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Abstract 

Design for safety (DfS) is increasingly gaining relevance in improving construction 

occupational safety and health. Specifically, Occupational Safety and Health in Construction 

Industry (Management) (OSHCI(M)) guidelines were established in Malaysia to improve DfS 

practices. Therefore, the need to gauge the DfS knowledge, attitude and practices (KAP) of 

construction stakeholders is significant. The objective of this paper is twofold. Firstly, to 

investigate the DfS KAP between the academics and practitioners. Secondly, to recommend 

the mechanisms for improving the learning of DfS among the key stakeholders. This study 

used a KAP survey and a discussion forum from five DfS workshops, followed by the 

development of framework using a Causal Loop Diagram (CLD). The findings revealed that 

stakeholders are very positive towards DfS implementation. Creating a culture of shared DfS 

learning, continuous engagement in education and training, and organisational lifelong DfS 

learning were highlighted as ways to improve DfS learning. The CLD shows that the 

effectiveness of DfS learning is attributed to funding, early learning, capacity building, and 

practical DfS guidance. This study helps advance DfS learning towards improving the KAP of 

construction professionals, hence facilitating DfS diffusion within and beyond the organisation 

and construction projects.   

 

Keywords: Design for safety; construction; academic; designer; Malaysia; Causal Loop 

Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.0 Introduction 

 

The construction industry is typically known as one of the most hazardous industries due to the 

high rate of injuries and fatalities at construction sites. Several studies support this (e.g., 

Gangolells et al. 2010; Manu et al., 2018), where the annual rate for construction-related 

injuries and fatalities across different geographical context is consistently high as compared to 

the other industries. It has been well acknowledged that traditionally, the OSH roles and 

responsibilities were placed on the contractors. Even though best practices (management, tools 

etc.) to improve occupational health and safety (OSH) have been introduced to assist 

contractors in ensuring safe work practices by eliminating jobsite hazards, accidents that result 

in injuries and fatalities still occur. In addition, the lack of OSH priority, fragmented traditional 

contracts and project delivery, OSH education and OSH liability focusing on a single entity are 

some of the factors that inhibit holistic OSH practices among the key stakeholders (Lingard et 

al., 2014). Also, previous studies have indicated that there is a causal link between design and 

accidents (Haslam, 2005; Behm, 2005 and Hui, 2015). 

Over the past decades, the construction community has consistently looked for new 

approaches to improve OSH beyond the traditional ways. One of the initiatives is the 

engagement and participation of designers in considering workers’ safety during the 

preparation of project designs (Manuele, 2008; Tymvios and Gambatese, 2016a). This concept 

is known as design for safety (DfS), also commonly referred to as “Prevention through Design” 

(PtD), Design for occupational safety and health” (DfOSH) and “safety in design” (SiD). In 

DfS, designers have specific responsibilities when performing design tasks, which is to 

consider the safety of construction workers by eliminating or controlling potential hazards that 

could occur during the construction, operation and occupation phase of a building or structure 

(Toole, et al., 2017; Che Ibrahim and Belayutham, 2020). Several countries (e.g., Australia, 

New Zealand, UK, Singapore) have adopted this concept as part of their OSH legislative 



framework (i.e. increasing degree of ‘duty of care’ among designer), while others  (e.g., US, 

Hong Kong) have implemented inititiatives on a voluntary basis, as part of the effort to 

encourage the adoption of DfS.  

Despite the positive outcome of implementing DfS, such as accident prevention that 

improves project outcomes (Gambatese et al., 2017), limitations and challenges still persist, 

subsequently inhibiting the full-scale implementation of this concept. One of the most notable 

challenges of DfS diffusion is the lack of competencies among the designers. In particular, the 

existing mindset among designers on construction safety (due to traditional contracts) hinders 

their ability to consider safety during the design stage (Behm, 2005; Goh and Chua, 2016). 

Similarly, the lack of prevention-based education (i.e., in tertiary courses) leads to an inability 

of graduate students to embrace the knowledge, attitude and practices (KAP) of DfS (López-

Arquillos et al., 2015; Toole, 2017). The lack of practical skills and knowledge regarding the 

benefits of DfS has also contributed to the unsuccessful implementation (Gambatese et al., 

2017). In addition, the different opinions on litigation and professional liability adversely 

influence designers’ ability to exercise innovation in design activities (McAleenan, 2015; 

Tymvios and Gambatese, 2016b).  

To date, there has been a growing body of DfS literature, particularly in developed 

countries; for example, on DfS perceptions (Morrow et al., 2015; Tymvios and Gambatese, 

2016b; Gambatese et al., 2017); roles and responsibilities (Toole et al., 2016); education 

(López-Arquillos et al., 2015; Toole, 2017); hazard recognition (Hallowell and Hansen, 2016); 

and organisational performance (Poghosyan et al., 2020). However, within the extant DfS 

literature, studies focusing on developing countries are still limited although the DfS practices 

are growing (Manu et al., 2018; Abueisheh et al., 2020). In particular, in Malaysia, the 

Department of Occupational Safety and Health (DOSH) has introduced the Guidelines on 

Occupational Safety and Health in Construction Industry (Management) (OSHCI(M) in early 



2017, which was based on the DfS concept, in order to transform the OSH practices in the 

construction industry. This effort forms part of the national initiative towards nurturing 

collective OSH responsibilities among the construction stakeholders. Therefore, it is essential 

to understand the current state of DfS knowledge, attitude, and practices of all stakeholders, 

especially from practitioners and academics, as both entities play important roles in DfS 

diffusion in the country.  

The objectives of the research are two-fold: (1) to compare the current knowledge, 

attitude and practice (KAP) between practitioners and educators for DfS implementation in 

Malaysia; and (2) to recommend the mechanisms for improving the learning of DfS among the 

key stakeholders. A pragmatic methodological approach through mixed-methods, particularly 

a KAP survey and discussion forum through separate workshops between practitioners and 

academics, was adopted to achieve the objective. Their responses were tabulated and compared 

to examine whether the distinct groups have different viewpoints on the DfS concept and DfS 

implementation in Malaysia. It is worth noting that despite evidences on the existence of DfS 

in Malaysia (see Che Ibrahim and Belayutham, 2020), the main focus has only been on civil 

engineers, rather than multiple stakeholders. Thus, the scope of this study (which focused on 

academics and practitioners; compared side-by-side on the topic of DfS) is novel in the context 

of Malaysia as well as other countries broadly.  Such comparative research using multi-

methodological approaches is important towards integrating the realms of theory and practice 

in facilitating the diversity of DfS learning (Zou et al., 2014).  Furthermore, cross-disciplinary 

studies or studies of diverse group research (e.g., joint academic-practitioner) insight, could 

minimize the rigour-relevance gap, leading to DfS knowledge creation by providing insights 

into problems of the world of practice and thereby, creating knowledge for the world of theory 

(Chen et al., 2013; Jin et al., 2019). The findings from this study would provide a foundation 



to further address the capacity of construction stakeholders, aligned with the OSHCI(M) 

towards improving OSH performance in the construction industry. 

2.0 The legislative context of Malaysian construction industry 

In Malaysia, OSH in construction is regulated by three related Acts; The Occupational Safety 

and Health Act 1994 (OSHA) (Act 514); Factories and Machinery Act 1967 (FMA) (Act 139), 

and Construction Industry Development Board Act 1994 (CIDB) (Act 520) (CIDB, 2019). The 

fundamental differences between these legislations are in their form and implications. The 

OSHA 1994 is known as a risk-based, ‘goal-setting’ legislation, where it does not emphasise 

on how compliance should be achieved, but more focused on the end result. Thus, different 

duty holders could take different approaches (e.g., design, assess and make decision) in 

addressing the risk, provided the result is achieved. On the other hand, the FMA 1967  focuses 

more on prescriptive approaches towards OSH at the workplace. The Act details the necessary 

steps (i.e., the how) for a duty holder to follow in a particular situation. In contrast, the CIDB 

Act 1994 was designed to address building material quality and contractor registration issues. 

Although it has specific sections related to OSH of construction works, the main focus is on 

the contractors executing the work during and after construction. In principle, having different 

Acts (enforced by various regulators) could lead to confusion on the state of ownership of 

decisions in preventing risk, subsequent actions taken to overcome the risks.  

Despite these Acts, the construction industry is still one of the most dangerous 

industries due to the high occupational fatality cases (i.e., 495 workers were killed at 

construction sites between 2016 and April 2021 (DOSH, 2021). In response to this, the DOSH 

introduced a new guideline in 2017, named Occupational Safety and Health in Construction 

(Management) (OSHCI(M)), that provides practical guidance (in particular on risk and hazard 

prevention at the design phase) to the client, designer and contractor on the management of 

OSH in construction. The OSHCI(M) implementation is voluntary and is planned to be 



enforced in the next few years. The OSHCI(M) is designed to add value to the existing OSHA 

in addressing the discrepancies of responsibility and accountability between construction 

stakeholders in compliance with safety guidelines. OSHCI(M) will guide professionals to 

understand their legal duties under Sections 15 (General duties of employers and self-employed 

persons to their employees), Section 17 (General duties of employers and self-employed 

persons to persons other than their employees) and Section 20 (General duties of 

manufacturers, etc. as regards plant for use at work) of the OSHA. 

As a new practice in the industry, all stakeholders would undoubtedly be required to 

equip themselves with the new requirements by acquiring relevant knowledge to eliminate risk 

and hazards in the early stages of the construction project. Thus, assessing their KAP towards 

DfS implementation is critical in order to further enable an innovative, effective, 

comprehensive, and collaborative approach for construction workers through OSH 

management. 

 

3.0 Related KAP studies on DfS practices 

 

Much of the DfS literature has focused on the context of concept, process and application in 

construction, while there is a growing number of studies reviewing the integration of DfS into 

the education curricula. However, the intention here is not to review the broader literature on 

DfS but to focus on past research related to the subject of knowledge, attitude and practice of 

DfS in construction (See Table 1). 

