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ABSTRACT

Unlike the traditional methods of training/teaching for example lectures and video learning, immersive
technology-based construction education and training such as virtual reality-based ones is one of the
ways of equipping workers/learners with the relevant level of practical experience and knowledge
required for improving health and safety in the industry. Using systematic literature review of studies
from 2008 to 2023, this study examines the major drivers of immersive technologies in construction
health and safety (CH&S) education and training. It found that the drivers can be categorised under
two main themes of (i) Knowledge and practical experience, and (ii) performance indicators. While
Both consist of eight main sub-themes, the former has knowledge retention, real-world experience, and
limited conventional pedagogical methods. Also, the performance indicators theme shows that improve
safety behaviour, the pressure of improving student satisfaction, meeting industry skills requirement,
and avoiding risks from training can drive the technology in CH&S education and training. The quest
to ensure optimum knowledge acquisition and retention and ensure that workers/learners experience
real-life construction activities and associated risks are also found to drive organisations to embracing
the technology for CH&S education and training. However, the findings are subject to empirical
validation, and it is unknown the extent to which the factors determine the discourse. Hence, studies
that will address this is recommended. Nevertheless, the study has implications for developing
strategies for immersive technologies implementation in CH&S education and training.
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Introduction

Most of the unsafe practices which result in fatal and non-fatal injuries are due to a lack of
awareness and limited practical experience and knowledge of the risks and associated control
measures (Xu and Zheng 2021; Rokooei et al. 2023). Construction health and safety (CH&S)
education and training is established as one of the ways of addressing this. However, when
delivered through the traditional method (for example lectures and video learning), they are
ineffective and inefficient in addressing the aforesaid issues (Jacobsen et al. 2022; Babalola et
al 2023). Consequently, the adoption of immersive technologies (IMTs) such as virtual reality



(VR) for CH&S education and training has been established as one of the major possible
solutions (Tixier et al. 2013; Xu and Zheng 2021; Bhagwat et al. 2021). While this is not
without limitations, the drivers are poorly understood despite the increasing attention to digital
technologies in CH&S education and training as noted in Jacobsen et al. (2022), Bhagwat et
al. (2021) Babalola et al. (2023), Le et al. (2015a), Wolf et al. 2022), Joshi et al. (2021), Adami
et al. (2021) and Tixer et al. (2013). In affirmation, the outcome of our current systematic
review shows that no study has focused on the drivers of IMT adoption in CH&S education
and training in detail. In addressing this knowledge gap, the study seeks to answer the research
question:

What are the major drivers of immersive technology adoption in CH&S education and
training?

Following this introduction are the perspectives and concepts where IMT is unpacked briefly,
and the role and motivation of construction safety education are covered. After this is the
methodology section, then the findings are covered after which the discussion is presented. The
implications for practice and conclusion are in the last two sections. The study aligns with the
aim of the book in that it offers insight into the drivers of continuous CH&S improvement by
providing a theoretical framework on factors that facilitate/foster/support CH&S education and
training improvement from the digital technology perspective.

Perspectives and Concepts

Immersive technologies

There are different perspectives on the definition of immersive technologies (Tang et al. 2022).
Some definitions focus on the immersive characteristics of the technology (for example Lee et
al. 2012) while others centre on the volume and quality of the sensor information that the
technology provides users (Slater, 2009). However, some authors such as Looser et al. (2004)
and Martines et al. (2014) view that it is a reality-virtuality made of physical and virtual worlds
at the extreme ends, ‘real environment (or reality)’ and ‘virtual environment (or virtual reality
(VR))’ while ‘augmented reality (AR)’ and ‘augmented virtuality’ are the two in the middle
and can be called augmented reality. By implication, there are four levels of immersion (Tang
et al. 2022). In line with studies such as Tang et al. (2022), the current study adopts the generic
definition of immersive technologies consisting of VR, AR and mixed reality (MR). AR is an
integration of real-world events and computer-based information (Rodriguez-abud et al. 2021),
while with VR, the user is immersed in the virtual world with the help of computer software
(for example, gaming) technology and head-mounted display (Jacobsen et al. 2021; Martines
et al. 2014). Nykanen et al. (2020) detail the types of VR and levels of immersion (non-
immersive and immersive VRS). MR is a combination of AR and VR to offer a unique
experience in simple terms.

