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The integration of Prevention through Design (PtD) concept into the engineering 
education has evolved progressively in response to accreditation requirements.  
Despite the previous studies focusing on the integration of PtD principles into the 
curriculum, practical knowledge integration through effective teaching and learning 
mechanism remains elusive.  The objective of this paper is to discuss the core 
elements of teaching and learning approach, as well as best practices in integrating the 
PtD concept into curricula.  A systematic literature review was conducted based on 27 
identified studies focusing on PtD education.  The findings indicated that the current 
PtD educational approach incorporates five constructivist learning principles: content 
learning, outcomes learning environments, learning domains and pedagogical 
approaches.  This study extends the PtD literature in the educational context, by 
providing insights into designing an effective curriculum for mainstreaming the PtD 
in engineering education. 
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INTRODUCTION 
Prevention through Design (PtD) in construction has been acknowledged by scholars 
and practitioners as one of the preventive efforts throughout the design phase to 
mitigate work related to risks and hazards, hence balancing occupational safety and 
health over the lifecycle of a project.  The PtD concept has attracted growing research 
interest and practice in wide-ranging domains, including practicality and resources 
(Toole, 2017), technological advancements (e.g., (Din and Gibson, 2019)), 
sustainability (Stacey and Simpson, 2009), education (Behm et al., 2014; Toole, 2017) 
and financial implications (ASCC, 2006). 
Despite widespread adoption of PtD practice, practical implementation can be 
challenging.  One of the notable challenges documented in the literature was the lack 
of knowledge and abilities among duty holders, notably designers, in addressing the 
OSH implications of their design in relation to the project lifecycle.  One of the 
possible causes of concern was a lack of early PtD education in tertiary and continuing 
education.  Research suggests that charting the curricula development toward PtD is 
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an essential first step in enhancing graduates’ competency towards safety and health 
(Hinze, 2000; Toole, 2017). 

LITERATURE REVIEW 
The PtD educational issues were initially highlighted in the early 2000s, with a focus 
on creating a commitment to preventative culture to ensure graduate designers had a 
solid foundation of the safe design prior to real-world work experience (e.g., Hinze, 
2000; Mann, 2008). 
Several studies (e.g. (Hinze, 2000; Popov et al., 2013; Toole, 2017) have highlighted 
that one of the major barriers to incorporating the PtD into the curricula was the 
crowded curriculum among engineering programmes.  Mann (2008) discovered that a 
lack of awareness on the occupational safety health (OSH) has contributed to 
designers' failure to create safer construction methodologies.  Gambatese (2003) has 
emphasised that limited knowledge of OSH is one of the factors impeding the 
diffusion of PtD in the United States.  Several other studies in different countries, for 
instance in Malaysia (Che Ibrahim et al., 2021); in the UK (Stacey and Simpson, 
2009); in Australia (ASCC, 2006) have acknowledged that the designers must 
improve their OSH knowledge and skills for PtD to be realised in their designs.  It's 
worth highlighting that the possible reason for designers’ lack of safety understanding 
is due to the lack of early safety education in tertiary education (Toole, 2017).  
Furthermore, it is thought that PtD practise among designers is conceived through 
training or courses are taken throughout their professional experience, rather than 
during their undergraduate education (Cortés et.  al., 2012). 
Although there have been examples of the current state of PtD education (e.g., Spain 
(Lopez et al., 2015), the United States (Din and Gibson, 2019), and Malaysia (Che 
Ibrahim et al., 2021)), as well as proposed educational approaches (e.g., Popov et al., 
2013; Wilbanks, 2015; Toole, 2017); little initiatives to investigate the integration of 
teaching and learning mechanisms into PtD practice.  Thus, to fill the identified gap in 
the PtD education, this study explores the relation between PtD principles and 
teaching and learning approach based on the constructivist learning principles.  This 
study is part of a wider study to understand the extent of PtD education in engineering 
accredited programmes.  Gaining an insight on how PtD could be integrated into 
curricula could facilitate the academic transform of the present engineering curriculum 
into a practical transformational change in bridging the safety and health education 
gaps for engineering graduates. 

