will enable contractors to effectively address emerging challenges in
construction safety management, inherent to large-scale infrastructure construction. Safety is
a philosophy that identifies and eliminates job site hazards throughout the lifecycle of a
project, which is far from craftsmen wearing headsets on construction sites. Hence, it is
paramount to establish and enforce robust and contemporary construction safety measures to
minimize accidents, ensure the timely completion of projects, and improve contractors’
performances and client satisfaction (ILO, 2022; Smallwood, 2017). The framework
emphasizes proactive measures and represents a significant advancement over traditional
reactive safety protocols. To achieve the overarching aim of this research, the following
research objectives (ROs) are outlined:

RO1. Identify the critical construction safety improvement measures.
RO2. Develop the construction safety improvement framework.
RO3. Validate the developed construction safety improvement framework.

The CSIF is grounded in empirical evidence gathered from multiple case studies and data
triangulated via a focus group discussion (FGD), providing a robust foundation for practical
implementation. Also, CSIF development is grounded on the Swiss cheese model — safety
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CI concept for understanding and managing complex systems and their associated risks

25,7 (Othman et al., 2018 Shabani et al., 2024). This study not only contributes to academic
discourse but also offers a practical tool for policymakers, project managers and safety
practitioners to enhance safety performance, reduce workplace incidents and improve overall
project outcomes in the MRT construction sector.

192 2. Literature review

2.1 Contractors’ role in construction safety improvement

Construction site safety remains a critical concern globally, with significant implications for
workers’ health and economic costs. According to the Bureau of Labor Statistics’ Census of
Fatal Occupational Injuries (2023), the US construction industry experienced 1,075
fatalities, marking the highest number since 2011. According to Manzo (2017), fatalities in
the US construction industry result in approximately US$5bn in annual economic losses,
including lost productivity, health-care expenses, and lost family income, while also causing
significant social impacts such as reduced quality of life. In the UK, 138 work-related
fatalities were reported between 2023 and 2024, with the construction sector accounting for
51 deaths. Consequently, this costs the UK construction sector approximately £1.29bn
annually in medical treatment, compensation, and welfare support for injured workers
[Health and Safety Executive (HSE), 2024a, 2024b]. In Malaysia, the construction sector
records the highest occupational fatalities compared to other sectors (Zermane et al., 2020).
According to DOSH, of 150 workplace fatalities, 37% occurred in construction, while 28%
occurred in manufacturing (Ayob et al., 2018). Major projects in Malaysia, such as the MRT,
have also seen rising accident rates, with eight fatal incidents and numerous temporary and
permanent disabilities reported in 2023, despite a projected investment of over MYR46bn
[Juhari and Arifin, 2020; Department of Occupational Safety and Health (DOSH), 2023].

Preventing accidents throughout all stages of construction projects requires proactive
safety measures and protocols that adhere to established regulations and standards
(Mohandes et al., 2023). Construction safety is among the fundamental measures of
contractors’ performance. Karakhan et al. (2018) recommend that the first approach to
ensuring safety in construction sites is to evaluate the safety maturity of construction
contractors before awarding the contract to ensure safety, quality and completion of the
project within the scheduled time and available resources. The contractors’ safety maturity is
reflected in the clarity and alignment of their safety policies with industry standards and
regulations (Duryan et al., 2020). The contractors’ construction safety research and practices
are grounded on seminal literature and accident causation models, providing insights into
key challenges and opportunities for improvement. Foundational studies like Hinze (1997)
provided early insights on the role of contractors in enforcing effective communication of
construction safety measures to enhance safety and health practices. Tam et al. (2004)
extended this perspective by identifying deficiencies in contractor-led safety management,
highlighting that issues such as inadequate training and risk assessments undermine overall
site safety performance.

This is further complemented by Holt’s (2008) assertion that poor contractors’ safety
management strategies, including low technology adoption and inadequate incentives to
motivate workers, are key barriers to effective safety practices on construction sites. In
addition, Manu et al. (2013) emphasized the need for main contractors to collaborate with
subcontractors and site supervisors to evaluate and address environmental safety challenges.
Building upon the trajectory of the foundational studies, recent researchers have advanced
construction safety literature, integrating emerging technologies to drive contractors’ safety
practices. Jahanshahi et al. (2017) suggested the use of emerging technologies like swarm
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robots for patrolling the construction sites to identify leaks, unstable excavations and other
potential risks faster than human inspections. Also, the use of quantum computing has been
proposed by Bova et al. (2021) as an effective approach that has the potential of providing
contractors with real-time sensor data to predict potential hazards. Similarly, BIM, computer
vision, deep learning, and extended reality are notable technologies that contractors can
harness to ensure a safer working environment for construction workers (Zoleykani et al.,
2024; Mohy et al., 2024).

Osei-Asibey et al. (2021) recognized the potential of the emerging technologies but
highlighted concerns over their lack of seamless integration for effective construction safety
communication. Moreover, Duc (2024) argued that contractors rarely harness emerging
technologies for emergency preparedness, despite their potential to reduce fatal and nonfatal
construction accidents. Effective implementation of emerging technologies in construction safety
practices requires careful consideration of costs, contractor expertise, and workers’ training
(Okpala et al., 2020). Considering these factors at the initial stage of the construction project is
vital for contractors to establish a strong safety-focused approach. Furthermore, achieving
successful safety implementation on-site requires an adequate leadership commitment to safety by
the contractors (Indrayana et al., 2023). However, 70% of the accidents on construction sites result
from contractors’ negligence and noncompliance with established safety regulations (Zailani
et al., 2023; Department of Occupational Safety and Health (DOSH), 2023]. This negligence has
not only led to tragic fatalities but has also left families grappling with the aftermath of these
incidents, often with little or no compensation, thereby casting a dark shadow on the construction
industry and the livelihoods of those who ventured into it. Therefore, a robust safety framework
that is deeply rooted in accident causation models must be adopted by contractors to ensure a
systematic approach to integrating safety measures into the project planning and execution.