Immersive technologies application in CH&S education and training

Immersive technologies are adopted in CH&S education and training. Joshi et al. (2021) report
that immersive VR is used in the precast/prestressed concrete safety training, and So et al.
(2021) provide evidence of its ability to improve learning, reduce risks and the safety
behaviours of workers in active construction sites. Immersive VR is adopted in safety training
for the roofing sector (Rokooei et al. 2023) and in demolition (Adamie t al. 2021). The
technology has revolutionised the development and delivery of construction safety education
and training.




Methodology

In this research, the drivers to IMTs adoption in CH&S education and training were examined
through a six-stage process of literature review. In doing this, the hybrid approach to systematic
literature review (SLR) methodology and the citation or checking reference list approach) was
adopted. According to Horsley et al. (2011), in the citation or checking reference list approach
the references of publication (books, book chapters, reports, papers in journals and conference
proceedings) are searched for additional relevant ones. The adoption of this approach is
consistent with studies such as Lemeshow et al. (2005), Stevinson and Lawlor (2004), Murphu
et al. (2003), and Umeokafor et al. (2022). While there is a risk of bias in the method, evidence
in studies such as Helmer et al. (2001) and Craane and Dikstra (2012) show some advantages
including that the approach increases the number of materials used for the research. This
methodology provides an opportunity for the development of a detailed theoretical
foundation/framework for understanding the research question. Figure 1 presents a summary

of the overall research process.
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Figure 8.1: Overall research process.
Source: Authors elaboration

Stage 1: Framing the review question/objective.

In framing the research question/objective, the extant relevant literature was reviewed to ensure
that the research objective/aim was relevant, addresses knowledge gap, and is achievable with
the available resources.

Stage 2: Identification: identifying relevant documents.
As the research process is not linear, Stages 2 and 3 were conducted simultaneously in most
cases. This stage entails the systematic search and the citation approach.

The ‘Article title’, ‘Abstract’, and ‘Keywords’ of documents in Scopus database from the year
2008 to 2023 was searched in December 2023 for relevant literature. The search words used
are ‘immersive technologies’ OR ‘Virtual Reality’ OR ‘augmented reality’ OR ‘Mixed Reality’
OR ‘Extended reality’ AND ‘Construction Health and Safety Education’. The focus was on
articles in English and papers in journals and conference proceedings. The search resulted in
30 documents, and their abstracts and titles were reviewed for relevance in addressing the
research question, producing 16 of them. The search was complemented with the citation
approach or checking reference list approach, resulting in 14 additional papers hence 30 was
used for the analysis.



Additionally, at this stage, the quality of the papers was also considered, especially during the
citation approach, ensuring that the high-quality ones are used (Para et al. 2015). Only peer-
review papers were included in the analysis. While this does not guarantee optimum quality, it
provides some level of quality assurance and confidence that the papers have undergone
rigorous assessment by the scientific community (Umeokafor, 2017).

Stage 3: Screening for inclusion: Reading abstracts and titles

Some parts of this occurred simultaneously with Stage 2. The abstracts and titles of the papers
were read for relevance. By relevance, we mean studies that focus on immersive technologies
for CH&S education and training, not those that solely focus on the drivers for the aforesaid as
no study does this. Also, the introduction of some and the methodology was ready to ensure
they would be useful in addressing the research question.

Stage 4: Extracting and analysing the data.
There are various analysis methods in literature review (Para et al. 2015); the thematic one was
conducted. It commenced with the exploration of the analyst’s perceptions and experience on
the topic under the broad themes:
1. The pedagogic drivers for immersive technologies in construction safety and health
education and training.
2. The business drivers for immersive technologies in construction safety and health
education and training.
Based on 1 and 2, a synthesis matrix was created in line with (Ramdhani et al. 2014). The
analyst then read through the papers repeatedly to be fully immersed in them and populated the
two parent themes. However, there were some that did not fall in therefore new ideas and
concepts were developed and further explored. After the new themes and subthemes were
formed, they were read again for overburdened ones and those that did not align, and they were
merged and refined. The data for each of the subthemes and themes were read to ensure they
were coherent and were validated against the entire data to make sure passed the intended
meaning. The themes were validated against the entire data.

Stage 5: Findings interpretation.
The findings were examined to see how they align/confirm or refute the extant literature and
where relevant the meanings upfronted.