Particular attention has been given by Öney-Yazici and Dulaimi (2015) who have 

examined the role of designers (i.e., their abilities, attitudes and current practices) towards 

adopting the concept of designing for construction safety (DfCS) in the United Arab Emirates 

(UAE). Based on the responses from 72 respondents via a web-based questionnaire, they found 

that the designers’ demographic profile (i.e., nationalities, age, experience, and professional  



Table 1: Studies related to DfS KAP in Construction. 

Studies Country Sampling Methodology Findings 

Number Professionals / 

Organisation 

  

Öney-

Yazıcı and 

Dulaimi 

(2015) 

UAE 72 

 

architects, civil & 

structural (C&S) 

engineers, mechanical 

& electrical (M&E) 

engineers, interior 

designers  

Web-based 

questionnaire 

survey 

Demographic profile (i.e. nationalities, age, experience and 

professional background) and organisational safety culture 

significantly impact their attitudes towards DfCS. In contrast, 

hands-on experience is vital to further develop designers’ 

DfCS knowledge and understanding. 

Goh and 

Chua 

(2016) 

Singapor

e 

43 

(survey) 

8 

(interview

) 

 

civil & structural 

engineers 

KAP survey and 

Interview 

C&S engineers are supportive of DfS, the level of DfS 

knowledge and practices need to be improved through more 

DfS guidelines and training. Different contractual 

arrangements between clients and designers could enhance 

the DfS effectiveness. 

Morrow et 

al. (2016),  

UK 13 design engineers from 

diverse groups (i.e. 

consulting; maritime; 

transportation, 

property; water and 

power). 

Face-to-face 

interview 

It has been recommended that much of designer existing view 

and understanding needs to be changed and educators and 

professional bodies can play an important role. 

Tymvios 

and 

Gambatese 

(2016b) 

US 765 contractors, designers 

(architect and 

engineers), and 

university facility 

owners 

Web-based 

questionnaire 

survey 

Architects were the least receptive to the idea, whereas the 

other groups were more likely to be supportive, with some 

hesitations. Architects and engineers identified the existence 

of economic, legal, and contractual obstacles for designers to 

practice PtD, whereas contractors only identified economic 

obstacles.  

Toh et al. 

(2017) 

Singapor

e 

257 

(survey) 

architects, C&S 

engineers, M&E 

engineers, 

KAP survey and 

Interview 

DfS knowledge needs to be improved. Despite a majority of 

respondents showed a positive DfS attitude, DfS practice was 

low. Statistically significant differences in DfS practice were 



7 

(interview

) 

developers/clients, 

project managers, and 

safety professionals 

found between developers/clients, CS engineers, and project 

managers. Three recommendations for improving DfS 

implementation: (1) enhance DfS training programs, (2) 

establish a DfS Community of Practice and (3) develop DfS 

courses in tertiary institutions. 

Manu et al. 

(2018) 

Ghana 132 

 

architect Questionnaire 

survey 

Low engagement in DfS practice despite a high level of 

awareness of DfS. Collective efforts by all key stakeholders 

would be required to encourage the DfS diffusion among 

design professionals. 

Manu et al. 

(2019) 

Nigeria 161 architect Questionnaire 

survey 

High DfS awareness but actual practice is low. There is 

increased interest in DfS training, but the engagement is low. 

Significantly, DfS awareness training, education and design 

professional membership have  minimal bearing on the DfS 

practice. 

Che 

Ibrahim and 

Belayutham 

(2020) 

Malaysia 49 C&S engineers Workshop: 

Discussion 

forum and KAP 

survey 

C&S engineers’ knowledge still requires improvement, 

particularly on the PtD principles. Although majority of the 

engineers very supportive, the practices of PtD were mostly 

work-in-progress. To improve PtD in the local context, three 

recommendations were proposed: the external forces, 

industry dynamics, and operational organisation factors.  

Abueisheh 

et al. (2020) 

Palestine 60 civil engineers, 

architect, Building 

engineer 

Questionnaire 

survey 

Engagement in DfS practices among the design professionals 

is shallow despite high awareness and positive attitude 

towards DfS. The construction industry stakeholders require 

collaborative efforts to improve DfS implementation. 
Guo et al. 

(2021) 
New 

Zealand 
176 

(survey)  

15 

(interview) 

Engineer (civil, 

mechanical and 

electrical), architect, 

health and safety 

professional 

Questionnaire 

survey & 

Interview 

Despite current legislation encouraging collaboration on DfS and 

fostering a positive DfS attitude, DfS knowledge could be 

improved. More information on DfS descriptions in legislation is 

required, as well as examples of good practices and case studies, 

examples of noncompliance, and impacts on small businesses. 

 



background) and organisational safety culture significantly impact their attitude towards DfCS. 

They also emphasised that hands-on experience is vital to enable designers to  

further develop their knowledge and understanding towards DfCS.  

In another study in Singapore, due to the introduction of Design for Safety (DfS) 

regulations in 2015, Goh and Chua (2016) initiated an exploratory study on the knowledge, 

attitude and practices (KAP) of civil and structural (C&S) engineers. A KAP survey with 43 

engineers was conducted, followed by interviews with construction professionals. The findings 

indicate that while C&S engineers support DfS, the level of DfS knowledge and practices need 

to be improved through more DfS guidelines and training. Also, establishing different 

contractual arrangements between clients and designers could enhance DfS effectiveness in 

construction projects. In the UK, Morrow et al. (2016) conducted face-to-face interviews with 

13 design engineers of diverse backgrounds to capture their perception of health and safety and 

its impact on their behaviour during the design activity. The findings indicate that the way 

designers’ view and understand OSH terms, including all of its associations, will influence how 

they deal with it during the design process. They have recommended that educators and 

professional bodies play an important role in changing the designers’ view and understanding 

of OSH. In the US, Tymvios and Gambatese (2016b) conducted a web-based questionnaire 

survey with over 3500 individuals from different organisations. Based on 765 responses, the 

architects were found to be the least receptive to the PtD idea, as compared to the other groups. 

In terms of obstacles to PtD, architects and engineers have identified the existence of economic, 

legal, and contractual obstacles for designers to practice PtD, whereas contractors have only 

identified economic obstacles. They suggested that the findings could enhance the planning for 

DfS education and training (for project teams) as well as for organisations in developing PtD 

diffusion strategies. 



In contrast, Toh et al. (2017) has examined the DfS knowledge, attitude, and practice 

(KAP) of multiple stakeholders in Singapore. The results showed that despite the positive DfS 

attitude, DfS practice was still low and DfS knowledge needs to be improved. The results also 

suggested that there are significant differences in DfS practices between developers/clients, 

civil & structural (C&S) engineers, and project managers. To improve the DfS implementation, 

they offered three recommendations; (1) enhance DfS training programs, (2) establish a DfS 

Community of Practice, and (3) develop DfS courses in tertiary institutions. On the other hand, 

based on a study by Manu et al. (2018) and Manu et al. (2019) in Ghana and Nigeria, 

respectively, they indicated that both countries have a similar concern, where despite the high 

level of DfS awareness, the engagement in DfS practices and trainings were still low. They 

also revealed that the demographic profile, size of an organisation, DfS training, education and 

design professional membership have minimal influence on designers’ engagement in DfS 

practices. Collective efforts by all key stakeholders, including clients, educational institutions 

and professional design bodies are needed to encourage the application of DfS among architects 

and other design professionals. In another country (i.e. Palestine), Abueisheh et al. (2020) 

reported similar findings regarding shallow DfS engagement, despite the stakeholders' great 

interest and positive attitude.  

Due to the recent introduction of OSHCI(M) in Malaysia, Che Ibrahim and Belayutham 

(2020) conducted a study exploring the KAP of PtD among C&S engineers towards OSHCI(M) 

implementation. Data were collected from 49 C&S engineers using a KAP questionnaire and 

discussion forum based on three PtD workshops. They found that the current state of C&S 

engineers’ knowledge still requires improvement, particularly on the PtD principles. Despite 

their positive attitude towards DfS, the practices of PtD were mostly work-in-progress. Three 

recommendations pertaining to the external forces, industry dynamics and operational 

organisation factors, were proposed for improving the DfS diffusion. Upon further analysis 



using Causal Loop Diagram (CLD), they suggested that the reliance on external forces will be 

reduced with the increase in industry dynamics that coherently also enhances the operational 

organisation towards PtD.  

Similarly, Guo et al. (2021) examined the New Zealand stakeholders’ KAP, the effect, 

and challenges on the new SiD regulation, i.e., New Zealand Health and Safety at Work Act 

2015. The findings revealed that, although SiD practices have successfully facilitated 

collaboration and a positive attitude toward SiD, there is still an urgent need to improve current 

SiD capability at the organisational and industry levels. Furthermore, increased effort must be 

made to ensure effective SiD diffusions, such as comprehensive DfS content in the current SiD 

regulations, more examples of good and non-compliance SiD practices, and the effects of SiD 

legislation on small businesses. 

Based on the previous studies (refer to Table 1), it is clear that regardless of the 

geographical context of the studies, there is an explicit agreement on the importance of 

exploring the current state of key stakeholders’ KAP at various levels (individual and 

organisation) as it would be able to provide an insight towards the awareness and readiness for 

DfS implementation.  Depending on the objectives and scope of the study, previous research 

efforts have indicated the need for such a KAP study, especially for countries with DfS related 

legislative frameworks in place. Another collective information retrieved from the literature is 

that, even though designers support DfS, the lack of knowledge among them is significant. 

Therefore, most of the studies have provided a wide range of solutions (from pre to during the 

working life of professionals) towards improving the DfS implementation.  