METHOD 
The overall review workflow was based on a systematic literature review, and it 
included three major phases: identification of articles, selection of targeted articles, 
and examination of the target articles.  The scope of the review aimed to cover PtD 
related education literature in the construction domain, this study used a combination 
of diverse PtD terminologies and educational context.  The search was based on 19 
different key terms that were shown in either the title, 
TITLE-ABS-KEY (“Prevention through Design" OR "Design for Safety" OR "Safety 
in Design" OR "Construction Design and Management" OR "Safety by Design" OR 
"Design for Construction Safety" OR "Design risk management" OR "Construction 
Hazards Prevention through Design" OR "Occupational Safety and Health in 
Construction Industry (Management)" OR "OSHCIM" OR "DfCWS" OR "DfCS" OR 
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"CHPtD" AND (“Construction" ) AND ( "Education*" OR "curriculum" OR 
"teaching" OR "institution" OR "Pedagogy" ) ) 
The review exercise covered articles published from 2000 until the year 2021.  The 
initial search found 46 related articles, including articles published in both journal 
articles and conference proceedings.  Next, further screening was conducted to 
exclude 11 articles that were not related to construction (e.g., power plant, crime 
prevention) context, incomplete details, and duplication of conference articles (similar 
and greater depth of content was published as journal articles).  The initial screening 
returned 35 articles from 17 different publications outlets. 
The following inclusion criteria were used to select the articles to assess their 
relevance to the subject: (1) the article should focus (majority of the content) 
specifically related to PtD education context in the EAC domain; and (2) the article 
should emphasise at least on the perspectives, educational concepts, and approaches of 
PtD.  Articles focusing on PtD but not on educational context were excluded from the 
sample, resulting in only nine relevant articles out of 35.  To ensure that no significant 
publications on PtD education are overlooked, a snowballing technique was 
conducted.  Finally, 27 relevant articles were finalised, with most of the articles (48%) 
coming from conferences, followed by journal and report articles (41% and 11%, 
respectively).  In terms of geographical location, most of the authors (56 percent) were 
from the United States, followed by Australia and Malaysia with 11 percent each, and 
the remaining 33 percent were mostly from European countries (e.g., UK and Spain). 
A qualitative thematic analysis was adopted to identify and synthesis the trend of PtD 
educational elements highlighted in the 27 articles.  The inclusion of datasets from 
different sources over the past decades enabled the triangulation of elements for 
increased validity.  Several initiatives have been proposed (ranging from academic 
capability, syllabus, innovative pedagogical approach, technology integration, etc) to 
instil safe design thinking and skills in graduates (Toole, 2017; Behm et al., 2014). 

FINDINGS 
The Constructivist Learning Principles 
The PtD educational elements were identified from the literature and were framed 
based on the five constructivist learning theory principles suggested by Terhart (2003) 
i.e., content, learning outcomes, learning environments, domain learning and 
pedagogical approaches.  The consideration of the constructivist learning is 
appropriate due to the need of making sense of the knowledge, skills and experience 
related to PtD landscape during the learning process (Behm et al., 2014; Toole, 2017).  
In framing the PtD engineering education, the constructivist didactics (CD) theory has 
offered must-have educational elements in integrating the PtD concepts and its 
principles into the curriculum structure. 
The construction of CD in engineering education is mainly governed by two (2) main 
principles: (1) principle of learning which aims to create own learning of knowledge 
and experience and (2) principle of instructors which designs the strategies of learning 
of the learners based on the metacognitive of learning skills.  These governing 
principles have constructed the curriculum into a practical pedagogy approach to 
achieving the intended learning outcomes.  Another component that mechanises the 
learning is the didactics.  Didactics is the approach of instruction from the instructor to 
the learners which stimulates and controls the learning through selected content, 
obligates a response from the learners, evaluates students' responses and provides 
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reinforcement of correct responses or feedback for the learner based on the learning 
environments and facilities (Terhart, 2003). 
Popov et al. (2013) further research how to integrate the PtD concept with 
constructivist learning principles by mapping the requirements set by accreditation 
bodies [e.g., Accreditation Board for Engineering and Technology (ABET); 
Engineering Accreditation Council (EAC) Joint Board Moderators (JBM);] (Che 
Ibrahim et al., 2021; JBM, 2021).  The requirements of mapping will align the PtD 
concept easily when the curriculum is compliant with the outcomes-based approach.  
