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ABSTRACT - Over the past few decades, researchers have paid a substantial amount of 
attention to green building design as well as its assessment. Moreover, the increasing 
emphasis on sustainable construction practices necessitates a comprehensive understanding 
of the associated safety and health risks (SHRs). Due to changes in materials, technologies, 
and construction procedures, green construction may increase safety and health hazards. 
This study aims to investigate the level of knowledge, attitudes, and practices regarding SHRs 
among the green construction stakeholders (including engineers, architects, contractors, 
sustainability consultants, suppliers, and developers). Additionally, this work intends to 
enhance the governance framework in green construction by proposing the integration of a 
simulation model to assess stakeholder knowledge, attitudes, and practices concerning SHRs 
among construction stakeholders in Kuala Lumpur, Malaysia. This study employed a survey 
method involving a comprehensive framework, with survey instrumentation, data collection 
and analysis methodologies, and a random sample size using G-Power of construction 
stakeholders in Kuala Lumpur, Malaysia. The findings revealed that stakeholders demonstrate 
a relatively high level of knowledge regarding green building design and assessment; their 
attitude towards green building practices is highly positive and consistent across stakeholders. 
Furthermore, stakeholders consistently practice green building design and assessment. 
Despite the progress in green construction methodologies, there is a notable gap in 
addressing the ethical and governance aspects related to safety and health. The proposed 
simulation model will facilitate the identification and mitigation of potential hazards early in the 
construction process, ensuring a safer working environment, which better predicts, manages, 
and responds to SHRs, thereby promoting a culture of safety and sustainability in the 
construction industry. 
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1. INTRODUCTION 

Green construction is a topic that many in the construction business have been discussing for some time now because 

of the potential environmental, economic, and social benefits it could offer. On a construction site, "green practices" can 

be defined as "a practice or process that is characterized by constant changes that aim to improve and protect the natural 

environment, or the health and general well-being of the public, the construction workers, and generations yet to come." 

This definition describes "green practices" as "a practice or process that is characterized by constant changes that aim to 

improve and protect the natural environment." This is accomplished by making effective use of available resources, 

progressing towards one's financial objectives, and enhancing one's approach to the building process (Marjaba & Chidiac, 

2016; Onubi, 2020).  

The construction industry in Malaysia should experience steady growth over the next four quarters. It is anticipated 

that the Compound Annual Growth Rate (CAGR) would be 5.9% from 2022 to 2026. In particular, the output of buildings 

should reach MYR 228,680.8 million by the year 2026. Residential, commercial, industrial, transportation, and energy 

and utility construction (including renovations, demolitions, and new builds) are the main segments of Malaysia's 

construction industry. It is now abundantly clear, because of the growth of the construction industry in Malaysia, that for 

an organization to lead in the construction industry, it needs a diverse pool of energy and capabilities from its numerous 

stakeholders. Clients, members of the community, members of the operative and technical team, members of the directive 

team, the CEO, curatorship, financial institutions, and the government are the various parties that have been designated 

as stakeholders for construction projects. Therefore, numerous stakeholders need to acquire information, attitudes, and 

practices relating to environmentally friendly building. 

Construction safety and health include many practices, rules, and regulations to prevent accidents, injuries, and 

illnesses. Hazard assessments, risk management, personal protective equipment (PPE) use, equipment safety, fall 

protection, emergency response planning, and worker training are some of the examples. Construction safety and health 
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are paramount, especially because construction sites have heavy machinery, heights, restricted areas, electrical risks, and 

more. Accidents can cause catastrophic injuries, fatalities, project delays, financial losses, legal responsibilities, and 

reputational harm. Thus, construction safety and health are ethically, legally, and financially necessary. To protect 

construction workers, local, regional, and national legislation and best practices must be followed. 

Furthermore, the aspect of environmentally conscious building that is the focus of this research is the safety and health 

of stakeholders. This concentration is based on the environmentally responsible building methodology. On any 

construction project, protecting the health and safety of the workers should be the top priority. It is important to consider 

these aspects from the start of a project and to examine them closely as it progresses. Keeping them in mind can help 

create a more secure and productive working environment. If health and safety regulations are not adhered to, this might 

result in unnecessary expenditures, wasted effort, and even direct bodily danger. For this reason, every individual in the 

building industry needs to be aware of the green construction movement. The procedures and components that are a part 

of green building may either have positive or negative effects on the health and safety of those involved in the construction 

process. 

As of now, there is a relatively low level of public awareness regarding the positive effects that commercial buildings 

have on the environment and the reduction in the costs associated with their operation in Malaysia. Consumers are 

becoming more aware of the benefits of environmentally conscious building practices, which underscores the necessity 

of innovation in addition to the convenience of building occupants. Green building is an option for maintaining the 

sustainability of existing buildings to lessen the impact on the environment. Generally, green building design seeks to 

reduce indirect impacts on human health and the natural environment by safeguarding the health of workers and increasing 

their productivity. This is accomplished using environmentally friendly construction materials. 

Conversely, governance in the context of green construction encompasses the policies, regulations, standards, and 

frameworks that guide the implementation of sustainable practices while ensuring safety and health. It involves the roles 

and responsibilities of various stakeholders, compliance with legal requirements, and the mechanisms for monitoring and 

enforcing ethical practices. Governance is critical in ensuring that knowledge, attitudes, and practices are aligned with 

the broader goals of sustainability, safety, and health in construction projects.  

2. LITERATURE REVIEW 

There is a paucity of research in Malaysia that investigates the viewpoints and activities of a wide variety of 

stakeholders regarding the design and evaluation of environmentally friendly buildings. In addition, there are many 

diverse stakeholders, each of whom may have a unique viewpoint on the design and evaluation of green buildings (Rosle, 

2022). 