Overall, it is worth noting that although these studies have explored different types of 

key stakeholders, all of these studies rarely considered exploring the educators’ KAP towards 

DfS. The increasing need to consider the role of educators towards DfS diffusion necessitates 

the development of DfS for existing and future professionals through early and continuing 



education at both individual and organisational levels. Educators are important stakeholders 

that are able to provide a wider dimension of knowledge (e.g., theoretical, practical, etc), 

necessary for students to acquire the OSH skills to engage in the design process with any level 

of competency (Morrow et al., 2016). They could also facilitate the DfS educational 

development (e.g., curating DfS content, improving DfS curricula, developing interactive DfS 

pedagogical approaches), to be aligned with the accreditation and professional bodies 

requirements. Moreover, having competent educators equipped with DfS KAP could nurture 

the future stakeholders with safety and risk management knowledge and skills, related safety 

legislations and guidelines as well as strengthening their understanding of the roles and 

responsibilities, as well as ethical codes (in particular for engineers who should have the ability 

to fulfil their ethical duty to hold paramount the safety and health of human beings as outlined 

in their Code of Conduct) (Toole, 2017; Che Ibrahim et al., 2021), towards improving the safety 

performance in the construction industry. Building on the shortcomings identified from 

previous studies, this study sought to: (1) provide more insight into the current DfS KAP 

between academics and practitioners; and (2) recommend the mechanisms for improving the 

learning of DfS among the key stakeholders in the Malaysian construction industry. The 

following section discusses the methodological approach adopted to achieve the objectives of 

this study.  

 

4.0 Research Methodology 

A pragmatic methodological approach through mixed-methods was adopted, in particular KAP 

survey and discussion forum through several DfS workshops. The use of workshop as a 

platform for data collection will enable a greater degree of interaction with participants (who 

share a common domain) and also helps in setting expectations (i.e., DfS KAP) (Ørngreen and 

Levinsen, 2017). Despite the other study (i.e., Che Ibrahim and Belayutham, 2020) that has 



conducted DfS workshop for practitioners, the DfS workshop for academics is believed to be 

the first one organised in the country (since the introduction of OSHCI(M)) and was conducted 

in the collaboration with the regulatory body (i.e., DOSH). A separate series of DfS workshops 

have been conducted for academics and practitioners in 2019 and 2020, as part of an 

intervention programme initiated in collaboration with the Department of Occupational Safety 

and Health (DOSH) and Social Security Organization (SOCSO) Malaysia. The data collection 

in the workshop consisted of two methods; 1) KAP questionnaire survey and 2) discussion 

through presentations and forums. The design of the workshop was considered based on Tong 

et al. (2008) criteria, which were divided into three main domains: 1) research team and 

reflexivity; 2) study design; and 3) analysis and findings.  

Research team and reflexivity 

Six researchers (four male and two female) were involved in the management of the focus 

group. All researchers held academic positions in the same department (construction 

engineering and management) and institution. All of the team members who made up of senior 

and junior researchers, had prior experiences conducting research on OSH in the construction 

industry. Three of the researchers have PhD’s in construction engineering, while the other three 

have master's degrees in construction and were professional engineers registered with the 

Board of Engineers Malaysia (BEM). One of the six researchers is also a certified safety and 

health officer. It is also worth noting that all of the researchers were recognised as OSHCI(M) 

professionals by DOSH. Having researchers with the relevant experiences (related OSH 

teaching and learning, research, and consultancy activities) could increase the credibility of the 

research, subsequently influencing the trustworthiness of the research (Nowell, et al., 2017). 

 

 



Study Design 

The purposive sampling method was used to select academic and practitioner participants. This 

method is considered appropriate as both groups share similar characteristics (e.g., learning 

and practicing knowledge related to engineering and construction, participants have 

engineering and construction backgrounds) and have the potential to provide rich, relevant and 

diverse data pertinent to the subject of construction OSH (Tong et al., 2008; Creswell, 2013). 

The academic participants were chosen (via the researchers' network of contacts) based on their 

current employment in educational institutions in Malaysia that offer engineering programme 

(see data released by the BEM through the Engineering Accreditation Department (EAC, 

2020)). On the other hand, the practitioner participants were chosen (via DOSH contacts for 

design and construction firms) based on their active involvement in construction OSH 

engagement activities. Although the possibility of selection bias (i.e., the selection of 

individuals based on networking and connections) might exists, such bias was reduced by using 

specific criteria (e.g., academics in accredited EAC programmes and firms that are active in 

OSH engagement, having related engineering and construction background) (Bhandari and 

Hallowell, 2021). Also, academics and practitioners from different disciplines could minimise 

possible bias (e.g., confirmation and optimism) against group consensus on the output 

(Bhandari and Hallowell, 2021). Prior to each of the scheduled workshop, an invitation letter 

that details the purpose of the study was sent through email to 30 academics (in 15 different 

educational institutions that offer construction and engineering programmes) for each DfS 

(academic) workshop and 30 firms for each DfS (Industry) workshop. In addition, a continuous 

communication (i.e., telephone, email, WhatsApp) follow-up was also done to confirm the 

participation. Nonetheless, not all invited participants were able to participate due to work 

commitments.  



Two series of DfS workshops with 35 academics and three series of DfS workshops 

with a total of 54 construction practitioners were conducted within the institution as a platform 

to gather data. It is worth noting that the sampling for each workshop follows Creswell’s (2013) 

recommendation that a group of five to 25 participants are expected to participate in a 

qualitative research exercise.  A pilot discussion was held among the researchers (for each DfS 

workshop) before the actual event to ensure a consistent understanding on the arrangement of 

the KAP survey and focus group protocol (e.g., introduction and explanation of the framework 

of the study, basic rules and clarity on the terms and potential questions posed). The discussion 

took place in a meeting room, and each pilot session lasted between 45 minutes to an hour. The 

conduct of these workshops was the same, except for one workshop held in the third quarter of 

year 2020, during the recovery movement control order (RMCO) due to the COVID-19 

pandemic, which requires certain preventive measures (e.g., social distancing, wearing of 

masks, body temperature control etc.). The workshop was structured to enable an interactive 

environment, with five presentations and one plenary session. All the sessions were conducted 

in English, to align with the terms and descriptions used in the OSHCI(M) guidelines. The first 

session was on the introduction of OSHCI(M) (presented by DOSH officer), followed by four 

sessions related to DfS concept (presented by five researchers); 1) Overview of OSHCI(M); 2) 

Introduction to DfS (incorporated a subtopic on the Aspect of Safety in EAC requirements in 

DfS workshop for academic); 3) Design and Risk Management; 4) Good Design Practices; 5) 

Tools and Resources to Support DfS and Health and Safety File.  

4.1 KAP Questionnaire Survey 

There is increasing recognition within the literature that understanding a specific population to 

what is known, believed and done in relation to a particular topic can be captured through 

Knowledge, Attitude, and Practice (KAP) surveys (ul Haq et al., 2012). The attractiveness of 

KAP surveys is influenced by its characteristics, such as straightforward design, quantifiable 



data, brief presentation of results, generalisability of small sample results to a wider population 

and cross-cultural comparability (Launiala, 2009). While KAP studies are widely adopted in 

health research, few construction studies have adopted this method. The use of KAP survey in 

construction research is suitable because of its ability to gauge the extent of a known or new 

situation (new technologies or new safety policy being introduced to the industry) and enhances 

the KAP of specific themes (Toh et al., 2017). Thus, this study adopted the KAP survey to 

explore what is known, and what have been implemented in regards to DfS practices.  

The development of the KAP questionnaire was done based on the studies by Goh and 

Chua (2016) and Che Ibrahim and Belayutham (2020) (to enhance the construct validity of the 

survey), with few modifications. Initially, four experts (two academics and two practitioners) 

involved in OSHCI(M) activities (i.e., conducting seminars, developing modules) were 

consulted to confirm the suitability of the content (e.g., context, variables) and scale items, 

hence ensuring the content validity of the KAP questionnaire. In each of the workshops, 

participants were given a structured KAP questionnaire survey on DfS before the first session 

(this was done to ensure that the participants' KAP status was not affected by the presentation 

and discussion throughout the workshop). The KAP survey was administered to 89 participants 

(in five series of workshop). To measure the levels of various aspects of DfS KAP, the 

questionnaire was divided into four distinct sections. In addition to the demographic 

information (e.g. position, age, years of experience and contact details), three remaining 

sections address the elements of KAP as follows; 

Section A: DfS Knowledge: Six questions were asked (in the form of multiple-choice questions 

and five-point Likert scale from “least familiar” to “most familiar”) in relation to how far 

academic and practitioner corresponds to DfS; for example, their first knowledge on DfS, 

source of knowledge, understanding of DfS and familiarity with the hierarchy of safety controls 

for various hazards 



Section B: DfS Attitude: Seven questions (in the form of multiple-choice questions, five-point 

Likert scale from “least important” to “most important” and five-point ranking) were asked in 

relation to the interaction of beliefs and values towards DfS; for example, the importance of 

DfS implementation, which stakeholders have the most significant influence and motivations 

and the factors contributing to the DfS attitude.  

Section C: DfS Practices:  Five questions (in the form of multiple-choice questions, five-point 

Likert scale from “least important” to “most important” and open-ended) were asked in relation 

to the practicality of DfS; for example, the frequency of DfS practices, problems related to 

implementing DfS, tools and resources. This section also investigates the impact of DfS on 

various project performances. 

Data Analysis 

Data from the KAP survey were analysed systematically through descriptive and inferential 

statistical analysis. All the categorical variables in the KAP survey were presented as 

frequencies and percentages, while continuous variables were shown as Mean ± Standard 

Deviation. In addition, analysis of variance (ANOVA) and crosstab analysis were conducted 

to explore the DfS differences between groups (i.e., academic and practitioner) on specific 

variables (e.g., construction hazards, project performance etc.) and associations between 

respondents’ characteristics (e.g., their DfS awareness, education, training, and work 

experience) and DfS implementation. 