Among the prominent and enduring accident prevention theories is the Heinrich accident
pyramid, which suggests that reducing minor incidents will proportionally decrease severe
accidents (Heinrich, 1931). However, the theory oversimplifies the complexity of modern
construction risks by assuming a linear relationship between incident severity and frequency,
which does not fully capture the complexities of large-scale projects like MRT construction. By
contrast, the reasons theory, often referred to as the Swiss cheese model, provides a more
realistic view of accidents in complex systems. The reasons (1990) theory explains that
accidents happen when multiple safety barriers fail at the same time due to hidden weaknesses
(latent conditions) and human errors (active failures). This approach aligns with the realities of
complex construction projects, where contractors must navigate interdependent safety barriers
during design, construction, and supervision while conducting training and integrating
technology to minimize construction site accidents. The Swiss cheese model is superior as it
accounts for systemic vulnerabilities, regulatory gaps and human factors, making it an ideal
foundation for a robust contractor safety framework for complex projects like MRT.

2.2 Existing safety frameworks, limitations and contemporary approaches

The role of contractors in minimizing construction accidents has been emphasized (Teo and
Feng, 2011; Ali and Omran, 2016). As a result, various construction safety frameworks have
been established to enable contractors to effectively improve overall project safety. For
instance, Ng et al. (2005) developed a framework for evaluating the safety performance of
construction contractors. While the study can only be applied to assess performance rather
than improving contractors’ performance, it provides a concrete background to further
research in the domain of construction safety. Subsequent studies such as Teo et al. (2016)
developed a theoretical framework of the proposed BIM safety system to facilitate the efforts
to enhance safety performance in construction sites. Nnaji et al.’s (2018) theoretical
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CI framework provided a concrete foundation for contractors’ to improve safety in construction
25,7 sites. Mahmoud et al. (2022) developed a self-regulatory framework to enhance safety
performance at the construction stage. Hussain et al. (2023) proposed a conceptual
framework for safety training for migrant construction workers using virtual reality
techniques. In a more recent study, Jain et al. (2024) developed a machine-learning-based
framework specifically for contractor selection and order allocation in public construction
194 projects, considering sustainability, risk, and safety.

However, the existing frameworks narrowly focus on isolated safety aspects rather than
comprehensive solutions, hindering contractors from tackling the multifaceted safety
challenges in complex construction projects. For example, aspects like mental support and
advanced training (Frimpong et al., 2025), environmental health (Zabidi et al., 2024), and
emerging technologies (Zoleykani et al., 2024; Mohy et al., 2024) have been ascertained to
effectively prevent accidents at construction sites. However, these components are studied in
isolation, and how the can be integrated into a unified construction safety framework to
enable contractors to effectively reduce accidents in complex construction projects is
uncertain. As a result, there remains a lack of a contractor-driven safety framework that
addresses the multifaceted safety challenges of complex projects, undermining contractors’
potential to ensure the safety of construction workers (Sankar and Anandh, 2024; Hossain
et al., 2025). Moreover, Noorliza and Isha (2023) have stressed the lack of contractors’ safety
protocols that are precisely customized for the unique context of complex projects like MRT
construction. This highlights a significant gap in contractor-driven safety management,
worker well-being and risk mitigation in complex projects like MRT construction.

To address the knowledge gap, it is necessary to strictly consider the complexity and
heterogenous nature of construction projects such as the involvement of numerous
stakeholders, intricate logistics and multifaceted project phases. This is to ensure the
establishment of a clear pathway for contractors to effectively implement safety measures,
thereby averting accidents on construction sites (Chen et al., 2021). This requires
incorporating contemporary safety and environmental health measures, technological
advancements, workers’ training and mental well-being, contractors’ competence and
emergency responses to minimize accidents in evolving construction practices beyond the
state of the art. Hence, this study reviews fragmented studies on construction safety to
identify the contemporary safety measures that can enable contractors to improve safety
practices during the construction phase of building projects. Table 1 shows contemporary
safety measures for contractors to improve safety in construction sites.

Table 1. Construction safety measures for contractors

Gamified Mental health Technological Environmental Emergency
Sources training  support advancements health preparedness

Rivera et al. (2024) v

Tohlob and Morsi (2024) v
Guimaraes et al., 2023) v

Zhang et al. (2024) v
Bova et al. (2021)

Jahanshahi et al. (2017)

Bansal and Bhattacharya (2024) v
Zareba et al. (2021) v

AN
ANAN

Source(s): Authors’ own work (2025)
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The safety measures were retrieved from numerous safety literature sources and remain
fragmented, with no study attempting to integrate them together to form a robust framework
of safety measures for construction contractors. Besides, a detailed discussion of the sub-
measures that constitute each primary safety measure remains lacking in existing studies,
justifying the need for more in-depth investigation. Therefore, this study aims to develop the
CSIF to enable contractors’ management to address emerging challenges in construction
safety management effectively. The methodology adopted to actualize the research aim is
discussed in the subsequent section.