Stage 6: Reporting finding and discussions.
This stage entailed reporting the findings and discussing them.

Findings

While VR and AR are the adopted IMTs for CH&S education and training, as found in the
study, VR is mostly used. Hence, most of the drivers covered are in that regard.
The major drivers of immersive technologies adoption in CH&S Education

This comprises two themes (Knowledge and practical experience, and performance indicators)
and eight sub-themes. The knowledge and practical experience theme which consists of
‘knowledge retention’, ‘limited conventional pedagogical methods’, and ‘real-world
experience’ focuses on drivers relating to the acquisition and retention of knowledge and
practical experience of construction activities and risks. The point here is that in the bid to
equip learners/workers with practical (real construction) experience including the risks and



workable control measures, impact knowledge and retain it, educate training providers,
educations institutions and businesses resort to IMs for CH&S education and training.
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Figure 8.2: A graphic presentation of the framework of IMT in CH&S education and training
drivers and a summary of the inter-theme and intra-theme causal inferences among them

The second theme, performance indicators, consists of five sub-themes, cost, student
satisfaction, risk avoidance, improved safety behaviours, and Industry skills requirement. These
are classified as performance indicators as they relate to measures of education institution
performance (for example, student satisfaction, improved safety behaviours, and industry skills
needs), and cost can be associated with business performance measures of the organisations.
The point here is that business drivers play a major role in IMT adoption for CH&S education
and training. While the findings are summarised in Table 1, selected ones detailed below. There
are inter-theme and intra-theme casual inferences among the drivers, and these are summarised
in Figure 2 and outlined in the sections below. Figure 2 also presents a graphic presentation of
the framework of IMT in CH&S education and training drivers. For example, the inability of
conventional pedagogical methods to provide real-world experience results in the adoption of
IMTs which can do this. This then results in increased knowledge retention, meeting industry
skills requirements. At the same time, the need to meet industry skills requirements result in
the adoption of IMTs to provide real-world experience/tasks. There also seems to be a bi-theme
causal inference in Figure 2, for example, industry skills requirements result in the need for
real-life experience in CH&S education and training and vice versa.

Table 8.1: A tabular presentation of the summary of the drivers to immersive technologies adoption in
construction health and safety education

Table 1: A tabular presentation of the summary of the drivers to immersive technologies adoption in
construction health and safety education
Main drivers | Sub-drivers | Supporting evidence and sources

Knowledge knowledge | e To foster employee/learner engagement and knowledge
and practical | retention retention (Babalola et al. 2023a; Le et al. 2015a; Wolf et al.
experience 2022; Joshi et al. 2021).

e Pressure to enhance intellectual excitement and retention (Tixer
et al. 2013; Joshi et al. 2021).

e To improve student knowledge and performance (Holtkamp et
al. 2019)

e To address distraction-related issues in image-based training
and engage the participants (Bhagwat et al. 2021)

e Better knowledge acquisition and retention (Jacobsen et al.
2022; Adami et al. 2021)

e Alternative assessment (Holtkamp et al. 2019)

Real-world |e Pressure to prepare students for real world tasks (Jacobsen et al.

experience 2022; Wolf et al. 2022; Xu and Zheng 2021)

e To provide experiential training (Babalola et al. 2023a; Soe et
al. 2021)

e Bridging the gaps between theory and practice (Xu and Zheng
2021)

e Provide practical knowledge and experience (Le et al. 2015;
Joshi et al. 2021)

Limited e The ability of immersive technology (such as mobile virtual
conventional reality (MVR) game—based safety module) to meet learning
pedagogical needs of students as against the conventional method (Bhagwat

methods et al. 2021; Soe et al. 2021).




e Limitations of conventional pedagogical methods and tools (Le
at 1. 2015b, Wolf et al. 2022; Soe et al. 2021; Joshi et al. 2021;

Xu and Zheng 2021).
Performance Student e The quest to meet students preferred of method of construction
indicators satisfaction safety training delivery (for example, MVR game-based safety

module over the image/video-based ones) (Bhagwat et al. 2021)
e Prospects of improving students experience and satisfaction (Le
et al. 2015b; Holtkamp et al. 2019)
e Student/learners’ preference to AR-based assessment over the
paper-based ones (Holtkamp et al. 2019)
e Positive feedback from students on using VR and AR for
experiential learning in CH&S training (Le et al. 2015)
Improved e Immersive VR-training improves safety behaviour (Adami et al.