4.2 Discussion through Presentations and Forum  

The forum was conducted at the end of the workshop (last session and lasted about an hour) 

with the theme ‘Improving the DfS practices in the construction industry’ for practitioner 

workshop and ‘Shaping the DfS education in Tertiary Education’ in order to capture the 

opinions on what it takes to improve the DfS KAP from early stages of education until working 



in the industry. In particular, relevant semi-structured questions were formed for both academic 

and practitioner workshops based on Creswell’s (2013) suggestion that questions should be 

formed within the specific context that influences the experiences (e.g., how an individual's 

experience (as academic or practitioner) affects OSH practices). As a result, the following 

questions were posed:  

 Please share your thoughts on improving current OSH or more specific DfS practices 

in your current work sector based on your experience and involvement in the current 

profession. Please provide your reasonings for it;  

 Does the current practice or initiative, in your opinion, enable designers / future 

designers to implement the DfS practices? 

During the discussion, additional follow-up questions were asked to gain greater clarity 

and obtain more detailed information about their responses. It is worth noting that any questions 

or concerns raised during the presentation were noted and discussed further during the forum. 

To ensure that the data is saturated, the researchers summarised the discussion and 

reemphasised the key findings at the end of the session, ensuring that the participants did not 

have additional feedback or issues. 

Data Analysis 

This study adopted a step-by step approach, involving six phases to establishing the 

trustworthiness of the thematic analysis as suggested by Nowell et al. (2017). Phase 1 entails 

becoming acquainted with the data through organising, documenting, and transcribing the 

digitally recorded (with the participants' verbal consent) data using smartphones, and notes 

were taken throughout the session. This phase also involved an active reading exercise in search 

of meanings and patterns. Phase 2 involved generating the initial coding framework (e.g., 

identify important sections of text and attached specific labels) through the continuous meeting 



(for peer debriefing) to facilitate synchronisation of the researchers’ thoughts and ideas. Phase 

3 and 4 focus on searching and reviewing the proposed themes. Based on the initial coding, the 

themes were generated inductively to reflect the coherence of the findings. For example, 

contextual information associated with ‘collaborate with accreditation agencies to mandate the 

PtD education,' was extracted from transcription and coded as ‘early learning,' and classified 

under the ‘DfS learning’ theme. Information related to ‘joint teaching between academic and 

practitioner on DfS’ was coded as ‘empowering collaboration between academics and industry’ 

and classified as ‘continous engagement in the design and delivery of education and training’. 

Another example is the information related to ‘firms need to provide more integrated DfS 

training with digital technologies’ that was coded as ‘ICT related training' and classified under 

the ‘organisational DfS learning' theme. Other quotations considered conceptually similar in 

the sense of DfS learning in education or practice were similarly coded and grouped into one 

of the broad themes. A member of the research team undertook the coding. Next, to increase 

the methodological rigour, all the assigned quotations were reviewed by all the researchers in 

terms of their coding and themes, as well as any duplications to ensure that any conflicts were 

resolved, and they represent the shared meaning underpinned by the concept of DfS learning. 

In Phase 5,  additional team consensus on the themes were conducted through discussion (e.g., 

senior researchers debriefed junior researchers, questioning the entire inquiry and analysis 

process) to ensure all team members were satisfied with the findings being organised in a 

meaningful and systematic manner. Phase 6 involved finalising the research findings where 

themes were further consolidated and linked to the findings of the KAP survey and extant 

literature to provide a more dynamic insight between academics and practitioners on DfS 

practice. 

5.0 Results and analysis 

5.1 Demographic Characteristics of Respondents  



A total of 89 survey responses were collected across five series of DfS workshops. As 

presented in Table 2, response rates of 35 (39%) and 54 (6%) were obtained from the academics 

and practitioners, respectively. Of the 35 academics respondents who returned the 

questionnaire, 38% were male and 62% were female. Their ages ranged from 26 to 55 years. 

These included 24 lecturers (69%), six senior lecturers (17%), three heads of programme (8%) 

and two managers (6%). The majority of the respondents (57%) worked at private universities. 

As for the practitioners, 68 per cent were male and 32 per cent were female. Their ages ranges 

from 30 to 59 years. From the 54 practitioner responses, the respondents have described their 

job functions as engineer and senior engineer (55.6%), manager (13%), director (13%) and site 

officer (18.5%). The survey participants have extensive experiences in the construction 

industry, as the majority of respondents had experiences between 10 to 15 years (56%), 

followed by twenty per cent (20%) of respondents that claimed to have experiences between 

16 to 20 years. From the demographic results, it can be seen that the range of age and years of 

experience for both groups are significant. This would enable a more conclusive and less bias 

analysis, as it covers opinions from the very experienced professionals to junior professionals. 

Also, it is worth noting that almost half of the respondents (both academics and practitioners) 

were registered as Professional Engineers under the BEM. As for academic qualifications, the 

majority of them hold a PhD in different engineering disciplines. 

Table 2: Demographic characteristics of respondents 

Target 

Groups 

Academic (N = 35) Industry (N = 54) 

Workshop DfS 1 DfS 2 DfS 1 DfS 2 DfS 3 

 

Month / Year April 2019 August 

2019 

February 2019 April 2019 August 

2020 

Number of 

participants 

16 19 20 17 17 

Types of 

Organisations 

12 Private Universities 

7 Public Universities 

3 Polytechnics 

6 Government related agencies  

40 Private organisations (contractor, 

consultant, developer) 



Other Profile Attribute Percentage  Attribute Percentage 

Designation 

(Academics) 

Lecturer  69% Designation 

(Practitioners) 

Engineer 55.6% 

Senior 

Lecturer 

17% Manager 

(Project, 

Construction, 

Safety) 

13.0% 

Head of 

Programme 

8% Project 

Director 

13.0% 

Manager (e.g. 

Accreditation, 

Quality) 

6% Site Officer 18.5% 

Academic 

Qualification 

PhD 69% Years of 

Experience 

Less than 10 

years 

10 – 15 years 

14.4% 

 

56% 

MSc 20% 16 - 20 years 20.4 

Degree 11% More than 20 

years 

9.2% 

Professional 

Qualification 

Ir. 20% Professional 

Qualification 

Ir. 28% 

Ts. 20% Ts. 4% 

Ar. 3% Ar. 4% 

Sr. 3% Sr. 2% 
Note: Professional Qualification: Ir. = Professional engineer; Ts. = Professional Technologist, Ar. = Professional 

Architect; Sr. = Professional Quantity Surveyor. 

 

5.2 Assessment of knowledge on DfS 

The DfS knowledge was assessed through questions focusing on awareness, learning method, 

training, understanding, familiarity with common hazard, and the control hierarchy. First, the 

respondents were asked when they first heard about the DfS concept and their means of 

knowing about it. From the analysis, about 78% of the practitioners and 57% of the academics 

mentioned that they had not heard of DfS before the workshop. Those who have known DfS 

before the workshop (43% of academics and 22% of practitioners) claimed to have known 

about this concept through related OSH websites and by attending seminar/conferences. Only 

a few have mentioned that they have learned about DfS during their tertiary education. This 

result suggests that engagement activities were the primary sources of information on DfS for 

both groups. 



In terms of DfS related training, there was no significant difference between academics 

and practitioners as both groups recorded about 80% of respondents who have never attended 

any DfS related training courses. This high percentage may be because DfS is a new concept 

in the country, introduced through the OSHCI(M) and not many platforms offer DfS related 

courses/training. Upon further probing, it was realised that the current or on-going official 

training for OSHCI(M) is based on invitation, as the regulatory bodies i.e., DOSH and CIDB 

are still piloting the OSHCI(M) module training with selected professionals. The majority of 

respondents for both academics and practitioners perceived their understanding of OSHCI(M) 

as “fair” towards “well,” with a sample mean of 3.69 and 3.70, respectively.  

 Academics and practitioners were also asked about their familiarity with the different 

types of hazards and the most effective hierarchy of control measures to manage hazards at 

construction sites. From the findings (shown in Table 3), it can be seen that there are differences 

between both of the groups on how they perceive common construction hazards. Academics 

rated “Bad working postures, often in confined spaces” (mean = 3.74), “emergency evacuation” 

(mean = 3.71) and “Injuries due to hand tools” (mean = 3.69) as first, second and third, 

respectively. In contrast, practitioners rated “Falls from working at height” as the most familiar 

hazards (in terms of control) (mean = 4.04). This was followed by “Inhalation of dust” (mean= 

3.76), “Loud noise” as well as “Moving heavy loads” (mean = 3.72) in second and third 

position, respectively. Upon further analysis using ANOVA, while there was no significant 

difference between both groups on the common construction hazards (p >0.05), there was a 

statistically significant difference between the groups for “falls from working at height” (F 

(1,87) = 4.639, p = 0.034) and “Bad working postures, often in confined spaces” (F (1,87) = 

5.291, p = 0.024) hazards. However, it was found that both academics and practitioners have 

rated “exposure to radiation” as the least familiar hazards with a mean 2.80 and 2.35, 

respectively. The results indicate that while academics were more familiar with latent hazards 



(due to their underlying/distal nature in the process of accident causation), practitioners were 

more focused on the patent hazards (more obvious and are closer to accidents or adverse health 

and safety outcomes). The analysis of the validity of the results’ internal consistency of the 16-

items was further conducted for both groups, resulting in Cronbach coefficient of 0.952 and 

0.954 for academic and practitioner, respectively. The results confirm (Cronbach coefficient 

more than 0.70 threshold value) that the measurement scale was internally consistent and 

reliable.  