3. Research methodology

A qualitative research method was adopted to actualize the aim of this research. As viewed
by Islam and Aldaihani (2022), qualitative research is a method that focuses on
understanding and interpreting the meaning and experiences of individuals or groups within
their natural context, providing in-depth insights into complex phenomena. The
methodology adopted in this study shown in Figure 1 is adapted from Creswell’s (1998)
qualitative research approach and adjusted to suit the scope of this current study. The
interview questions were guided by the six generic construction safety measures for
contractors, identified via literature review. As part of the reliability and validity test
proposed by Masrom et al. (2024), the developed interview questions were validated by two
participants from industry and academia in a pilot interview. The questions were

Development Questions validated via
questions } pilot interviews.

Purposive Sampling Technique 20 Interviewees

The MRT Real
Case Project , } 10 focus group participants

.-
4 \

1

!| DamCollection | [ Conduct & record nterview ]

1 1

1 | Transcription | | Transcribe recorded interview to text. | 1
Thematic 1 1
Content 1| Opencoding | 1dentify initial themes and patterns |
Analysis 1

y 1 | Theme development | Develon th ndbih

1 & analysis L

1

\

E
Discussion Triangulation E

Figure 1. Qualitative research process flow
Source(s): Authors’ own work (2025)
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CI subsequently refined and narrowed to align with the study’s scope. Also, semi-structured
25,7 interview questions were adopted as recommended by the interviewees. Compared to
unstructured and structured interviews, the semi-structured interview is more flexible and
creates two-way communication between the interviewer and interviewee, allowing for in-
depth information about the research topic or issue (Ohueri et al., 2023). The main interview
was conducted with construction experts participating in the MRT real case project.
196 The case study and qualitative approaches were selected because they are well-suited for
exploring complex, context-specific phenomena such as construction safety in MRT
projects. The case study approach enabled an in-depth investigation of real-life construction
scenarios, allowing the research to identify and analyze safety measures within their
operational context. The qualitative methodology aligned with the research design by
providing rich, detailed data through interviews and thematic analysis, which are essential
for understanding nuanced safety challenges and practices. An interview protocol was
structured to explore key areas related to construction safety improvement, including current
safety practices and their effectiveness; challenges faced in implementing safety measures;
stakeholders’ perspectives on safety culture; factors influencing safety outcomes; and the
interview protocol included open-ended questions to encourage in-depth discussions and
probe follow-up questions to gather detailed insights.

The interviews were conducted over two months, each lasting approximately 45—60 min,
depending on the participant’s availability and depth of responses. The main constraint for
data collection was organizing a suitable time for the interview as conflicts with study
participants due to their busy work schedules and initial reluctance to share detailed
information. However, these were addressed subsequently by offering flexible interview
timings and ensuring confidentiality by reaffirming the purpose and significance of the study.
The sampling size was determined using the principle of data saturation, where additional
interviews no longer yielded new information or themes. A total of 20 participants were
included, which was sufficient to achieve a comprehensive understanding of the research
questions. Participants were included in the study if they had direct experience in safety
management for MRT construction projects and at least ten years of industry experience.
Exclusion criteria included professionals not involved in MRT projects or lacking safety
management responsibilities. This ensured that the data collected was relevant and
insightful.

In relation to confidentiality, study participants’ rights were protected through informed
consent, obtained before the interviews. Confidentiality was maintained by storing data
securely and anonymizing participant information in the analysis and reporting stages.
Participants were assured that their responses would be used solely for academic purposes.
Ethical issues noticeably seen from participants who felt comfortable discussing sensitive
issues related to safety failures. However, this was managed successfully by creating a non-
judgmental environment, ensuring confidentiality and clarifying that this research (data
collection) is aimed to improve safety, not concerning assign blame.

Study biases were managed by maintaining a reflexive research approach, which involved
regularly reflecting on personal assumptions and preconceptions. Data triangulation was also
used by combining interviews with secondary data, such as project documentation and safety
reports to validate the research findings. The data was coded using the thematic analysis
method. A six-phase process was followed: familiarization with the data, generating initial
codes, searching for themes, reviewing themes, defining, and naming themes and producing
the final report. This systematic approach ensured the identification of meaningful patterns.

The limitations of this study include reliance on qualitative data, which may be subject to
interpretation bias and its focus on MRT projects in Malaysia, limiting the generalization of
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findings to other contexts and different continents or countries. Additionally, the sampling size
is relatively small and may not fully capture the diversity of perspectives. However, this
research’s strengths lie in its context-specific focus on MRT projects, offering a tailored insights
into construction safety. The inclusion of public awareness as a factor is a novel contribution
and the use of a robust qualitative framework ensures detailed and actionable findings. The
proposed CSIF provides practical values for improving safety practices in future projects.

4. Mass rapid transit real case construction project
The MRT projects are significant infrastructure initiatives designed to provide efficient, rapid
transit systems in urban areas. In Malaysia, MRT projects have been instrumental in addressing
the country’s growing transportation needs, aiming to reduce traffic congestion and improve
urban mobility, particularly in major cities like Kuala Lumpur. As reported by the New Straits
Times, the construction of the MRT is projected to incur a cost of about RM46bn and is
recognized as the most expensive construction endeavor in Malaysian history. As reported by
Mass Rapid Transit Corporation (2023), the projects consist of three lines: MRT Circle Line
within Kuala Lumpur, MRT Klang and MRT Putrajaya, covering over a 20 km radius to service
high-density areas that are not serviced by any rapid transit system, as illustrated in Figure 2.
The MRT project currently has about 90 new stations, of which 26 will be in the city
center and provide ridership capacity to two million passengers daily. This massive project
comes with its shortcomings, especially in terms of accidents. The DOSH received reports of
34 occupational accidents during the initial four years of the MRT project. These incidents
encompassed eight fatal accidents, seven cases of permanent disability and 19 instances of
temporary disability (Juhari and Arifin, 2020), making it an ideal real case project for this
study. Considering that the MRT projects consist of several construction firms and enormous
contractors, this study applied a purposive sampling technique to select research samples
from the population.