It has been stated that the lack of awareness is the most significant barrier to the development of green buildings (Ha 

et al., 2023). According to some projections, individual awareness of a topic is the most important factor in determining 

support for environmentally friendly building practices. There should be a positive association favourably made between 

support and awareness of green building. This assumption is based on the understanding of an individual's cognitive 

capacity, first to recognize and then support. Increasing support for causes and policies has historically been linked to 

raising public awareness of these causes and policies. Increased levels of support are sometimes attributed to greater 

public awareness and education, although there is scant evidence to support the claim that awareness alone is responsible 

for the improvement. The need for effective green building policies that state and local government agencies can embrace 

and promote to their citizens develops as they become more aware of the economic, health, environmental, and social 

benefits of green building. These policies should encourage green building practices among state and local government 

agencies. 

One of the reasons that construction stakeholders in Malaysia find it difficult to execute environmentally green 

building practices is due to a lack of understanding (Ha, 2023). Even though numerous sources can be used as a guide on 

green construction, the public's reluctance to learn about it is one of the difficulties. One way to gain knowledge is by 

participating in interactive websites. Communities now have quick and simple access to a wide variety of tools and 

services thanks to the proliferation of these websites. They bring together concerns about the environment and information 

technology and examine how the two are connected. 

The main problem is that green construction practices, despite being recognized as effective means to mitigate 

environmental consequences and promote sustainability, encounter hurdles in terms of their widespread acceptance. This 

recognition comes even though green construction practices have been around for a while. This may be the result of a few 

factors, including but not limited to worries regarding costs, a lack of awareness, opposition to change, and regulatory 

limits. These obstacles can make it more difficult to execute environmentally friendly building practices and lessen the 

impact that these practices have on promoting sustainable building practices within the construction sector and beyond. 

Finding solutions to overcome these hurdles and promoting the adoption of green construction practices is crucial for 

achieving sustainable development objectives and minimizing the negative environmental impacts of the construction 

industry. Finding these solutions is essential for achieving sustainable development goals and mitigating the negative 

environmental impacts of the construction industry. 
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In short, green building poses safety and health hazards that must be assessed and minimized. New and atypical 

materials like recycled or bio-based materials may pose health risks during manufacturing, installation, and maintenance. 

Additionally, solar panels and wind turbines may pose electrical and fall dangers during installation, operation, and 

maintenance. As such, it is important to understand green construction's safety and health hazards and whether these 

hazards can be mitigated. This requires risk assessments, planning, training, and safety compliance. Green buildings must 

be ecologically friendly and safe for workers, occupants, and communities.  

2.1 Green Construction 

Green construction, also known as sustainable construction or eco-friendly building, is the practice of designing, 

constructing, and operating structures in a way that minimizes their impact on the environment while simultaneously 

promoting energy efficiency, resource conservation, and occupant health and well-being. Green construction can also be 

referred to as "green building" or "eco-friendly building." It is the process of creating buildings that are ecologically 

responsible over their entire lifecycle by including environmentally responsible materials, energy systems, water 

conservation measures, waste reduction techniques, and renewable energy sources into the construction process. The goal 

of green construction is to create communities that are healthier and more sustainable by prioritizing environmentally 

responsible practices and technologies. Other goals include mitigating the effects of climate change and reducing 

pollution. 

In different ways, green construction practices have the potential to reduce the dangers to people's health and safety. 

To begin, the use of non-toxic and low-emission materials in green buildings helps to minimise indoor air pollution. This, 

in turn, can enhance the interior air quality and reduce the health risks associated with poor air circulation and the presence 

of dangerous chemicals. Additionally, green buildings have a lower carbon footprint. Moreover, the emphasis placed on 

natural lighting and ventilation in green building design can improve the comfort and well-being of building occupants, 

as well as lessen the reliance on artificial lighting and mechanical systems, which can either contribute to noise pollution 

or pose potential safety risks. Green construction encourages the use of sustainable and long-lasting materials, which can 

improve the structural soundness of buildings and reduce the risk of accidents or structural breakdowns. In addition, the 

incorporation of energy-efficient systems into green buildings, such as fire-resistant insulation and cutting-edge fire 

detection systems, can strengthen the existing fire safety measures. In general, green construction places a higher priority 

on the health and safety of occupants. This is accomplished through designing settings that are beneficial to one's well-

being and by minimizing the possible risks associated with more conventional building practices.  

2.2 Safety and Health Risk 

In the context of occupational health, a risk to health and safety refers to an assessment of the dangers that can lead to 

the harm, injury, death, or disease of a person in a particular workplace. These hazards can be caused by any number of 

factors. Even if each of these dangers is pointed out on its own, they are considered in conjunction with the others. The 

physical circumstances under which a given worker experiences a specific adverse reaction are considered the determining 

factor in a health and safety risk assessment. Many other metrics, such as the number of illnesses, injuries, and fatalities, 

are used to assess the level of safety on construction sites (Golovina, 2016). Injury rates, employee safety habits, and the 

overall safety climate can all be used to assess the efficacy of a company's health and safety initiatives. Some international 

best practices concerning health and safety on the job include providing fall protective systems and effectively scheduling 

construction site activities (Zhang & Mohandes, 2020); providing frequent safety training sessions for employees (Shen, 

2017); and providing proactive warning systems (Omidvar, n.d.; Zhu, 2016) to prevent workers from being struck by 

mobile equipment, such as a crane, on the job. 