Table 3: Familiarity with the controls for common construction hazards 

  Academic Practitioner 

No.  Hazard Mean Standard 

Deviation 

Mean Standard 

Deviation 

1 Exposure to radiation 2.80 1.023 2.35 1.320 

2 Working near, in, or over 

water 

3.11 1.231 3.26 1.262 

3 Exposure to dangerous 

substances (chemical and 

biological substances or 

material) 

3.14 1.332 2.91 1.391 

4 Being struck or crushed 

by a workplace vehicle  

3.40 1.143 3.28 1.220 

5 Vibration from tools or 

vibrating machinery 

3.46 1.121 3.59 1.141 

6 Handling of rough 

materials 

3.63 1.165 3.48 .986 

7 Emergency evacuation 3.71 1.017 3.46 1.209 

8 Bad working postures, 

often in confined spaces 

3.74 1.146 3.15 1.219 

9 Struck by falling objects 3.46 1.146 3.63 1.104 

10 Crush injuries in 

excavation work 

3.31 1.255 3.52 1.285 

11 Injuries due to hand tools 3.69 1.207 3.67 .952 

12 Loud noise 3.63 1.239 3.72 1.017 

13 Moving heavy loads 3.34 1.162 3.72 1.036 

14 Inhalation of dust 3.57 1.092 3.76 .970 

15 Slips and trips 3.63 1.165 3.54 1.094 

16 Falls from working at 

height 

3.54 1.358 4.04 1.045 

No. Hierarchy of Control 

Measures 

Academic Practitioner 

Frequency Percentage Frequency Percentage 

1 Administrative controls 9 25.7 2 3.7 

2 Elimination of hazards 22 62.9 43 79.6 

3 Engineering controls 2 5.7 3 5.6 



4 Substitution of hazards 1 2.9 3 5.6 

5 Use of PPE 1 2.9 3 5.6 

 

Respondents were also asked to select the most effective hierarchy of control measures 

to manage hazards at construction sites. The results showed that both academics and 

practitioners voted ‘Elimination of hazards’ as the most effective control measure with 62.9% 

and 79.6%, respectively. This indicated that most respondents (73%) were knowledgeable in 

terms of the hierarchy of hazard controls. With reference to Table 3, it is interesting to note 

that while practitioners believed that all other control measures would be the least effective of 

all controls, some for the academic respondents (25.7%) indicated that administrative controls 

would be adequate to ensure the protection of the construction workers. Upon further analysis 

on the characteristics of the respondents who voted for administrative controls, it was found 

that those who currently hold managerial positions were keener on this approach. This may be  

because their day-to-day activities are influencing them (e.g., working documentation on work 

policies and procedure.).  

 

5.3 Assessment of Attitude towards DfS 

KAP survey results (see Table 4) indicated that the majority of respondents in both groups, 

97% for academic and 80% for practitioners, considered the DfS implementation as “very 

important” and “important,” and 92% of total respondents agreed that DfS should be included 

as part of their professional duties. This was further supported by the results of a one-way 

ANOVA that indicates no significant differences (F (1, 87) = 2.866, p (0.094) > .05) between 

both groups on the importance and support of the DfS implementation. This acceptance could  

positively affect the ongoing efforts of OSHCI(M) implementation in the construction industry. 

The respondents from both groups also agreed that DfS will positively impact construction 

workers’ and end users’ safety. 



Table 4: Different group attitudes towards DfS 

 

Groups 

Importance of DfS 

Very 

important 

(%) 

Important 

(%) 

Neutral 

(%) 

Unimportant 

(%) 

Very 

unimportant 

(%) 

Academic 91.4 5.7 0 0 2.9 

Practitioner 70.4 18.5 7.4 3.7 0 

 Greatest influence on the overall safety of the design 

Developer/ 

client (%) 

Consultant 

(%) 

Contractor 

(%) 

End users 

(%) 

Maintenance & operation 

team (%) 

Academic 60 25.7 11.4 2.9 0 

Practitioner 57.4 25.9 3.7 9.3 3.7 

 Greatest motivation for undertaking DfS in design activities 

Developer/ 

client (%) 

Consultant 

(%) 

Contractor 

(%) 

End users 

(%) 

Maintenance 

& operation 

team (%) 

Regulatory 

Bodies 

(%) 

Academic 31.4 34.2 8.6 0 2.9 22.9 

Practitioner 35.2 11.1 0 16.7 0 37 

 

Focusing on the influence of stakeholders on the safety of a design, both academics and 

practitioners agreed (there was no significant difference (F (1, 87) = 1.726, p (0.192) > .05) 

that client has the most significant influence on designers when applying safety in design. Other 

studies (e.g. Toh et al., 2017; Che Ibrahim and Belayutham, 2020) also found similar findings 

where the client who is normally the funder for projects, have to consider the cost/benefit of 

the DfS implementation as the business case (Tymvios and Gambatese, 2016b). In terms of the 

greatest motivation for DfS implementation, there was a significantly different view (F (1, 87) 

= 5.039, p (0.027) > .05) observed between the academics and practitioners. The former 

indicated consultant as the greatest motivation for DfS, while the latter preferred the regulatory 

bodies as their motivator. Client comes in the second place for both groups with 31.4% and 

35.2%, respectively. The academics believed that the consultants, in particular, the dominant 

design firms (i.e., architectural and civil & structural) should collectively share the safety 

responsibility because the philosophy of the DfS concept is to mitigate risk at early design 

phases. In contrast, the practitioners emphasised that institutional pressure from regulatory 

bodies (e.g., DOSH, CIDB), by having DfS legislative and compliance framework could  



Table 5: Ranking of factors contributing to the DfS attitude and project performance criteria with respect to DfS 

No. Factors contributing to the DfS 

attitude 

Ranking % 

No. 1 No. 2 No. 3 No. 4 No. 5 

P A P A P A P A P A 

1. Availability of DfS tools and 

guidelines for use and reference 

5.6 8.6 5.6 22.8 21.3 54.3     

2. Legislative enforcement on DfS 

by the authority 
59.3 34.3         

3. Designers’ mindset towards 

Safety 

33.3 25.7 21.3 31.4     -  

4. Continuous training on DfS to 

engage and guide designers 

- 20.0 3.4 11.4 12.4 5.7 23.6 31.4   

5. Experienced and qualified Design 

for Safety Professional 

1.9 11.4 11.2 11.4 16.9 5.7 11.2 28.6 18.0 40.0 

            

No. Project performance criteria 

with respect to DfS 

Ranking % 

No. 1 No. 2 No. 3 No. 4 No. 5 

P A P A P P A P A P 

1. Cost 15.7 8.6 18 14.3 16.9 60.0     

2. Quality 4.5 17.1 20.2 42.9      - 

3. Safety 39.3 42.9         

4. Aesthetics  1.1 17.1 2.2 11.4 1.1 - 10.1 22.9 44.9 48.6 

5. Productivity  - 14.3 9.0 8.6 7.9 2.9 36.0 48.6   

Notes: P = Practitioners, A = Academics, “-“ denotes no response in ranking the factor



influence their DfS implementation. This is supported by the findings where 97.8% of the total 

respondents preferred OSHCI(M) to be mandatory or full enforcement rather than voluntary. 

Upon further analysis (ranking was analysed using plurality voting method) of the factors 

contributing to the attitude towards DfS, it was found that both academics and practitioners 

have similar opinions on the factors. With reference to Table 5, “Legislative enforcement on 

DfS by the authority” was ranked as no. 1, followed by “Designers’ mindset towards Safety”  

and “Availability of DfS tools and guidelines for use and reference” as no. 2 and 3, respectively. 

The “Continuous training on DfS to engage and guide designers” and “Experienced and 

qualified Design for Safety Professional” was ranked fourth and fifth, respectively. Gambatese 

et al. (2017) argued that the paradigm shift in the mindset of the design professional is critical 

to increasing designers’ consideration in addressing workers’ safety. Similarly, Lingard et al. 

(2014) emphasised that legislative approaches are likely to influence how effectively the 

designers fulfil their health and safety roles and responsibilities. 

With regards to their opinion on the priority of project performance criteria with respect 

to DfS, both groups indicated similar ranking of criteria. The “safety” factor was regarded as 

the highest priority when adopting DfS. The “Quality” was ranked second, followed by “cost” 

and “productivity” in third and fourth, respectively. The “Aesthetics” criteria were voted to be 

the least priority when adopting DfS. 

As for the factors driving their motivations to adopt DfS, both groups suggested that 

safety-related factors, i.e., “Improved construction workers, facility occupant / end-user safety” 

and “Safety is a moral and ethical obligation” were the top two most important factors. This is 

followed by “Enhanced firm reputation” for practitioners and “Improved project performance  

(time, quality & cost)” for academics at rank number three. The factor of “Recognition from 

owner / client” and “Embracing the concept of social equity & equality” were considered to be  



the least motivational factors by practitioners and academics, respectively.  Although the 

results indicated a high level of awareness and positive attitude towards DfS, the lack of DfS 

training (80% of the respondents have never attended any DfS related courses) might hinder 

the effectiveness of the DfS implementation. 

5.4 Assessment of DfS practices 

The first question asked in this section was the experiences of addressing DfS. Practitioners 

were asked if they had the experience of addressing construction workers’ safety at the design 

phase, while the academics were asked if they have ever emphasised on the safety of 

construction workers in the integrated design projects (IDP) course. There was a strong 

agreement among academics that they have never explicitly considered the safety of 

construction workers in the IDP course. This result showed a significant lack of DfS education 

embedded in engineering programmes at the tertiary level. In contrast, about 37% of 

practitioners have never experienced implementing such practice and 35.2% of them 

sometimes incorporate OSH during the design phase. Upon further analysis, it was found that 

the majority of those who (n = 13) have sometimes considered OSH during design were the 

ones who had work experience between 10 to 15 years. This shows that the experienced 

practitioners might perceive the integration of OSH as a normal practice in design activities. 