O MRT stations
== Speculative MRT3 alignment
Ayer == MRT1 (Kajang)
Panas Semarak == MRT2 (Putrajaya)
KL Monorail
— LRT Ampang/Sri Petaling
LRT Kelana Jaya
KTM Line

Mont Kiara (4) Jalan Kuching
) (interchange with
Sri Hartamas e new KTM station)

@ Ampang Point

INTAN 9 @ Desa Pandan

@ Pandan Indah

(16) Taman Perdana

Bandar
umme Malaysia
(South)

Bukit Kiara
(interchange with
Kajang Line)

(17) Pandan Perdana

Universiti 18) Taman Midah

Pantai
Dalam

Figure 2. Mass rapid transit (MRT) case study project
Source(s): The Star online graphics (2021); https://malaysia.news.mr
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CI Purposive sampling was chosen due to the method allowing researchers to focus on
25,7 individuals or groups who can provide the most relevant, rich and detailed information about the
topic under investigation. Unlike random sampling, purposive sampling method does not aim to
ensure representativeness of the broader population. Instead, it prioritizes depth and insight
by including participants who meet predefined criteria, such as expertise, experience or
involvement in a particular context. For example, in a study on construction safety, participants
198 may be chosen based on their roles as contractors, safety managers or site supervisors within
specific construction projects. Purposive sampling is also particularly useful in qualitative
research, where the goal is to explore complex phenomena, generate detailed understandings
and uncover meaningful patterns. It enables researchers to maximize the value of their data by
engaging with individuals who are most likely to contribute to addressing the research
questions. Hence, 20 interviewees were carefully selected for the in-depth interview, comprising
contractors, engineers and safety managers in MRT projects to inform the development of CSIF.
The demographic information of the selected samples is provided in Table 2.

Table 2 highlights the wealth of experience possessed by the 20 interviewees, including
contractors, engineers and safety managers from three companies involved in the MRT
construction project. Noteworthy is that some respondents bring in a substantial 30 years of
work experience, underscoring their well-seasoned viewpoints. After the interview, ten
contractors and safety managers were selected for FGDs to validate CSIF, ensuring it covers all
relevant aspects of contemporary safety measures beyond the state of the art. This resonates

Table 2. Demography of interviewees and company profile

Years of Company’s safety Certification
Interviewee experience Position certification achieved body/year

Construction Company 1

Interviewees 20 Contractors Certificate of Achievement NIOSH. 2004
1,2,3and 4 (Rating of 4 Star) CIDB Malaysia.
Interviewees 15 The Malaysian construction 2016
5and 6 excellence award
Interviewee 10 National institute of
7 occupational safety and health

(NIOSH) excellence award

(gold winner)
Construction Company 2
Interviewees Between Contractors Occupational safety and CIDB Malaysia.
8,9and 10 25 and 30 health management systems 2015
Interviewees 15 Sub-Contractors (OHSAS)
11 and 12 The Malaysian construction

excellence award

MRT Corp standard and compliance division

Interviewees 10-13 Site engineer Environmental management Standards and
13, 14 and system (EMS) certification industrial

15 research institute
Interviewees 15-20 Safety manager of Malaysia

16, 17 and quality assurance
18 services (SIRIM
Interviewees 18 Civil engineer QAS)

19,20

Source(s): Authors’ own work (2025)
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with Sekaran and Bougie’s (2016) suggestion to engage knowledgeable participants for credible
research outcomes. Following this, the transcriptions of the interviews are presented, capturing
these insightful perspectives. Combining in-depth interviews and FGD enhances the data
richness and trustworthiness of the research findings (Lambert and Loiselle, 2008).

In qualitative research, the adequacy of sample size is determined when there is no longer
new information emerging from data collection. Rather than determining the number of study
participants, the study acquired data saturation with no new study themes emerging in the
interviews and FGD. This is the point where the sampling of 20 participants of the interview and
ten focus group members is considered appropriate as empirical evidence when data saturation
is achieved to ensure the scientific rigor of the study. Recent studies have explored the
relationship between sample size and data saturation in qualitative research. According to
Hennink and Kaiser (2022), code saturation or the point at which no new codes are identified
was often reached within 9-17 interviews, while FGDs achieved saturation within 4-8 sessions,
particularly in studies with homogenous populations and narrowly defined objectives.

Additionally, a similar study assessed saturation in FGDs and found that while initial code
saturation could be achieved with a few groups, a more comprehensive understanding of the
issues required additional sessions. They concluded that the number of focus groups needed
to reach saturation would also depend on factors such as group stratification and the
complexity of the research topic (Hennink, Kaiser and Marconi, 2017). This research used a
systematic method to evaluate data saturation such as iterative data analysis and constant
comparison of emerging themes to substantiate the adequacy of their sample sizes in
qualitative research. Document data from the case studies were also assessed for data
saturation to ensure that the sample size is sufficient for this study’s objectives. With the
evidence of saturation, the scientific basis of the study is strengthened, therefore eliminating
concerns about the completeness and reliability of research findings.