It has been suggested by Kim (2017) that a high prevalence of accidents and other health hazards exists due to poor 

safety culture among construction organisations. However, these safety practices and policies are intended to reduce on-

site health and safety problems. This conclusion was further supported by Zhang (2014), who stated that the level of 

safety performance in construction projects is highly connected with safety investments, safety culture, and the risk level 

of the project.  

Most people working in Nigeria's construction industry do not adhere to these health and safety standards and best 

practices, and they are usually to blame for issues like the use of damaged or broken tools and equipment, a lack of safety 

training, and the failure to provide or use PPE (Waziri, 2018). According to Okoye (2018), Nigeria currently lacks official 

data on accidents or health and safety issues related to construction activities. Idoro (2011) performed a survey, and he 

stated that during the process of building in Nigeria, 5 out of every 100 workers were hurt, and 2 out of every 100 workers 

were involved in accidents during construction. In other words, 5 out of every 100 workers were harmed. On building 

sites, one of the issues being addressed to improve occupational health and safety is the "green practice" movement. 

However, there are mixed results regarding the efficacy of green construction practices in addressing health and safety 

concerns associated with construction projects. Some authors state that green practices have a good influence on the health 

and safety of workers, whereas others report that the same practices have a negative impact. 

For instance, Karakhan & Gambatese (2017) argued that green construction is typically coupled with potentially 

negative consequences on the safety of workers, even though the primary objective of green construction is to achieve 

overall sustainability. Recent studies have shown that green building projects pose a higher safety risk to workers than 

traditional projects. (Hwang, 2018). This situation raises questions about the validity of labeling a construction project as 
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having performed admirably in terms of sustainability simply because it complies with several environmental 

performance standards. This situation raises questions about the value of an environmentally responsible building project. 

According to several studies (Karakhan & Gambatese, 2017), ensuring the health and safety of construction workers is 

an essential component of social sustainability. Based on Hwang (2018), the level of significance that is still placed on 

health and safety concerns in environmentally conscious construction projects is extremely low. Moreover, during the 

construction process, research on social concerns such as health and safety is often disregarded (Othman, 2018), even 

though many previous studies have placed a significant amount of emphasis on newly developed technologies that are 

related to sustainability and the environment. 

Conversely, in the context of occupational health, safety, and health risks refer to the assessment of dangers that can 

cause harm, injury, death, or disease in the workplace. Governance plays a critical role in mitigating these risks by 

establishing and enforcing regulations, standards, and best practices designed to protect workers. Effective governance 

involves not only setting these standards but also ensuring compliance through monitoring, training, and proactive risk 

management strategies. The relationship between governance and safety is evident in the implementation of safety 

practices such as fall protective systems, regular safety training, and proactive warning systems, which have been shown 

to reduce the incidence of accidents and health hazards on construction sites. However, the success of these initiatives 

largely depends on the safety culture within construction organizations and their commitment to investing in safety 

measures. Despite these efforts, there remain challenges where adherence to safety standards is often lacking, leading to 

higher rates of workplace injuries and fatalities. The green construction movement aims to improve occupational health 

and safety. However, its effectiveness varies, with some studies reporting positive impacts and others noting potential 

risks associated with new materials and technologies. Thus, robust governance frameworks are essential to ensure that 

the benefits of green construction practices are realized without compromising worker safety.  

2.3 Knowledge, Attitudes, and Practices (KAP) of Multiple Stakeholders on the Green Buildings  

Individuals' actions and behaviors concerning potential dangers to their health and safety are heavily influenced by a 

combination of three elements known as knowledge, attitude, and practice (KAP). Literature on KAP in the context of 

safety and health risks (SHRs) comprises a wide spectrum of studies that investigate how individuals' knowledge, 

attitudes, and practices influence their comprehension of dangers, their perception of them, and their response to them. 

The purpose of this literature review is to provide an overview of the current understanding of the role that KAP plays 

regarding the potential dangers to both safety and health. In recent years, researchers in the field of green buildings have 

come to realize the significance of the research conducted from the perspectives of multiple stakeholders. This study 

shows how stakeholders' influence, interest, and involvement can improve decision-making and build environmental 

sustainability (Chileshe, 2018). Multiple points of view from many stakeholders' research are a significant field that 

contributes to a better understanding of the complex relationships and dynamic exchanges that take place between many 

parties. When it comes to environmentally friendly structures, the research on different stakeholders has been employed 

cautiously in the studies on sustainable development. Stakeholders' awareness of sustainable practices, the research has 

concentrated on the clients', users', and community members' points of view (Yang, 2015). 

Few studies have examined the perspectives of a wide range of green building industry stakeholders in the existing 

body of KAP research. For instance, because of Hong Kong's high population density, researchers in the region have 

decided to perform a KAP study on the topic of zero-carbon buildings. Underestimating the significant differences 

between these stakeholders, this study categorized engineers, manufacturers, architects, contractors, and suppliers as 

belonging to the same stakeholder group. The same KAP framework was utilized by Azami (2018) to determine the 

hurdles to environmentally conscious construction in Malaysia from the point of view of the contractors. While in Zambia, 

Sichali and Banda (2017) conducted research to determine the level of understanding, attitudes, and views of green 

construction practices among the stakeholders involved in a residential project. The body of prior research has concluded 

that the KAP framework is significant. Nevertheless, this research has shown that the green building KAP research 

conducted by different stakeholders is still underestimated and disregarded. There does not appear to be any comparable 

research accessible for the context of New Zealand, as far as we are aware. Hence, it is a good idea to look into the KAP 

levels of different people in the New Zealand AEC business and determine how they feel about green buildings, as well 

as the reasons why they do not want to use green building certifications and what is stopping them from doing so. This 

can be done by looking at the KAP levels of different New Zealand AEC industry players in terms of green buildings. 