Regarding Figure 1, it can be seen that both groups believe that the use of “design checklist” 

could act as a main tool and resource to assist in the DfS-related activities. This is followed by 

“constructability reviews” (for practitioners) and “risk-related tools” (for academics). In 

contrast, the “periodic design reviews” and “constructability reviews” were the least preferable 

tools and resources for practitioners and academics, respectively. When asked about the 

anticipated problems faced by the designers when adopting DfS (see Figure 2), both 

practitioners and academics indicated that “cost consideration from client” as the major 

problem with 79.6% and 74.3%, respectively. This is followed by “lack of design 



guide/examples of safe design” for both practitioners (59.3%) and academics (54.3%) as well 

as “lack of organisational support” for academics (54.3%). In addition, both groups indicated 

that “fear of construction liability” as the least problem that could inhibit the DfS adoption.  In 

general, practitioners expressed more concerns about the practicality of the DfS 

implementation than academics who expressed more on the internal / management of the DfS.  

 

Figure 1: Preference of tools and resources for DfS-related activities 

 

On the other hand, respondents were also asked about the potential impact of DfS 

towards project performance (i.e., cost, time, quality, productivity, safety and social). The 

majority of the respondents from both groups agreed that adopting DfS could increase the 

project (design and construction) cost (74.3% of academics and 64.9% of practitioners). The 

timeline of the project will also increase due to more extended DfS activities during the design 

phase (51.4% of academics and 54.1% of practitioners). The quality of the project will also 

increase with 68.6% of academics and 78.4% of practitioners stating so. There was also an 
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agreement from both groups that the productivity will increase (74.3% and 70.3% in academics 

and practitioners, respectively). The adoption of DfS will have the possibility of reducing 

injuries and fatalities (77.1% of academics and 91.9% of practitioners). Also, the majority of 

the respondents predicted that social sustainability would also increase (48.6% and 45.9% in 

academics and practitioners, respectively) due to the DfS principles, which embraces the spirit 

of collective and collaboration between all parties (Toole and Carpenter, 2013). The one-way 

ANOVA analysis supports this (See Table 6), indicating that there were no significant 

differences (p > .05) between groups on the potential impact of DfS towards several dimensions 

of project performance in construction. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Anticipated problems when adopting DfS.  

 

The final question asked was the effectiveness of the OSHCI(M) guideline to facilitate 

the DfS adoption. The majority of respondents from practitioners (53.7%) and academics 

(45.7%) indicated that they do not know whether OSHCI(M) could facilitate the DfS 



implementation because they have never seen the guideline. This is a significant concern as, 

after almost three years from the official introduction of OSHCI(M), there is still a lack of 

awareness of the existence of the guideline.  

Table 6: ANOVA results for potential impact of DfS towards project performance 

Project 

Performance 

Sum of Square df F Sig. (p) 

Cost 31.281 88 0.452 0.503 

Time 52.180 88 1.607 0.208 

Quality 28.472 88 0.116 0.734 

Productivity 31.124 88 1.450 0.232 

Safety 47.528 88 2.751 0.101 

Social 83.888 88 1.673 0.199 

 

6.0 Enhancing DfS learning in construction 

Based on the responses gained from the KAP survey and the discussions held during the 

presentation and forum across five DfS workshops, there is a widespread recognition that DfS 

learning among professionals is vital in ensuring the success of DfS adoption. The investigation 

through the survey of KAP from both groups revealed that the level of DfS KAP is still 

progressing and it needs further improvement.  In particular, common consensus among 

academics and practitioners indicated that there is an urgent need for a systematic approach 

that uses learning as a key element, for both, short term increase of awareness and 

understanding of the DfS and also to build long term, sustainable preventive culture among 

design professionals in the construction industry. Based on the triangulation of quantitative 

(KAP survey) and qualitative (Discussion through Presentations and Forum) data analysis 

across these five workshops, three broad themes were finalised: 1) Creating a culture of shared 

DfS learning; 2) Continous engagement in the design and delivery of education and training; 

and 3) Organisational lifelong DfS learning. As a result, the three themes form the potential 

mechanism towards improving the learning of DfS knowledge, attitude and practice of design 

and construction professionals (see Table 7).  



Table 7: Summary of findings to improve DfS learning in Malaysia 

Broad Themes Factors Attributes Best practices 

Creating a culture of 

shared DfS learning  

Early DfS learning  

 

 

Knowledge, 

Attitude 

Formal DfS education to be introduced through incorporating/embedding 

OSH or DfS (a specific DfS topic, sessions or modules) in the curricula.  

 

The use of a mix of “best practice” processes, guidelines or tools (i.e. 

innovative pedagogical or computer-based) could also be integrated into the 

teaching and learning methodology 

Continuing DfS Learning  

 

 

Knowledge, 

Attitude, Practice 

Focus on working individuals who are unable to undertake traditional 

classes due to work commitment. 

 

The use of the micro-credential educational programme (e.g. professional 

development or competency-based programme), seminar or distance 

learning through virtual education (e.g. massive open online course 

(MOOC)). 

Robust evaluation 

framework for education 

and training  

 

Knowledge, 

Practice 

Funding for research and development towards continuous improvements 

of DfS education and training. 

Developing a common 

language  

Attitude, Practice Having a common language could reinforce designers’ understanding on 

the preventive principles  

 

Ensuring all key construction stakeholders are on the same page on DfS 

practices 

Continous engagement in 

the design and delivery of 

education and training  

Empowering 

collaboration between 

academics and industry  

Knowledge, 

Attitude, Practice 

Co-design and co-delivering of education and training for future and 

existing design/construction professionals 

 

 

Capturing collaborative-

based experience  

Attitude, Practice Add value to DfS training by incorporating lessons learned from 

professionals who have been involved in collaborative project delivery  

Practical Guidance  Knowledge, 

Practice 

Establish clear, accessible and simple guidance (e.g. industry safety 

standard, code of practice and guidelines for DfS) 

Wider community 

engagement  

Knowledge, 

Practice 

Engage with diverse designers through seminars, workshops or focus group 

discussion  



 

Organisational lifelong 

DfS learning 

 

DfS training in relation to 

latest technology  

Knowledge, 

Practice 

More focus on training in relation to the latest technology such as Building 

Information Modeling (BIM) and virtual reality (VR) 

Enhancing capacity 

building  

Attitude, Practice The use of peer to peer influence and role models to champion change 

Creating learning 

environment 

Knowledge, 

Attitude, Practice 

Conduct inhouse or external training programme (practical or awareness-

raising training)  

 

Hosting learning lunches as a regular office event through inviting inspiring 
figures or professional (academics or practitioners) with DfS experiences 

 



6.1 Creating a culture of shared DfS learning 

It has been widely acknowledged that culture change must be at the centre of the efforts to 

improve the OSH in construction. One of the most cited factors for improving DfS culture was 

through the early DfS learning.  Considering that only 7% of the total respondents (both groups) 

have acquired DfS learning during their tertiary education indicates that the current engineering 

educational landscape has lagged in the DfS concept or the associated safety subjects. 

Nurturing designers at early stages of their education has been highlighted as an important 

factor in enhancing designers' OSH capability and competency upon graduation (Mann III, 

2008; Toole, 2017).  

One area of consensus found during the workshops was that formal DfS education has 

to be introduced. The existing engineering and built environment curricula must be modified 

to include more construction site safety courses, including sections on DfS in existing courses. 

Similar arguments (i.e., the need for DfS education in formal education) have also been 

emphasised by other studies in the developing countries (Oney-Yazici and Dulaimi, 2015; 

Manu et al., 2019). Feedback from workshops suggested that suitable avenues or platforms 

have to be made to approach the accreditation bodies, such as Engineering Accreditation 

Council (EAC) under BEM, to embed the DfS into the curricula. Strengthening and 

enforcement of the DfS legislative and compliance framework could influence the EAC to 

reconsider the inclusion of DfS as part of the programme outcomes. The institutional and 

industrial pressure could drive the DfS as a requirement for academic programs (Din and 

Gibson, 2019a). Despite the challenges of adding topics related to DfS to any engineering 

curriculum is significant (López-Arquillos et al., 2015; Toole, 2017), the efforts towards this 

initiative can be seen in the developed countries (e.g., USA and Australia) (Popov et al., 2013; 

Din and Gibson, 2019a) and developing countries (e.g., Malaysia and South Africa) 

(Goldswain and Smallwood, 2015; Che Ibrahim et al., 2021). Apart from introducing specific 



DfS topics, sessions or modules in the courses, respondents emphasised that learning enriched 

with incidents and good practices from case studies could be the best way to instil the DfS 

experience in the classroom. The fact that DOSH is currently running ten OSHCI(M) pilot 

projects, it is just timely  to gather all necessary best practices, as part of developing the 

educational resources. DOSH could act as the moderator to facilitate the access to locally 

relevant incidents and best practice reports for the development of educational learning content. 

In addition to case study-based learning, introducing more innovative pedagogical approaches 

have been highlighted during the discussion.  The use of a mix of “best practice” processes, 

guidelines or tools (i.e., computer-based) could also be integrated into the teaching and learning 

methodology to further enhance students’ understanding not only on OSH design thinking but 

also its multifaceted context such as ethics, sustainability, collaborative design and 

construction, lifecycle approach and public policy (Behm et al., 2014; Toole, 2017; Din and 

Gibson, 2019b).  

 A further shared DfS learning factor is related to continuing DfS education. In this 

regard, the learning focuses on the individual or professionals who are working and unable to 

undertake traditional classes due to work commitment. The need for the post-learning curve is 

crucial for designers to keep abreast of OSH KAP. Given that most of the respondents (from 

both groups) have not heard about DfS / OSHCI(M) although it was introduced about three 

years ago, the need for continuous learning is evident. As found in the survey, continuous 

training on DfS to engage and guide designers could influence the attitude of designers towards 

DfS adoption. It has been suggested that universities could play an active role in providing the 

continuing DfS education through micro-credential educational programme (e.g., professional 

development or competency-based programme), seminar or distance learning through virtual 

education (e.g., massive open online course (MOOC)). 