The outcomes-based approach provides classical guidance on mapping the 
engineering content (e.g., health and safety risk management) within engineering 
teaching and learning approaches and demonstration of students' attributes to become 
competent safe thinking design engineers.  The students' attributes for the curriculum 
will be designed based on the transferable skills (e.g., knowledge profiles; engineering 
analysis; engineering activities; engineering practice) based on the intended learning 
outcomes within the wide range of real scenarios in PtD practices. 

The PtD Educational Elements 
Many efforts have progressively grown in engaging the PtD practices in teaching and 
learning.  Table 1 presents the summary of best practices of previous studies on PtD 
educational elements.  It is worth noting, that there is a multifaceted relationship 
between the five (5) key elements of the constructivist didactics approach (content, 
learning outcome, learning environment, learning domain, and pedagogical 
approaches), the need to consider them dependently is crucial because each of these 
represents a key element to develop student's knowledge, attitude, and competency 
towards PtD practice when they work in the industry. 
Content 
The content is one of the significant mediums of didactics to craft the learning of the 
students (e.g., authentic materials; lesson plan consisting of learning activity and the 
learning outcomes).  The literature indicated the dominant concept of PtD was 
incorporated into the existing course of design (i.e., steel design, concrete design, 
timber design) (Batson, 2013), safety and risk hazard management and risk 
assessment were mostly the chosen content to be small sub-topic incorporated in the 
course (Ghosh and Bhattacharjee, 2016; Maraqa, 2015; Popov et al., 2013; Toole, 
2017). 
Occupational safety and health (OSHA) was introduced as a short course with a 
minimum of 10 hours of lectures inclusive of a day with visiting professional speaker 
sharing the notes and experience of safety practices at the site (López et al., 2015; 
Mann, 2008).  Several scholars (e.g., Behm et al., 2014; Foley et al., 2016; Lew and 
Lentz, 2009) have highlighted the exposure to construction techniques, legislation, 
regulation, policies, and ethics, are added as new topics in different existing subjects 
and new subject into the curriculum due to limited credit hours as strictly guided by 
the accreditation.  However, many civil engineering programs are integrating 
sustainability into their curricula but focusing on environmental sustainability and 
economic sustainability (such as life cycle costing) but missing the third pillar of 
sustainability, which is social sustainability which is the core to the PtD principles 
(Toole, 2017). 
Learning Outcomes 
In terms of learning outcomes, most of the literature indicated that the intended skills 
acquired to perform in PtD practices are translated on how effective the learning 
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environment will be created.  The complex relationship between learning outcomes 
and the learning environment needs to be carefully designed for the students' 
exploration to attain knowledge is achieved through the capability of the course in 
guiding the students to develop knowledge and skills from their prior knowledge to 
more advanced learning.  In particular, 'to address and to understand' the fundamental 
intended learning outcome of PtD practice is designed based on the sequential 
consideration of safety by designers in the phases of design, analysis, and safety 
consideration during the identification of hazards for workers and end-user 
(Bhattacharjee and Ghosh, 2011; Che Ibrahim et al., 2020).  Mostly the authors 
(Batson, 2013; Maraqa et al., 2015), highlighted the chosen taxonomy used in 
developing the learning outcome is based on the development of lower order, 
intermediate and higher order of the taxonomy.  It signifies the level of development 
of a student's cognitive domain (i.e., knowledge, comprehension, application, analysis, 
synthesis, and evaluation). 
Learning Environments 
Exposure of experiential learning space for PtD that creates student-cantered learning 
activities in meaningful learning experience related to the complexity of real-world 
PtD practices.  PtD can serve as an engaging platform through classroom, workshop, 
and collaborative networking (Popov et al., 2013; Toole, 2017).  Bringing the real-
world PtD practices into the classroom is favourable to the instructor so the students 
can get a real feel of commitment towards safety.  Some of the engineering 
programmes invite speakers from the industry to share their knowledge and 
experiences with the students (Jia and Gilbert, 2017; Wilbanks, 2015).  In terms of 
contextual design process evolves from the concept of contextual enquiry, where 
decisions are based on how users interact with the work environment, site visit 
exposure was introduced by Bhattacharjee and Ghosh, (2011); Toole (2017) and Che 
Ibrahim et al. (2021).  An interactive environment of learning has been driven by the 
technology of digital transformation.  The widespread technologies (i.e., building 
information modelling, big data, virtual reality, game-based, design simulation 
modelling) has been used to visualisation of OSH in the construction site environment 
(Che Ibrahim et al., 2021; Din and Gibson, 2019). 