Sustainable development studies have been conservative in their application of findings from diverse stakeholder 

research on green buildings (Pan & Pan, 2020). The study, for instance, has centred on the views of clients, users, and 

communities in its examination of sustainability knowledge. Accordingly, it can be understood that designers work in a 

constantly evolving setting during the design process and need to collaborate with technical engineers and architects to 

integrate diverse information into environmentally friendly design (Raouf & Al-Ghamdi, 2019). Green building design 

also emphasizes education and training in addition to the use of environmentally friendly methods (Hwang et al., 2017). 

This section presents a more in-depth study of the impact of government legislation on green practices and public 

recognition of building professionals. It examines the level of understanding, attitudes, and opinions towards green 

building practices among stakeholders in residential construction projects, as recommended by Sichali and Banda (2017). 

According to a study by Pan & Pan (2020), the primary drivers of green construction practices adoption by contractors 

are managerial concern and government regulatory pressure. Pan & Pan (2020) claimed that bringing about structural 
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changes in the way buildings are constructed required more than only the development of green technologies and the 

surmounting of economic hurdles. 

The relationship between governance and the KAP variables on SHRs among green building construction stakeholders 

is crucial for effective implementation and compliance with safety standards. Governance, in this context, involves the 

establishment and enforcement of policies, regulations, and best practices that ensure the safety and health of workers 

involved in green construction. For instance, governance significantly influences the level of knowledge among 

construction stakeholders. Regulatory bodies and governance frameworks are responsible for disseminating information 

about safety standards, green building techniques, and the risks associated with new materials and technologies. Studies 

have shown that sustainable development and green building design rely heavily on the education and training provided 

to stakeholders, which is often driven by government legislation and regulatory requirements (Hwang et al., 2017; Raouf 

& Al-Ghamdi, 2019). By mandating continuous education and certification, governance ensures that stakeholders are 

well-informed about SHRs, leading to more knowledgeable and compliant construction practices. 

Furthermore, the attitudes of stakeholders towards green building practices and safety are also shaped by governance. 

Effective governance creates a culture of safety and responsibility by promoting ethical standards and encouraging 

positive attitudes towards sustainability and worker protection. Governmental pressure and managerial concern are key 

drivers for adopting green construction practices, as noted by Pan & Pan (2020). When governance frameworks emphasize 

the importance of safety and sustainability, they foster a positive attitude among stakeholders, leading to greater 

acceptance and proactive engagement with safety protocols. Moreover, governance directly impacts the practical 

implementation of safety and health measures on construction sites. By setting enforceable standards and conducting 

regular inspections, governance ensures that safety practices are not just theoretical but are actively applied. The practice 

of green building design, including the use of environmentally friendly materials and construction methods, is often 

regulated by government policies, which require adherence to specific safety protocols (Pan & Pan, 2020). Additionally, 

the establishment of best practices through governance frameworks helps in standardizing safety measures across the 

industry, reducing variability, and improving overall safety outcomes. 

Conclusively, sustainable development studies have highlighted the conservative application of findings from diverse 

stakeholder research on green buildings, focusing primarily on clients, users, and communities (Pan & Pan, 2020). These 

studies suggest that effective governance must also consider the perspectives of technical engineers, architects, and other 

professionals involved in the design process. Moreover, Sichali & Banda (2017) recommend examining stakeholders' 

understanding, attitudes, and opinions towards green building practices to enhance the impact of governance on safety 

and health. Governance frameworks that integrate these three variables, knowledge, attitude, and pp0-practice, create a 

comprehensive approach to managing SHRs in green construction. By ensuring that stakeholders are educated, motivated, 

and equipped to implement safety measures, governance plays a pivotal role in enhancing the overall safety culture in the 

construction industry. In summary, the interplay between governance and the variables of KAP is critical for effectively 

managing SHRs in green building construction. Effective governance frameworks ensure that stakeholders are well-

informed, positively disposed towards safety, and consistently apply best practices, thereby promoting a safer and more 

sustainable construction environment.  

2.4 Simulation Model and Governance in Safety & Health Risks  

Green construction, or sustainable construction, aims to minimize the environmental impact of building practices 

while promoting the health and safety of workers and occupants. The integration of simulation models into the governance 

framework of construction projects has emerged as a significant approach to enhancing safety and health benefits in this 

field. According to recent studies, simulation models can effectively predict potential SHRs by allowing stakeholders to 

visualize and analyze various construction scenarios before actual implementation. For instance, models can simulate the 

use of non-toxic materials, assess their impact on indoor air quality, and predict the likelihood of respiratory issues among 

workers and occupants (Ahn et al., 2013). This proactive risk assessment enables stakeholders to make informed decisions 

that prioritize safety and health, aligning with ethical governance principles by addressing potential hazards 

comprehensively. The application of simulation models in green construction governance also supports continuous 

improvement of safety protocols and construction methodologies. By incorporating real-time data on materials, 

construction techniques, and environmental conditions, these models provide a dynamic and detailed understanding of 

potential risks (Zhang et al., 2015). This not only helps in identifying and mitigating hazards but also fosters a culture of 

accountability and transparency among construction stakeholders. Additionally, the use of simulation tools can facilitate 

compliance with regulatory standards and promote best practices in the industry. As highlighted by Li et al. (2017), 

integrating simulation models into construction governance frameworks enhances the overall sustainability and safety of 

construction projects, ultimately contributing to the development of safer and healthier built environments. 