5. Thematic content analysis
Thematic content analysis was adopted to analyze the qualitative data collected in this study.
As viewed by Masrom et al. (2024), thematic content analysis involves the systematic
coding and categorization of data to identify reoccurring themes, which are then organized
into meaningful patterns. The thematic analysis applied in this study adhered to a systematic
five-step approach outlined in studies by Neuendorf (2018). First, a face-to-face interview
was conducted and recorded via the iPhone Operating System (iOS) recording device to
reduce the chances of information misinterpretation that could jeopardize the authenticity of
this research. The interviewees gave their consent to record the interview. Then, the recorded
interview was transcribed into text. Subsequently, the data was meticulously coded to reveal
emerging themes and patterns. Main and sub-themes were then identified within the coded
data. Ultimately, the research team systematically analyzed and interpreted these identified
themes, resulting in the identification of construction safety improvement measures.
Following this, the optimal connections is established between the established measures,
resulting in the development of a CSIF for contractors. The developed framework was
validated via FGD. This enabled the researcher to comprehensively understand individual
perspectives and group dynamics, leading to richer insights and a more nuanced
understanding of the research topic (Edley and Litosseliti, 2010). Data from the interview
and FGD was triangulated and cohesively interpreted (Ohueri et al., 2023), validating CSIF.
The essence of validating CSIF is to ensure its practical relevance and effectiveness in
reducing safety in construction sites. Validating research output helps confirm its reliability
and accurately captures its applicability, strengthening the overall rigor and credibility of the
research findings (Birkenmaier et al., 2023).
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6. Research findings

The first interview question was about gamified safety training practices for the construction
workforce. Interviewees 3, 8 and 10 suggested using virtual reality to train the construction
workforce via simulations for immersive hazard response. Similarly, Interviewee 12 pointed out
that “augmented reality practices, such as treasure hunts, can be used for safety education for
construction workers.” The importance of using blockchain-based incentives for contractors
that comply with safety regulations was highlighted by Interviewees 16, 17 and 18, who are
safety managers. According to Interviewee 18, “Safety compliance should be made attractive,
at least at the initial stage of the project, using advanced and transparent techniques.” As
postulated by Interviewee 15, “Contractors should try novel and practically effective means to
ensure safety in construction sites.” In support of this assertion, Interviewees 13 and 14
suggested that contractors should use neurofeedback-enhanced brain training games to regulate
cognitive functions, potentially reducing accident risks and enhancing safety awareness.

Another fundamental safety measure elaborated upon by the interviewees is the mental
health of construction workers. Interviewees 3, 9 and 19 stressed the need to apply modern
technologies, such as CRISPR-Cas9 technology, to modify genetic factors associated with
mental health disorders. This practice has the novel potential to prevent depression, anxiety
or schizophrenia, which have contributed to accidents on construction sites. However,
Interviewees 20 and 7 argued that most contractors do not have the financial budget for such
technologies. Against that standpoint, Interview 1 stated that “safety should be prioritized at
all costs,” suggesting the use of therapeutic means such as quantum mindfulness meditation
apps and Al-powered virtual therapist avatars. He stated that “these practices are not
common and should be normalized in construction safety practices for effective management
and avoidance of accidents related to the mental health of construction workers.” Notably,
Interviewee 14 recommended using biofeedback-controlled brainwave techniques to help
workers maintain focus and manage stress levels, thereby improving their decision-making.
He says, “Sound decision-making reduces accident risks, thereby safeguarding the workers
and public.”

A consensus emerged among the interviewees regarding the importance of leveraging
technological advancements as a dynamic’s safety measure in construction projects.
Interview 17 stated, “While several technologies have been established to effectively manage
safety issues, their adoption and implementation in construction practices remain low.” He
advised employing a competent workforce before implementing advanced technologies such
as quantum computing for real-time risk prediction and swarm robotics for dynamic hazard
detection. He continued, “These novel technologies have been proven to effectively reduce
accidents in other industries such as aviation, healthcare, etc.” Interviewees 2, 3 and 17
acknowledged the transformative potential of cutting-edge tools like Blockchain for
transparent safety compliance monitoring. Interview 20 suggested that adequate safety
measures require the contractors to do things differently, beyond business as usual. He stated:

Ambitious approaches such as Nanotechnology ought to be employed to autonomously detect and
repair structural damage, reducing the risk of accidents and ensuring the longevity of infrastructure on
construction sites.

Environmental health measures were collectively recognized by the interviewees as a critical
factor for the safety of construction workers, especially in complex projects. Interviewees 1
and 13 pointed out the value of genetically engineered microbes for bioremediation.
Interviewee 13 stated that “bioremediation involves breaking down hazardous contaminants
on construction sites, reducing environmental risks such as soil and water pollution, and
minimizing potential health hazards to workers and surrounding communities.” Similarly,
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nanotechnology was mentioned again as a means of self-cleaning surfaces. Other novel
practices were suggested by Interviewees 6 and 16, such as atmospheric water harvesting
systems to minimize harmful substances from the atmosphere and vertical farming towers
for biodiversity conservation.

Interviewees agreed that emergency preparedness is a crucial measure in construction
safety practices, but it is rarely discussed and practiced. According to Interviewees 1, 9 and
11, contractors should be informed on practical emergency actions and measures and
predictive analytics for proactive emergency response planning and hyperloop-based rapid
evacuation systems. Interviewees argued that construction accident fatalities could have
been reduced with the proper emergency practices. Interviewee 8 gave instances of the
building collapse, where construction workers were trapped in the rubble, and no workers,
including site engineers, had any clue on emergency practices to save some of the victims.
Similarly, Interviewee 5 hammered on emergency practices using quantum encryption for
secure emergency communication and Al-powered drone swarms for emergency supplies
delivery. Interviewee 5 stated, “Certainly, these are not regular safety practices in the
construction sector but have significantly contributed to saving lives in industries such as
manufacturing and automobile.”