Establishing educational and training resources and ensuring a robust evaluation of all 

education and training is vital to facilitate continuous improvement for future DfS education 

and training. Specific funds could be allocated for research and development, where DOSH 

and CIDB could play a vital role to fund or facilitate a discussion with major research funders 

and those academically active in safety education. 

 Another context that has been discussed in nurturing the culture of DfS is the need to 

develop a common language towards the DfS practice. Even though such a factor is rarely 

mentioned in the literature (especially in developing countries), having a shared understanding 

of DfS principles is critical in avoiding communication breakdowns and increasing designers' 

safety responsibilities (Gibson et al., 2020). Despite the variety of acronyms used for DfS, such 

as PtD and CDM, the introduction of OSHCI(M) in the local industry has commanded 

consensus among the participants, as well as DOSH that OSHCI(M) will be used as the 

standard term in addressing such practice in the local context. A common language/ term could 

reinforce designers’ understanding of the preventive principles outlined in the OSHCI(M). As 

OSHCI(M) will form part of the OSH legislative framework (embedded in OSHA) (Che 

Ibrahim and Belayutham, 2020), providing a widely accepted definition is vital to ensure all 

key construction stakeholders are on the same page when it comes to OSHCI(M) expectations. 

 

6.2 Continous Engagement with all key stakeholders in the design and delivery of education 

and training 

Majority of the participants from the workshops believed that the need for continuous 

engagement with all key stakeholders is vital to ensure the feasibility and practicality of the 

education and training. There was an agreement that the design and delivery of DfS education 

and training have to be empowered by academics and industry. Previous scholars support this 

(e.g., Toh et al., 2017; Manu et al., 2018), where despite the high interest among designers on 



DfS training, the engagement in DfS training is very low (80% of respondents have never 

attended any DfS related courses). Studies in developing countries such as Ghana (Manu et al., 

2018), Nigeria (Manu et al., 2019) and South Africa (Goldswain and Smallwood, 2015) 

suggested that a multi-stakeholder approach is required to enhance and diversify the designing 

and implementation of education and training courses and modules. It has been recommended 

for DOSH to use its leverage to ensure that academics and industry practitioners are involved 

in the co-design and co-delivery of education and training of DfS practices. It is worth 

highlighting that currently, DOSH is planning to establish OSHCI(M) training centres in every 

region of the country with collaborators from universities and industry. By having such 

collaboration, more diverse approaches towards ensuring theoretical and practical-based 

learning could exist, subsequently facilitating meaningful outcomes to the designers. It will 

also allow professionals to build relationships seamlessly and, importantly, ensure that any DfS 

lessons learned were captured and further instilled to be part of the design of education and 

training. Revealing lessons learned could impact the designer’s safety education and training 

interventions while demonstrating tangible improvements in safety outcomes. In particular, 

having professional experiences in managing collaborative project delivery could add value to 

the DfS adoption, i.e., integrating designers and contractors at the planning phase. This is 

supported by Gambatese et al. (2017) who found that contract modifications would be 

necessary to ease the DfS implementation. As observed in the survey results, both academics 

and practitioners recognised that the lack of early involvement might inhibit the DfS adoption. 

The fact that the local construction industry as well as in other emerging countries is lacking 

in the use of alternative procurement approaches, the need for highlighting this context is 

crucial as it could improve the DfS attitude by embracing the spirit of collaborative and 

collective OSH responsibilities (Oney-Yazici and Dulaimi, 2015; Manu et al., 2019; Che 



Ibrahim and Belayutham, 2020).  By default, the separation embedded in the traditional 

approach diminishes any interest in improving safety (Tymvios and Gambatese, 2016). 

 In addition, as highlighted in the survey, where the lack of design guide / examples of 

safe design is one of the anticipated problems for DfS implementation (voted by more than 

50% from both groups), the need for clear, accessible and simple guidance (e.g., establish 

industry safety standard, code of practice and guidelines for DfS) is vital not only for 

practitioners, as a practical guidance, but also for the academics, as their educational resources.  

The need to have such practical guidance has been well acknowledged in emerging countries 

as one of the drivers to improve DfS practices in the industry (Manu et al., 2019; Abueisheh et 

al., 2020). Many academics and designers have never attended (80% of the respondents) any 

DfS courses, so more engagement with a wider range of designers through the seminars, 

workshops or focus group discussions should be conducted.  Previous studies indicated that the 

lack of interest and resistance among design professionals was due to the lack of understanding 

and exposure to what constitutes DfS practices (Toole, 2017). Combining direct engagement 

with practical and straightforward guidance could ease the acceptance, buy-in and the change 

in mindset among the key construction stakeholders. Moreover, continuous engagement will 

create a culture of openness and sharing of information (Baharuddin et al., 2017) through 

reviewing new and existing educational modules and training packages to ensure it fulfils the 

necessary awareness, knowledge, and practice stipulated in OSHCI(M). 

 

6.3 Lifelong DfS learning within organisations  

Organisational learning has been acknowledged, by the respondents, as a condition for the 

continuing learning among the professionals towards DfS implementation. As emphasised by 

Walker (2001), the lifelong learning of individuals is dependent on organisations’ in creating 

and sustaining the culture of learning. One of the elements cited during the discussion is the 



organisation's ability to provide specific DfS training for their staff in relation to the latest 

technology, such as Building information Modeling (BIM). BIM-enabled and information-rich 

tools are gaining interest in Malaysia for the past few years, due to its ability to deliver precise 

project information with greater visualisation via multi-dimensional modelling capabilities 

(Che Ibrahim et al., 2019). The importance of such technological-based training (e.g., BIM) 

has been recognised in other developing countries as one of the most essential factors in 

improving DfS practice (Abueisheh et al., 2020). With the fact that BIM can fulfil the roles and 

responsibilities as stipulated in the related DfS regulations (Mzyece et al., 2019), the need to 

have such learning is critical as part of nurturing technical and collaboration skills needed in 

DfS implementation. Also, learning the latest technologies, such as virtual reality tools allows 

for collaborative dialogue between project teams towards proactive preventive culture in 

making a project safer (Sacks et al., 2015). 

 Empowering staff through capacity building has also been highlighted due to the lack 

of support from the top management  regarding OSH learning activities. Findings indicated 

more than 70% of the practitioners never or rarely incorporate OSH in their design exercise. 

The strong OSH influence that top management has on their staff will determine the extent and 

effectiveness of DfS implementation (Gambatese et al., 2017). Some recommendations were 

made on how organisational goals can be geared to realising the members’ potential. First, 

organisations should promote, enhance, and sustain their own learning through peer-to-peer 

influence and role models. As found in the survey, the majority of respondents who have 

considered OSH during design were the ones who had experience between 10 to 15 years, 

which indicates that OSH is a normal practice in their design activities. Having such personnel 

with vast experience could increase the capacity for effective organisational action through the 

construction of knowledge and its embodiment in the practices of the organisation (Doytchev 

and Hibberd, 2009). Second, creating a learning environment through an in-house or external 



training programme (practical or awareness-raising training) is necessary to ensure 

continuous learning happens within the organisation. For example, hosting learning lunches as 

a regular office event by inviting inspiring figures or professionals (academics or practitioners) 

with DfS experiences could be done in monthly/quarterly basis. Having such activities could 

also be part of developmental relationships between staff through social learning. Such training 

could also lead to post-secondary degrees or certificates or may be needed to maintain existing 

professional certification (i.e., continuing professional development) (Mann, 2008). Efforts to 

promote DfS should not only make designers aware of the DfS concept, but also be able to 

drive positive attitude and practice needed for DfS to be performed successfully (Gambatese 

et al., 2017).  

Overall, although some of the factors (e.g., early DfS learning, framework for education 

and training, practical guidance, empowering collaboration, and wider engagement) have been 

acknowledged in developed and developing countries to enhance the DfS implementation, 

factors related to common language, collaborative procurement and organisational related 

factors (capacity building and learning environment) were not well emphasised in the 

developing contexts as a means to improve the DfS practices. One of the possible reasons is 

the current state of the DfS legislative framework in Malaysia, which is non-existent in most 

developing countries. The lack of institutional pressures could contribute to the lack of 

engagement (to enhance DfS education and increase the sense of ownership) and the need for 

related organisations to commit to such practices (e.g., initiatives to improve DfS within the 

organisation). On the other hand, although DfS studies (in developing countries) (e.g., Manu 

et al., 2019; Abueisheh et al., 2020) have indicated that collaborative practice is one of the main 

drivers to improve DfS, the lack of established collaborative procurement is evident in several 

developing countries. The lack of dynamism on procurement to drive the industry towards DfS 

could inhibit the efforts to enhance the boundaries of safety roles and responsibilities. In 



addition, organisations' -level commitment to facilitating designers' professional development 

towards DfS is critical in shaping the right and positive DfS culture. Nonetheless, as the current 

DfS KAP in Malaysia still progressing and requires a continuous effort, and it is proposed that 

the improvement on the learning of DfS is influenced by a culture of shared DfS learning, 

continuous DfS learning engagement and organisational lifelong DfS learning. The following 

section discusses the relationship between each of these elements. 

 

7.0 Dynamic insight into DfS learning through Causal Loop Diagram (CLD) 

The identification of three broad elements regarding improving the learning of DfS (as 

discussed in the previous section) allows us to provide a dynamic insight into construction 

professionals' DfS learning. A causal loop diagram (CLD) was constructed to illustrate the 

dynamic relationships between the three elements of DfS learning towards DfS improvements. 

The formulation of the CLD was initiated by setting a dynamic proposition for strengthening 

DfS learning among the design and construction practitioners, leading to improved DfS 

practice in the Malaysian construction industry. Similarly, the increase in DfS practice would 

also result in further increase in DfS learning.   