To further enhance the safety and health benefits of green construction, it is proposed to integrate a simulation model 

into the governance framework of construction projects. This simulation model serves as a predictive tool to assess 

potential SHRs associated with various green construction practices. The hybrid simulation framework combines discrete 

event simulation (DES), agent-based simulation (ABS), and system dynamics (SD), allowing for a more natural 

representation of the complex dynamics in construction activities. By simulating different scenarios and construction 

methodologies, stakeholders can identify and mitigate potential hazards before they occur on-site. This approach not only 
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enhances the safety and health outcomes but also aligns with ethical governance principles by ensuring all potential risks 

are thoroughly evaluated and addressed (Goh & Ali, 2016; Nasirzadeh et al., 2018). 

The integration of such a simulation model into the governance framework supports more informed decision-making, 

fosters greater accountability, and ultimately leads to safer and more sustainable construction practices. For example, a 

Building Information Modeling (BIM)-based integrated framework includes relevant information for risk prevention 

against falls during the construction phase, optimizing production and safety scheduling (Rodrigues et al., 2017). 

Additionally, integrating BIM and LEED certification at the conceptual stage of building projects provides a framework 

for calculating potential LEED credits, thereby automating sustainability assessments and improving project planning 

(Jalaei et al., 2020). These proactive approaches contribute to reducing construction accidents and negative environmental 

impacts while promoting sustainable development within the industry (Zhang & Mohandes, 2020). 

Thus, the integration of simulation models in the governance framework of construction projects significantly 

enhances the management of SHRs. Simulation models, such as the hybrid approach combining DES, agent-based 

modelling (ABM), and SD, provide a comprehensive method for assessing safety risks dynamically and proactively. 

These models allow stakeholders to simulate various construction scenarios, identify potential hazards, and implement 

mitigation strategies before actual on-site activities commence, leading to safer construction environments (Xu et al., 

2020). Furthermore, the implementation of BIM integrated with safety management frameworks facilitates the 

visualization and planning of safety measures, improving both safety outcomes and project efficiency (Rodrigues et al., 

2017). This advanced simulation and modeling techniques offer a robust mechanism for enhancing decision-making 

processes, ensuring better safety practices, and promoting sustainable construction operations (Al-Kaissy et al., 2020; Xu 

et al., 2020; Rodrigues et al., 2017).  

3.     METHODOLOGY 

This study employed a quantitative research design, utilizing a survey method grounded in a comprehensive 

framework that includes detailed survey instrumentation, robust data collection, and analysis methodologies. G-Power 

was used to determine the appropriate sample size. A random sample of construction stakeholders in Kuala Lumpur, 

Malaysia, was selected. The focus was to investigate the levels of SHR assessments among these stakeholders, specifically 

examining the three dimensions of KAP. This approach ensured that the data collected was statistically significant and 

representative, allowing for accurate analysis and conclusions regarding the current state of SHRs management in the 

green building sector. Through this method, the study aims to identify gaps and areas for improvement in stakeholder 

awareness and implementation of safety protocols, ultimately contributing to enhanced governance and sustainability in 

construction practices.  

3.1 Research Framework 

Figure 1 depicts the research framework with three dependent variables (DV), namely KAP of green building design 

and assessment, and one independent variable, namely health and safety risk. The hypotheses based on these three DV 

are constructed as follows: 

• H1: The knowledge of green construction design significantly influences safety and health awareness among 

construction stakeholders. 

• H2: The attitude of green construction design significantly influences safety and health awareness among construction 

stakeholders. 

• H3: The practice of green construction design does not significantly influence safety and health awareness among 

construction stakeholders. 

 

Figure 1. The research framework and constructed hypotheses 
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This questionnaire comprised four sections. Table 1 presents the questionnaire items for the survey instrument. The 

first section collected demographic information, including details such as the purpose of the project and the size of the 

team involved. Sections 2, 3, and 4 focused on assessing the knowledge about health risks associated with designing and 

evaluating green buildings. The information collected from the survey may inform future research models and the 

composition of questionnaire items. Each element of the questionnaire was constructed based on its theoretical foundation. 

Respondents were asked to rate the significance of each variable on a Likert scale ranging from one to five points, with 1 

indicating strong disagreement, 2 indicating disagreement, 3 indicating neutrality, 4 indicating agreement, and 5 

indicating strong agreement.  

Table 1. Questionnaire items 

Construct/ Variable Description 

Safety and health risk 

(Onubi, 2020) 

(Adopted) 

• The implementation of risk reduction strategies has taken place. 

• Performance in terms of safety was proportional to the level of experience 

possessed by the craft workforce. 

• The public's safety was not compromised in any way by the ongoing 

construction work. 

• According to the established baselines, the expected level of project safety 

performance was achieved. 

• Health and safety regulations were complied with. 

Knowledge of Green Building 

Design and Assessment 

(Abdelaal & Guo, 2021) 

(Adapted) 

• I know about the main sources of green building knowledge. 

• I know about the concept of green construction or sustainable building 

practices. 

• I know that the safety and health of occupants is the primary goal of green 

construction. 

• I am aware of any specific safety risks associated with conventional 

construction practices. 

• I am aware of any certifications or standards related to green construction and 

safety/health. 

• I am aware of any challenges or barriers to implementing green construction 

practices in terms of safety and health. 

Attitude towards Green 

Building Design and 

Assessment  

(Abdelaal & Guo, 2021) 

(Adapted) 

• I consider that SHRs in construction projects are very important. 

• I have a positive attitude toward green construction practices. 

• I believe that green construction practices contribute to improved safety on 

construction sites. 

• I perceive that the impact of green construction practices can reduce health risks 

for workers and occupants. 

• I am aware of any specific safety or health risks associated with green 

construction practices. 

• I am very confident that green construction practices can address or mitigate 

potential SHRs. 