7. Focus group discussion and validation of construction safety improvement
framework

Based on the transcribed interview data, themes and sub-themes of construction safety
measures were identified, resulting in the development of the initial CSIF with findings
illustrated in Table 3. The established framework was then evaluated by ten selected
contractors for FGD to ascertain the relevance of CSIF in industry practices, using the
ongoing MRT projects as a case study. The FGD participants evaluated the identified sub-
elements of CSIF and revised them, accordingly, considering several factors, including cost,
technical expertise, compatibility with existing systems, risk and sustainability.

8. Development of the construction safety improvement framework for contractors
The validated CSIF integrates key findings from in-depth interviews and FGDs, ensuring a
comprehensive and practical approach to enhancing safety performance among contractors.
The framework, as depicted in Figure 3, consists of five main safety improvement measures,
each addressing critical aspects of construction site safety. These measures encompass
regulatory compliance, safety training and education, hazard identification and risk
management, technological advancements and safety culture development. By incorporating
these elements, the CSIF provides a structured approach to mitigating safety risks, improving
contractor awareness and fostering a proactive safety environment. The 20 sub-measures
further refine these categories, offering targeted strategies such as mandatory safety training
programs, real-time hazard monitoring, digital safety reporting and leadership-driven safety
initiatives. Through this multi-layered approach, the framework ensures that safety
improvements are not only implemented but also sustained through continuous monitoring
and adaptation.

A key strength of the validated CSIF is its emphasis on both reactive and proactive safety
management strategies. Reactive measures focus on incident response, accident
investigation and corrective actions, ensuring that lessons learned from past incidents inform
future safety protocols. On the other hand, proactive strategies emphasize preventative
measures, such as predictive analytics for hazard identification, the integration of Al-driven
safety monitoring and real-time worker feedback mechanisms. Additionally, the framework
highlights the importance of a safety-centric organizational culture, where management

Downloaded from ftp.nowpublishers.com/ci/article-pdf/25/7/189/10189822/ci-06-2024-0175en.pdf by guest on 14 September 2026

Construction
Innovation

201




CI
25,7

202

Table 3. Validation of CSIF via focus group discussion

Initial measures of CSIF

Focus group discussion

Triangulation of findings

Gamified training
Virtual reality simulations for
immersive hazard response training

Augmented reality treasure hunts
for safety learning
Blockchain-based incentive
systems for safety compliance
Neurofeedback-enhanced brain
training games

Technological advancements
Quantum computing for real-time
risk prediction

Swarm robotics for dynamic
hazard detection
Blockchain-enabled safety
compliance monitoring
Nanotechnology for self-repairing
construction materials

Mental health support
CRISPR-based genetic therapy for
mental health

Quantum mindfulness meditation
apps

Al-powered virtual therapist
avatars

Biofeedback-controlled brainwave
techniques

Environmental health
Genetically engineered microbes
for bioremediation
Nanotechnology for self-cleaning
surfaces

Atmospheric water harvesting
systems

Vertical farming towers for
biodiversity conservation

Emergency preparedness
Predictive analytics for proactive
emergency response planning

Hyperloop-based rapid evacuation
systems

Quantum encryption for secure
emergency communication
Al-powered drone swarms for
emergency supplies delivery

Source(s): Authors’ own work (2025)

FGD participants
unanimously endorsed

the established measures

AR skill stimulator
Endorsed

Endorsed

Endorsed

VR therapy with
personalized avatars
Endorsed

Endorsed

Neuro feedback with
gamification:

Microbial air filtration
systems:
Endorsed

Endorsed

Endorsed

Wearable health
monitors with
emergency response
function:

3D-printed emergency
shelters

Endorsed

Endorsed

Interview data and focus group
discussion outcomes converge,
ensuring the validity and reliability of
the established measures

AR skill stimulator to navigate complex
projects

Interview data and focus group
discussion outcomes converge
Interview data and focus group
discussion outcomes converge

Interview data and focus group
discussion outcomes converge

Proposed FGD suggestion not effective.
Initial measures applied
Interview data and focus group
discussion outcomes converge
Interview data and focus group
discussion outcomes converge
Duplication of safety measures: already
mentioned under gamified training.
Initial measures applied

Similar concept. However, initial safety
measure is applied

Interview data and focus group
discussion outcomes converge
Interview data and focus group
discussion outcomes converge
Interview data and focus group
discussion outcomes converge

FGD outcome applied

FGD outcome will incur more cost.
Initial safety measures applied
Interview data and focus group
discussion outcomes converge
Interview data and focus group
discussion outcomes converge
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Figure 3. Construction safety improvement framework
Source(s): Authors’ own work (2025)

commitment, worker engagement and communication channels are strengthened to reinforce
safe work practices. By aligning contractors with best practices in safety management, the
CSIF not only enhances worker protection but also improves overall project efficiency by
minimizing delays caused by workplace accidents. Ultimately, this structured framework
serves as a practical guide for contractors seeking to elevate safety standards, reduce
incidents and create a safer construction environment.