In order to develop the CLD, key variables were extracted from three different data 

sources: the three DfS elements and their factors, discussion data, and literature on DfS in 

construction. For example, variables (see Table 7), such as shared DfS learning, organisational 

DfS learning, and continuous DfS engagement were derived from the consolidation of the 

findings from the workshops. The causal relations between the variables were determined 

based on the discussion data and existing literature on DfS in construction. The final step was 

to map the causal relations and feedback loops using an online diagram software (i.e., Visual 

Paradigm). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Causal Loop Diagram for DfS Improvements 



The integrative CLD (see Figure 3) captures the dynamics of DfS learning through the 

culture of shared DfS learning, continuous DfS engagement in the design and delivery of 

education and training and organisational lifelong DfS learning. The causal loop diagram  

comprises nodes and arrows, with nodes representing variables and arrows representing the 

causal connection between the pairs of variables.  For example, arrows with a negative (-) sign 

represents a negative relationship: The increase in one variable's value results in the decrease 

of the other variable's or relationship's value. Positive relationships are represented by arrows 

with a positive (+) sign: the increase in one variable leads to the increase in another variable or 

relationship (Bleijenbergh and Van Engen (2015). If the relationships can be traced back to the 

starting variable and form a feedback loop, the loop is referred to as a reinforcing loop (for a 

loop that causes exponential growth/decay, denoted with a ‘R') or a balancing loop (for a loop 

that stabilises behaviour over time, denoted with a ‘B’) (Sterman, 2001). Figure 3 consists of 

four reinforcing loops (denoted by R1, R2, R3 and R4) and four balancing loops (denoted by 

B1, B2, B3 and B4).  

Loop R1 (↑ Shared DfS learning - ↑ Early learning - ↑ Continuous learning - ↑ Shared 

DfS learning) indicates that the building of shared DfS learning increases through early and 

continuous DfS learning. The majority of the participants pointed out that the culture of DfS 

learning should be incorporated into tertiary education. The lack of DfS subjects in the local 

educational landscape (Che Ibrahim et al., 2021) and other developing countries (Manu et al., 

2018; 2019) is significant and efforts to increase the DfS education are critical in instilling a 

preventive culture at an early stage (Behm et al., 2014). The expansion of DfS subjects in 

tertiary education raises awareness among future designers and academics. Conversely, 

increased learning at the tertiary level leads to a higher emphasis in post-learning education, 

thus increasing DfS learning among postgraduate students.  The lack of early DfS education 

could impede funding that could facilitate the continuous development of the education 



learning (Loop B1). In Loop R2 (↑ Organisational DfS learning - ↑ learning environment - ↑ 

capacity building - ↑ Organisational DfS learning), the ability of an organisation to commit to 

the DfS could lead to positive DfS learning environment, subsequently leading to more 

designers enhancing their DfS professional development. Loop B2 (↑ Shared DfS learning - ↑ 

Organisational DfS learning - ↑ learning environment - ↑ capacity building - ↓need for 

continuous learning - ↑ shared DfS learning) suggests that by increasing organisational DfS 

learning, more DfS learning environments could be established, leading to higher capacity 

building, and reducing the reliance on post education to increase the culture of shared DfS 

learning. More emphasis in early learning regarding the fundamentals of technology-enabled 

tool leads to reduced basic technology-related training within the organisation (Loop B3: ↑ 

Shared DfS learning - ↑ early learning - ↓ need for basic technologies-related training - ↑ 

Organisational DfS learning - ↑ Shared DfS learning). Designers who receive basic training on 

technology-enabled tools could increase and simplify DfS learning within the organisation 

(designers could focus on advanced DfS application in real-world projects), thereby 

strengthening the DfS culture. The need for tertiary education to provide such fundamental 

technology-based training (e.g., serious gaming, BIM), has been acknowledged in several 

studies (Din and Gibson, 2019b). In fact, ample empirical evidence suggests that BIM 

educational activities could be considered part of the learning loop to transform knowledge into 

practice in students' professional development (Wang et al., 2020). In Loop R3, creating a 

culture of DfS shared learning could increase organisational DfS learning. The ability for 

project team to share the OSH information indicates the maturity of an organisation in DfS 

practice (Poghosyan et al., 2020). 

 Another dynamic relationship that could further strengthen the culture of DfS learning 

is indicated in Loop R4 (↑ Shared DfS learning - ↑ Common language - ↑ Wider engagement - 

↑ Continuous engagement - ↑ empower collaboration - ↑ Shared DfS learning) where it refers 



to a high culture of DfS learning that leads to increased understanding (i.e., a common 

language) of DfS principles, which may benefit wider community engagement and interaction. 

Similarly, increased engagement could increase continuous engagement in the design and 

delivery of education and training, thereby empowering academic and practitioner 

collaboration that leads to a positive culture. When constant engagement increases, the 

opportunity to capture collaborative experience would increase and hence, clearer, more 

accessible and more straightforward DfS guidance could be established. This is supported by 

several DfS studies, which found that the lack of DfS guidance is one of the major barriers to 

effectively implement the DfS practice (Goh and Chua, 2016; Tymvios and Gambatese, 

2016a). On the other hand, it should be noted that the availability and accessibility of a more 

established practical DfS guidance could potentially reduce the need for continuous 

engagement activities (Loop B4: ↑ Continuous engagement - ↑ collaborative experience - 

↑practical guidance - ↓ need for continuous engagement). As participants have pointed out, 

industry involvement typically decreases over time once a guideline is in place. 

To summarise, the integrative CLD suggests that in order for DfS learning to succeed, 

critical attention should be given to cross-sector collaboration in achieving a joint outcome, 

which is critical for the success of both short and long term DfS implementation. Also, factors 

that could be attributed to the DfS learning improvements need to be considered by 

organisations and institutions in countries encountering DfS adoption to improve 

construction’s OSH performance. Universities or faculties should not only be institutions 

concerned with educating and training future designers, but should also have its fair share in 

sharing knowledge with practising designers. Nonetheless, construction organisations are 

ultimately responsible for employing, maintaining, and developing the learning curve for their 

professionals and workers. Regulatory bodies also have an important role in bridging the gap 

between education and industry, and setting the legislative framework and monitoring the 



standards for DfS in the local context. Collective responsibility towards developing the 

capabilities of professionals will create opportunities to enable continuous learning to be 

sustained so that the knowledge, attitude and practice can be improved over time. Having such 

a progressive understanding of DfS could facilitate its readiness and diffusion (Gambatese et 

al., 2017). Accordingly, as the current efforts towards improving the DfS KAP among 

academic and practitioners is still continuing, having professionals equipped with the necessary 

DfS KAP will help to address the national agenda on the enhancement of skilled professionals 

towards OSH, as outlined in the National Occupational Safety and Health Master Plan for 

Malaysia 2021-2025, as well as improving the OSH performance in construction, as part of the 

CIDB’s Strategic Plan (CSP) 2021–2025. It is worth highlighting that despite the implications 

for the local context, this study could also be beneficial to organisations and regulatory bodies 

in other emerging countries (with similar OSH requirements or having the intention to embark 

on DfS practice) in benchmarking their current state of academics and practitioners on DfS, in 

order to facilitate the paradigm shift towards improving the learning of DfS through a DfS 

learning culture, DfS engagement as well as enhancing the maturity of DfS learning within the 

organisation. 

  

8.0 Conclusions 

This research has explored the current state of DfS KAP between academics and practitioners 

in Malaysia. A total of five series of DfS workshops were conducted to capture the DfS KAP 

and to propose potential mechanisms to enhance the DfS implementation in the Malaysian 

construction industry. From the workshops, it can be concluded that both academics and 

practitioners have portrayed similarities on how they have perceived the importance of DfS 

practice. The results also indicate that even though DfS is a new concept to the majority of the 

respondents, their positive perception towards the DfS knowledge, attitude and practice suggest 



that potential DfS diffusion could be successful, although several challenges are expected. 

Also, there is a widespread recognition that DfS learning in both short- and long-term period 

is required to instil sustainable preventive culture among design professionals in the 

construction industry. Consequently, drawing upon the findings of the study, we were able to 

establish that the development of DfS learning could be influenced through three main 

activities; creating a shared DfS learning; continuous engagement in the design and delivery of 

education and training; and organisational lifelong DfS learning. The dynamics and 

effectiveness between these three activities were attributed to four main factors: funding for 

DfS education and training, early DfS learning, capacity building and practical guidance.  

This study adds to the body of DfS knowledge in construction, in terms of theoretical 

and practical implementation. The current DfS KAP literature is dominated by isolated 

perspectives of KAP within one domain (i.e., industry-based opinion). This paper adds to the 

existing literature by providing a comparative analysis of DfS KAP among academics and 

practitioners to improve and instil a preventive and collaborative culture to improve 

professional capacity development among professionals in both sectors. Furthermore, the 

systems theory perspectives adopted in this study provides a dynamic view of DfS learning by 

capturing both intentional and unintentional effects of the DfS learning landscape. By drawing 

on the dynamic insight and reflecting upon the mixed effectiveness, this paper provides a point 

of reference for other developing countries to improve the DfS KAP in their respective 

educational landscape and the construction industry.  

A possible limitation of this study is that since the DfS adoption in Malaysia is still at 

early stages, the number of professionals who participated in the DfS workshops was relatively 

small and new in relation to the DfS practice turn could limit the generalisation of the findings. 

Future studies could consider expanding the sample to diverse disciplines for comparative 

purposes in different geographical contexts. In addition, although this study has adopted a 



pragmatic approach (workshops and KAP survey) and the fact that the majority of the 

participants' (both academics and practitioners) current awareness and understanding of the 

existing DfS guidelines were still limited, more qualitative and quantitative methodologies 

such as case studies (i.e., projects that adopted DfS) and large-scale survey (to those who have 

DfS experience) are required to further investigate the application, dynamism and 

dissemination of DfS KAP in construction projects. 
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