Practice in Green Building 

Design and Assessment Process 

(Abdelaal & Guo, 2021) 

(Adapted) 

• Noise pollution poses significant SHRs associated with conventional 

construction practices. 

• I always use the specific safety practices or protocols unique to green 

construction that I have implemented. 

• Following specific guidelines and regulations is one of the key aspects of safe 

handling and disposal of materials during green construction projects. 

• It is important to believe that green construction practices, with their focus on 

safety and health, have a positive impact on the well-being of building 

occupants. 

• Enhanced safety measures are the potential long-term benefits of incorporating 

green construction practices in terms of safety and health. 
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4. RESULTS AND DISCUSSION 

The results and discussion section presents the findings from the survey, analyzing the levels of knowledge, attitudes, 

and practices related to SHRs among green building construction stakeholders in Kuala Lumpur, and interprets their 

implications for governance and sustainability in the industry.  

4.1 Demographic Analysis 

The demography is essential since it provides information about the people who are participating in the research and 

answering the questionnaire. The first component of this test comprised general information questions, followed by three 

further tests based on the responses to those questions. In demographic analysis, the frequency of respondents is 

determined based on factors such as gender, age, and years of experience in the workforce. The following table provides 

a summary of the frequencies and percentages of answers to the measurements. 

Table 2. Questionnaire items 

Demographic Items Frequency Percentage (%) 

Gender  Male 58 45.70 

 Female 69 54.30 

 Total 127 100.00 

Age (years) 20-30 80 63.00 

 31-40 38 29.90 

 41-50 7 5.50 

 51-60 2 1.61 

 Total 127 100.00 

 20-30 80 63.00 

Year of 

Working 

Experience 

1-5 77 60.60 

6-10 43 33.90 

11-15 7 5.50 

Total 127 100.00 

As illustrated in Table 2, the first demographic item was the gender of the respondents. Up to 54.3% of female 

respondents contributed, compared to 45.7% of male respondents. The second demographic item was the age of the 

respondent. Most respondents were between 20 and 30 years old, accounting for 63.0% of the overall respondents. The 

second highest respondent was from the age group 31-40 years old, with a percentage of 29.9%. The lowest respondent 

was from the age group 41-50 years old, with a percentage of 5.5%, followed by respondents from the age group 51-60 

years old, with a percentage of 1.6%. The second demographic item was the years of working experience. Most 

respondents had 1-5 years of working experience, with 60.6% of the overall respondents. Followed up with the respondent 

with 6-10 years of working experience, 33.9%. Respondents with 11-15 years of working experience made up the lowest 

percentage, which was 1.6%. 

4.2 Descriptive Analysis 

Descriptive statistics were used to provide quantitative representations of the minimum value (Min), maximum value 

(Max), mean value, and standard deviation, which serve to simplify large amounts of data reasonably. Consequently, the 

researcher employed an interval scale ranging from 1 to 5 in Sections A to D of the questionnaire. This study included a 

sample size of 127 respondents from the construction industry. 

Table 3 presents the descriptive statistics necessary for researching the KAP regarding green construction and its 

implications for SHRs among construction stakeholders in Kuala Lumpur, Malaysia. Mean values were used to assess 

the levels of KAP towards green construction and their SHRs implications. At the same time, the standard deviation 

expresses the variability in these responses. Table 3 shows that the mean value of SHRs was 3.885, with a standard 

deviation of 0.616. The mean value for Knowledge of Green Building Design and Assessment (K) was 3.974, with a 

standard deviation of 0.733. The mean value for Attitude towards Green Building Design and Assessment (A) was 4.029, 

with a standard deviation of 0.693. Lastly, the mean value for Practice of Green Building Design and Assessment (P) was 

4.000, with a standard deviation of 0.673. 

Table 3. Descriptive statistic 

Construct/ Item Mean 
Standard 

Deviation (SD) 

Safety and Health Risk 3.885 0.616 

Knowledge of Green Building Design and Assessment 3.974 0.733 

Attitude of Green Building Design and Assessment 4.092 0.693 

Practice of Green Building Design and Assessment 4.000 0.673 
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The normality test, as described by Hair et al. (2019), evaluates whether the data follow a normal distribution. When 

the normalcy assumption is correct, the estimation procedure is more accurate and unbiased. Additionally, researchers 

need to conduct a normality test since skewness and kurtosis statistics provide distinct measurements of deviation from 

normality. The acceptable range for skewness is from -2 to 2, while the acceptable range for kurtosis is from -7 to 7 (Hair 

et al., 2019). Therefore, all variables in this study were considered acceptable. 

4.3 Measurement Model Assessment 

The approach of Partial Least Squares Structural Equation Modelling (PLS-SEM) was employed in this study for 

analysis and result output. SmartPLS was used to analyze the measurement model's convergent and discriminant validity. 

Figure 2 depicts the basic research model, which includes the dependent variable, SHR, and three independent variables: 

K, A, and P. 

 

Figure 2. Initial path PLS model 

According to Hair (2019), researchers must assess the factor loading value to ensure that the measurement items are 

appropriate to achieve internal consistency. A measurement item is considered acceptable if its outside loading number 

is 0.5 or above. An outside loading value greater than 0.7 is considered very satisfactory (Memon & Rahman, 2014). If 

the factor loading is below 0.5, it must be eliminated. Since all of the measured items in this study surpassed a threshold 

of 0.5, they are all deemed acceptable. Table 4 presents the convergent validity of Outer Loading, Cronbach's Alpha, 

Composite Reliability (CR), and the Average Variance Extracted (AVE). Convergent validity, as defined by Sarstedt and 

Cheah (2019), refers to the degree to which one measurement is positively associated with additional measurements of 

the same concept. In order to evaluate convergent validity, it is necessary to establish the AVE with outer loadings for 

each latent construct (Carole et al., 2017; Hair et al., 2019). The presence of high outer loadings on the structure suggests 

that the linked indicators include multiple properties encompassed by the construct. In order to be deemed acceptable, the 

outer loading of latent variables must be no less than 0.7. The study found that the outer loadings for the dependent 

variable SHRs in item SHR03 and the independent variable P (Practice) in item P01 were rejected because they were 

below the threshold of 0.7. All other items for the variables were deemed acceptable, as all outer loadings surpassed the 

threshold of 0.7. 