8.1 Gamified training

While gamified training has been widely used by manufacturing, aviation and defense, its
implementation for construction safety has been underexplored in literature and industry
practice. Gamified training provides construction workers with virtual hands-on safety
training beyond theoretical or real-life hazardous training that could expose workers to
danger (Guimardes et al., 2023). Immersive virtual reality, for instance, pushes the
boundaries of hazard response training, enabling construction workers to confront realistic
dangers during construction practices. Bao et al. (2024) proposed an incentive mechanism
based on blockchain technology to encourage VR-based safety training. Blockchain-based
incentive systems introduce novel mechanisms for rewarding and reinforcing safety
compliance, fostering a culture of accountability and participation among workers. On the
other hand, VR provides unique safety training scenarios and a flexible virtual environment
that enables users to acquire knowledge and gain experience in construction safety practices
for informed decision-making in real-life projects. According to Rivera et al. (2024), AR
simulates a safe learning environment, engaging workers in interactive activities that
promote hazard recognition and safe behavior practices. Another novel safety approach is
the neurofeedback-enhanced brain training games, which empower workers to develop
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25,7 fortitude to navigate challenging situations effectively (Corrado et al. (2024). Embracing
these underexplored cutting-edge gamified training approaches will enable contractors to
proactively address safety challenges and embrace a safety-conscious workforce, ultimately
creating a safer construction environment.

204 8.2 Technological advancements

Technology advancement has the potential to revolutionize the evolving construction
practices for effective safety management. Quantum computing provides contractors with
real-time sensor data from building structures, materials, equipment, etc., predicting
potential hazards like structural failures or malfunctions before occurrence (Bova et al.,
2021). Swarm robotics adds another layer to protect the construction workforce by patrolling
the construction sites to identify leaks, unstable excavations and other potential risks faster
than human inspections (Jahanshahi, et al., 2017). The importance of transparency among
managers, contractors and workers in implementing safety measures has been emphasized.
Hence, blockchain ensures accountability and transparency when complying with safety
regulations. This is made possible via secure recording and verification of safety protocols,
certification and incident reports, which ensures a safety and trust culture in the construction
process (Bao et al., 2024). Nanotechnology for self-repairing construction materials is a
future-focused proactive construction measure that transcends existing safety management.
Nanotechnology has the potential to automatically detect and heal micro-cracks before they
become significant safety hazards (Tohlob and Morsi, 2024).

8.3 Mental health support

Construction accident mitigation efforts have focused on physical hazards, with less attention on
mental health interventions in the workforce. With advanced mental health support technology
like clustered regularly interspaced short palindromic repeats (CRISPR)-based genetic therapy,
the construction workforce experiences a long-term improvement in their mental well-being,
reducing the risk of accidents caused by impaired cognitive functions or emotional disasters
(Zhang, et al., 2024). In addition, CRISPR/Cas9 is a unique genome editing tool that is potentially
applied in a wide range of applications, including gene therapy and diagnostic among workers at
site (Tyumentseva et al., 2023). Another notable approach to managing construction workers’
stress is the use of quantum mindfulness meditation apps, which promote mental resilience and
stress reduction among workers, enhancing their ability to focus on safety protocols and cope with
the demands of construction work (Goodings et al., 2024). Beyond the common construction
safety literature and practices, Al-powered virtual therapist avatars are proposed to provide
personalized mental health support and counseling services. This ensures that workers are offered
timely and confidential assistance once needed (Bansal and Bhattacharya, 2024). Furthermore,
biofeedback-controlled brainwave techniques ought to empower workers to regulate their stress
levels and enhance their cognitive performance through real-time feedback on brainwave activity,
ultimately fostering a safer and healthier work environment. CRISPR-Cas9, a gene-editing
technology, is primarily used in medical and biological sciences to modify DNA sequences.
While its application in construction safety is not immediately apparent, one possible connection
could be its potential role in occupational health improvements. For instance, future
advancements in gene editing could lead to the development of genetic resilience to hazardous
environmental exposures, such as reducing susceptibility to airborne contaminants, toxic
chemicals or extreme heat stress — common risks in construction sites. Additionally, CRISPR-
based innovations might contribute to personalized protective measures, where workers with
specific genetic predispositions to certain occupational diseases could receive tailored safety
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protocols or medical interventions. However, these applications remain speculative and may not
have immediate relevance to current construction safety frameworks.

Similarly, quantum computing is an emerging field that focuses on leveraging quantum
mechanics to perform complex calculations at unprecedented speeds. Its relevance to
construction safety lies in its potential to enhance predictive modeling, risk assessment and
real-time hazard detection by processing vast amounts of data more efficiently than classical
computing methods. For example, quantum algorithms could enable advanced simulations
of construction site conditions, allowing for highly accurate risk prediction models that
consider multiple variables, such as weather conditions, worker fatigue and structural
integrity. Additionally, quantum-enhanced machine learning could optimize safety decision-
making processes, enabling proactive hazard identification and response strategies.
However, the practical application of quantum computing in construction safety remains in
its early stages, as the technology is not yet widely accessible or integrated into industry
standards. To strengthen the discussion, it would be beneficial to provide concrete examples
or case studies demonstrating how these technologies are currently being explored for safety
management in high-risk industries, ensuring their relevance is clearly articulated within the
study.