Learning Domains 
Expected competencies of knowledge, skills, and attitude to be acquired by learners in 
relation to PtD practices have been well addressed by (Che Ibrahim et al., 2020) based 
on tacit, explicit, and implicit knowledge distributions based on the PtD practices.  
Many researchers (Batson, 2013; Behm et al., 2014; Toole, 2017), are concerned 
about how the students instil the safety commitment when making a crucial decision 
that leads to providing facilities, and methods of construction to offer during the 
commencement of the project, the process that is relevant and economically viable to 
the client and user in managing the risk and hazard throughout the lifecycle of the 
project.  As this is the most challenging effort, the students need to understand and be 
aware of the importance of having safe design thinking and commitment toward the 
workers and users.  Furthermore, the central essence of skills is leadership skills as it 
will need to ensure the safety premises are kept and follow orders as per stipulated in 
the law and regulations.  Furthermore his/her command is important as it will ensure 
the success of the project/construction in fulfilling and satisfying the need of PtD 
requirements. 
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Table 1: The best practices of PtD educational elements based on constructivist learning 
principles 

 
Pedagogical Approaches 
Effective and innovative teaching delivery strategies are the key to drive experiential 
learning and crafting the mind of the learners through effective learning is notable.  
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The best practices have yet need to be improved as the instructor needs to be up to 
date with the current concept of PtD and some still use the traditional lecture-based 
educational modules that cover wider PtD dimensions. 
The pedagogical approach that can be used in PtD teaching and learning proposed that 
using case studies as part of a risk prevention exercise could influence students’ 
design thinking in terms of accident causality, prevention, and hierarchy of controls 
(Che Ibrahim et al., 2022). 
To nurture the low to high levels of skill attainment among the student, Popov et al. 
(2013) proposed three techniques (i.e., What if/Checklists, Failure Mode Effects 
Analysis and Preliminary Hazard Analysis and Risk Assessment) that could be 
embedded in the curriculum that aligned with outcomes-based learning.  In contrast, 
suggested that technology-driven approaches such as computer-based and serious 
game is more effective to instil in the students' interest in acquiring the safe design 
thinking and instil the safety commitment during their lessons throughout their 
exposure to PtD practices in their programme. 

CONCLUSIONS 
The study adopted a systematic literature review approach to investigate the trend of 
how the PtD integrates into engineering education based on the constructivist 
didactics theory's learning guiding principles.  In general, the current PtD educational 
approach is mainly focusing the identification and analysis of risk and hazard.  The 
integration of wider fundamental and practical knowledge is needed to equip future 
engineering graduates with cognitive, practical, and affective attributes in the safety 
and health domain. 
The finding generates insights into the five (5) key elements of PtD educational 
approach based on constructivist learning principles; (1) content, (2) learning 
outcome, (3) learning environment, (4) learning domain and (5) pedagogical 
approach.  The first element, content is related to the exposures of breadth and the 
depth of PtD concept covers identification of risk and hazard, ethics, construction 
techniques and others through its curriculum to craft the meaningful learning of 
learners.  The next element, the learning outcome is focused more on the aim of 
intended skills to acquire for each learning domain in terms of knowledge, skills, and 
experience to perform the PtD practices.  The learning environment is described as 
exposure to an experiential learning space for PtD that creates learner centred-learning 
activities in meaningful learning experiences related to the complexity of real-world 
PtD practices.  The fourth element, the learning domain covers the expected 
competencies of knowledge, skills, and attitude to be acquired by learners in relation 
to PtD practices.  The last principle, the pedagogical approach deals with effective and 
innovative teaching delivery strategies of the instructor to deliver the PtD contents to 
the learners. 
It is believed that these elements could drive the experiential learning PtD and creates 
the interest in the student's appreciation towards PtD practice.  Furthermore, including 
these elements in existing curricula has the potential to increase the safety and health 
outcomes required by associated engineering professional bodies.  Nevertheless, in 
acknowledging that the key elements are conceptual embedded, further research 
through quantitative and qualitative methodologies in different geographical contexts 
could be conducted to capture the PtD or safety and health best practices in the 
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educational landscape to further improve the learning experience of future graduates 
in the tertiary education. 
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