CR is the name of an additional evaluation that may be performed on the measurement for internal consistency. CR 

stands for "composite reliability. As stated by Hair et al. (2019), the critical value must exceed 0.70 in order to be 

approved. On the contrary, CR and Cronbach's Alpha were utilized to estimate the construct's internal consistency. There 

was not a single figure that fell outside of the permitted ranges for either the factor loadings or the composite reliability. 

This study demonstrated that convergent validity has been attained. According to Hair (2019), the value of AVE must be 

more than 0.5 to qualify as legitimate convergence.  
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Table 4. Internal consistency, reliability, and convergent validity results 

Constructs Items Loadings ρc AVE 

Safety and Health Risk (SHR) SHR01 0.740 0.838 0.564 

SHR02 0.727 

SHR04 0.762 

 SHR05 0.715   

Knowledge of Green Building 

Design and Assessment (K) 

K01 0.837 0.884 0.718 

K02 0.856 

K05 0.848 

Attitude of Green Building Design 

and Assessment (A) 

A01 0.783 0.881 0.648 

A02 0.803   

A03 0.793   

A06 0.840   

Practice of Green Building Design 

and Assessment (P) 

P01 0.777 0.829 0.618 

P02 0.788   

 P04 0.794   

The extent to which the experimental specifications differentiate development from other factors is what is meant by 

the term "discriminant validity." As a result, producing discriminant validity presupposes that the development in question 

is singular and that it is capable of capturing characteristics that are not addressed by the model's other latent components. 

According to Kamis (n.d.), the researcher generally utilizes the Fornell-Larcker criterion and the Heterotrait Monotrait 

Ratio (HTMT) to test discriminant validity. Fornell-Larcker specified that the square root of each construct's AVE value 

must be greater than its highest correlation coefficient with any other construct. While the ideal value of HTMT is less 

than 0.9, a value greater than 0.9 indicates that the construct lacks discriminant validity.  

The Fornell-Larcker criterion is presented in Table 4. It demonstrates that the correlation coefficients of all of the 

constructs were lower than the square root of AVE, which is bolded and exhibited along the diagonals of the graph. 

Because they were lower than 0.9, the average correlations between the variables match up with all of the pairwise 

correlations between the variables, resulting in discriminant validity. As concluded, this implies that the discriminant 

validity was not satisfied because some of the variables had a correlation coefficient above 0.9. 

Table 5. Discriminant validity result (HTMT ratio) 

 A K P SHR 

A     

K 0.830    

P 0.864 0.869   

SHR 0.851 0.795 0.825  

Hypothesis Testing 

Hypothesis tests were analyzed using the Preliminary PLS Path Model. Three hypotheses were tested in this research 

to find out the relationship between the indicators of implementation risk evaluation. The current investigation indicated 

a direct and indirect relationship between the following factors: 

• H1: The knowledge of green construction design significantly influences safety and health awareness among 

construction stakeholders. 

• H2: The attitude of green construction design significantly influences safety and health awareness among construction 

stakeholders. 

• H3: The practice of green construction design does not significantly influence safety and health awareness among 

construction stakeholders. 

Comparable to standardized coefficients in regression analysis, path coefficients in PLS are a measure of the strength 

of an association between two variables. To evaluate the significance of the hypothesis, the value of the standard Beta 

coefficient was utilized. The value represented the expected variation in the endogenous latent construct in comparison 

to the unit variance in the external latent construct. Calculations were made to determine the coefficient for each path in 

the proposed model. If the absolute value of the coefficient is high, then the concept of endogenous latent variability is 

significantly impacted to a higher extent. Using the t-statistic test, the significance of the coefficient needs to be evaluated 

before it can be used. The bootstrapping approach was employed to assess the importance of each hypothesis (Hair, 2019).  
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In this investigation, the bootstrap method was utilized to investigate the importance of route coefficients and t-statistic 

values derived from 5000 subsamples in the absence of any indication of change. Additionally, testing with only one tail 

was carried out in this study. Furthermore, a level of significance of 5% was used throughout this inquiry. According to 

Sarstedt and Cheah's research from 2019, the critical value for one-tailed tests with a significance level of 5% is 1.645. 

For the coefficient to be significant at the significance level, the t-value must be greater than the critical value, which in 

this case was (>1.65). In addition, the p-value was used to determine the level of significance associated with each 

hypothesis. Given that the level of significance for this investigation is set at 5%, the p-value ought to be either lower 

than or equal to 0.05. Table 5 shows the results for the directional hypothesis. K had a positive impact on SHR, with an 

SD of 0.108, a p-value of 0.003, and a t-value of 2.174. This assumes that there is a significant effect on the relationship 

between K and SHR. So, hypothesis 1 is supported.  

Next, for hypothesis 2, which is A, also has a positive impact on SHR. The SD was 0.140, with the p-value of 0.015 

and a t-value of 2.762. This hypothesis for this relationship suggests a positive impact. So, this hypothesis is supported. 