8.4 Environmental health

Compared to the traditional approach, groundbreaking approaches are recommended to
provide a paradigm shift in construction projects’ environmental health and safety
management. Issues of soil and water contamination are controlled using genetically
engineered microbes. According to Pant et al. (2021), this innovative approach effectively
mitigates environmental hazards in construction sites and ensures the health and safety of
workers and the public. As mentioned earlier, Nanotechnology offers not only self-repair but
also self-cleaning surfaces. This new paradigm in surface hygiene minimizes the
accumulation of harmful substances and reduces the risk of slips and falls (Tohlob and
Morsi, 2024). Its impact in streamlining maintenance efforts and enabling workers to focus
on the core tasks without compromising their well-being is noteworthy. Another significant
environmental health and safety measure is atmospheric water harvesting systems. The
cutting-edge technology provides a sustainable solution for water sourcing, significantly
mitigating risks associated with water scarcity and contamination (Entezari, et al., 2023).
According to Zareba et al. (2021), vertical farming towers for biodiversity conservation were
identified as a multifaceted approach to creating green spaces that promote biodiversity,
improve air quality and provide fresh produce for workers.

8.5 Emergency preparedness

Emergency preparedness has been ignored despite the potential to save accident victims
and reduce the number of fatalities. To promote emergency practices, predictive analytics
for proactive emergency response planning was recommended for identifying potential
emergencies and allowing timely allocation of resources and quick response to save
accident victims (Hernandez and Roberts, 2020). This is complemented via hyperloop-
based rapid evacuation systems. According to Lang et al. (2024), hyperloop-based rapid
evacuation systems provide contractors with an efficient and rapid evacuation route that
has the potential to minimize fatalities during emergencies like structural collapse and
natural disasters. Another critical aspect of emergency preparedness is the swift
communication between the necessary emergency units and those at the accident scene.
Jahanshahi et al. (2017) reiterate that quantum encryption offers more secure emergency
communication, guaranteeing that the emergency calls are not false alarms. This prompts
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25,7 supports using Al-powered swam robots to supply essential first aid equipment to areas
humans cannot reach due to the potential threat of more collapse. This approach is
underexplored in existing safety improvement measures.
This shows that regulatory bodies can integrate safety improvement measures into
existing safety standards, in which government agencies, construction authorities and
206 safety regulators can incorporate technology-driven safety measures into existing laws
and guidelines. Furthermore, discuss potential policy updates that could support the
implementation of digital safety reporting, Al-powered risk assessments or mandatory
safety training using virtual simulations. Highlight examples of regulatory frameworks
(such as OSHA, CIDB Malaysia or DOSH) that could evolve to accommodate these
innovations.

For feasibility, consideration on factors such as cost, infrastructure requirements and
contractor readiness to adopt these measures. Possible government incentives, funding
mechanisms or mandatory compliance programs that could facilitate adoption. For
scalability, elaborate on how these safety improvements can be adapted for different project
sizes, from small contractors to large-scale infrastructure projects. Pilot programs or phased
implementation strategies to ensure smooth integration into the industry. Therefore, it shows
how regulatory bodies can drive the adoption of safety improvements, making the
framework more actionable and policy-relevant.

9. Conclusions

Construction accidents and increasing fatalities have prompted the need for effective
construction safety measures beyond state of the art to align with evolving construction
practices. Thus, this study extends the safety improvement practices in complex construction
projects by incorporating cutting-edge safety measures to enable contractors to effectively
manage site safety. A case study of the MRT project in Malaysia was applied to actualize the
aim of this research. Qualitative research methods of in-depth interviews and FGDs with
practitioners of MRT projects were carried out. The data were analyzed using thematic
content analysis. Hence, construction safety measures were identified and validated,
developing the CSIF. CSIF encompasses five main construction safety measures: gamified
training, mental health support, technological advancements, environmental health and
emergency preparedness. The numerous sub-elements discussed in this study go beyond the
state-of-the-art safety measures in existing literature and industry practices, providing
practitioners with a novel, comprehensive and proactive approach toward effective safety
management. Also, this study enriches the theoretical foundation of construction safety by
focusing on recent advancements, deepening the understanding of safety practices in
complex projects. The study is limited to qualitative research. Therefore, further study is
proposed to apply quantitative research and statistical analysis to examine the correlation
between the established safety measures.

9.1 Implications of research

The findings of this study contribute significantly to the theoretical understanding of
construction safety, particularly in the context of MRT projects. By exploring safety
measures currently used on MRT construction sites, this study expands the theoretical
framework of safety management by incorporating Malaysia-specific safety practices. The
study introduces the novel consideration of public awareness as a critical factor influencing
safety measures, which has been overlooked in previous research with new theoretical
insight enriches the broader discourse on safety culture. Additionally, the study challenges
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existing theoretical models by demonstrating that practicality, a factor traditionally Construction
emphasized in the safety literature, may have limited influence in MRT projects due to the Innovation
prequalification criteria for contractors, thus providing nuanced insights into the role of

project complexity in shaping safety measures.

9.2 Practical implications

For industry practitioners, this research provides a practical roadmap to enhance safety 207
measures on MRT construction sites in Malaysia. The proposed CSIF offers contractors a
structured approach to evaluate and improve safety practices, tailored to the unique safety
culture and operational dynamics of MRT projects. By identifying critical factors such as
human behavior, workplace conditions, documentation, government policies,
unpredictability and public awareness, the framework enables contractors to develop
comprehensive safety strategies that are both proactive and context-specific. Moreover, the
emphasis on public awareness addresses a critical gap in current safety practices, ensuring
safer construction operations. This practical tool not only supports contractors in meeting
regulatory requirements but also fosters a culture of continuous improvement, ultimately
contributing to safer and more efficient construction processes in MRT and other large-scale
infrastructure projects.
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