Similarly, the relationship for hypothesis 3, which is P, between SHR, with an SD of 0.140, a p-value of 0.015, and a t-

value of 2.762. As such, hypothesis 3 is not supported because the p-value should be less than 0.05, but the p-value for 

this relationship was 0.079, which is higher than 0.05. The null hypothesis has been rejected as the p-value exceeded 0.05, 

indicating that it is not supported. This suggests that there is no statistically significant impact of P on safety and health 

awareness among construction stakeholders in Kuala Lumpur, Malaysia.  Table 3 presents the descriptive statistics 

necessary for researching the KAP regarding green construction and its implications for SHRs among construction 

stakeholders in Kuala Lumpur, Malaysia. Mean values were used to assess 

4.4 Effect Size (f2) 

In this study, Table 6 indicates that the f² of K was 0.053, indicating a small influence. In contrast, the f² of A was 

0.144, indicating a medium effect between them. Finally, the f² for P was 0.036, indicating no significant effect. Thus, 

from Table 6, it can be concluded that hypotheses H1 and H2 are supported, while hypothesis H3 is not supported. 

Table 6. Significance of hypothesized relationships (direct) 

Relationships VIF β SD 
t -

value 

p -

value 

Confidence 

Interval Effect 

Size (f2) 

Explanatory 

Power (R2) 
Decision 

LL UL 

H1: K 🡪 SHR 2.127 0.235 0.108 2.174 0.003 0.063 0.421 0.053 0.504 Supported 

H2: A 🡪 SHR 2.147 0.387 0.140 2.762 0.015 0.146 0.599 0.144 Supported 

H3: P 🡪 SHR 2.019 0.189 0.121 1.560 0.059 -.003 0.395 0.036 Unsupported 

*Note. SD = Standard Deviation, LL = Lower Limit, UL = Upper Limit, VIF = Variance Inflation Factor 

This study's objective was to investigate the relationship between the KAP of green buildings and the SHR 

implications among stakeholders in Kuala Lumpur, Malaysia. Specifically, the study focused on exploring the relationship 

between these three factors. Among the various stakeholders in the construction industry in Kuala Lumpur, Malaysia, the 

primary objectives of this study were to assess the potential health and safety risks. In this particular investigation, there 

were three hypotheses, and each of them was examined using consistent PLS bootstrapping. The entire set of hypotheses 

was examined, and while two of them were supported, one was not. 

Upon analyzing the results, the researchers concluded that there are linkages between knowledge and attitude among 

various stakeholders concerning the design and evaluation of environmentally friendly buildings. However, there are no 

links between the behaviors of various stakeholders regarding green building design and evaluation, including the 

obstacles to adoption and the best practices. This is because the hypothesis was not validated. In light of this discovery, 

it has been determined that the stakeholders in Kuala Lumpur, Malaysia, possess both knowledge and attitudes regarding 

the implications of green construction concerning safety and health issues. Conversely, the stakeholders in the 

construction firm do not use or practice this strategy on their construction project. 

In addition, the findings demonstrated that the various stakeholders in Kuala Lumpur, Malaysia, maintained a 

favourable attitude towards environmentally friendly structures. It is generally the case that the various stakeholders' 

motives for green buildings tend to be "intangible motivations," such as lowering the environmental impacts of buildings 

and enhancing the quality of life. This is the case regardless of the absence of "tangible motivations," such as financial 

rewards and incentives. This displays a high level of mindfulness concerning both the environment and society. As a 

result of these findings, it can be deduced that the potential effects on the health and safety of stakeholders are minimal. 

This is because stakeholders possess both information and an attitude about environmentally friendly building practices.  

5. CONCLUSIONS 

The goal of green construction, also known as sustainable construction or environmentally friendly construction, is to 

lessen the destructive effects that structures have on their surrounding environments. It is vital to consider any potential 

dangers associated with green construction practices, although these practices typically have beneficial effects on health 
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and safety. The use of non-toxic materials is generally given priority in green construction, which is a good aspect because 

it lowers people's exposure to potentially hazardous compounds. This feature is very advantageous for the well-being of 

those working on the building as well as the people who will eventually live there. The risk of respiratory problems and 

allergy reactions can be considerably decreased by avoiding items that contain volatile organic compounds (VOCs) or 

other dangerous chemicals. 

To further enhance the safety and health benefits of green construction, it is proposed to integrate a simulation model 

into the governance framework of construction projects. This simulation model would serve as a predictive tool to assess 

potential SHRs associated with various green construction practices. By simulating different scenarios and construction 

methodologies, stakeholders can identify and mitigate potential hazards before they occur on-site. The model would 

incorporate data on materials, construction techniques, and environmental conditions to provide a comprehensive risk 

assessment. This proactive approach not only enhances the safety and health outcomes but also aligns with the principles 

of ethical governance by ensuring that all potential risks are thoroughly evaluated and addressed. The integration of such 

a simulation model into the governance framework would support more informed decision-making, foster greater 

accountability, and ultimately lead to safer and more sustainable construction practices. 

In conclusion, sustainable building practices in general have a good impact on both public health and safety; 

nonetheless, it is imperative to examine and handle any potential dangers that may arise properly. Green construction can 

help create healthier and safer buildings by using non-toxic building materials, improving indoor air quality, and 

facilitating access to natural light and outdoor spaces. To guarantee that a safe working environment is maintained in the 

construction industry, it is essential to ensure that workers receive the required training and to identify and minimize any 

new hazards associated with alternative materials and technology. Integrating a simulation model into the governance 

framework of green construction projects further ensures that all potential risks are evaluated and mitigated, supporting 

the ethical implementation of sustainable practices. 
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