safety 2021)
behaviours |e Improve safety competence (Le et al. 2015) and awareness (Xu
and Zheng 2021)
e Improved self-reported safety performance (Nykéanen et al.
2020)
Industry e Pressure to ensure graduate have construction safety skills
skills (Pham et al. 2018; ooei et al. 2023)

requirement | @ The confidence of industry that immersive VR can improve the
knowledge and experience of hazard identification (Bhagwat et
al. 2021) and operational skills (Adami et al. 2021).

e AR improves students’ hazard recognition skills compared to
the conventional methods of delivery including field trips and
lectures (Tixier et al. 2013)

Risk e Enables a safe training platform for hazardous activities (Wolf

avoidance et al. 2022; Adami et al. 2021; Sacks et al. 2013)

e To ensure injury free construction safety training (Feng et al
2022, Pedro et al. 2015; Xu and Zheng 2021; Soe et al. 2021;
Joshi et al. 2021).

e [IMTs provide a distinctive advantage for behavioural studies in
high-risk activities in construction (Feng et al. 2022).

Cost-saving | @ Pressure to save cost from training, for example, in
precast/prestressed concrete-related safety training (Joshi et al.
2021)

e Flexibility in using VR-based training — VR can be used at any
time (Joshi et al. 2021) hence capable of saving cost and
increases the prospects of attracting students. Flexibility
through the mobile-based ones (Le at al. 2015b)

e Professionals prefer the virtual tour—based safety module
because of its cost-effective, time-saving, and easy to use
features (Bhagwat et al. 2021)

Knowledge and practical experience

knowledge retention

The potential of IMT-based CH&S education and training to enable better knowledge
acquisition and retention than the non-immersive ones (including the traditional methods of
delivery) is documented in literature (Jacobsen et al. 2022; Bhagwat et al. 2021; Babalola et al.
2023; Le et al. 2015a; Wolf et al. 2022; Joshi et al. 2021; Adami et al. 2021; and Tixer et al.
2013). For example, Adami et al. (2021) found that immersive VR-based CH&S training




significantly increases knowledge acquisition compared to in-person training with the
machine/equipment itself. Although focusing on demolition risks (example, dust, rainy and
sunny weather, and uneven terrain) and limited by small participants, the findings of other
studies support this. Holtkamp et al. (2019) found that augmented reality-based assessment
tools using serious game effectively assess learning more than the paper-based ones in CH&S
training. It also improves student experience, Knowledge, and performance. However, the
same technology must be used for the learning session, not just assessment.

In advancing the understanding of the usability of different visualisation platform—based
technologies in CH&S training and assessment, Bhagwat et al. (2021) investigate professionals
and engineering students, comparing three modules namely the video/image-based, passive
VR-based, and active VR game—based ones. They found that the MVVR game-based module
addresses distraction-related issues in image-based training and engages the participants. It has
a clear and unique advantage over other modules in terms of student experience. Knowledge
acquisition and retention are determined by user engagement which is significantly affected by
whether passive or active user involvement is adopted in the training. However, the extent to
which the acquired knowledge is sustained in the long run is unknown. A few studies that focus
on the efficacy of this (for example, Nykanen et al. 2020; Adami et al, 2021) have only
considered knowledge retention in the short run (for example, one month), not in the long run.

Limited conventional pedagogical methods

Authors note the limitations of conventional teaching methods and tools in CH&S education
and training (Bhagwat et al. 2021; Soe et al. 2021; Le et al. 2015b, Wolf et al. 2022; Joshi et
al. 2021; Xu and Zheng 2021; Jacobsen et al. 2022). For example, Le et al. (2015b) argue that
conventional pedagogical methods and tools are unable to provide students with real practical
and safe experiences. According to Jacobsen et al. (2022), educators struggle to prepare
students for real-world tasks without the use of IMTs such as VR. Hence, the pressure from
this can be a driver and an opportunity for this. The study of Bhagwat et al. (2021) in the
knowledge retention sub-theme of this chapter also highlights this in that the immersive active
VR game—based modules are a preferred because of the inability of the other two to offer it.
Other reasons for this, for example, real-world experience and equipping learners with the
hazard identification skills more than the other two modules (the video/image-based, passive
VR-based) are covered in the subtheme, ‘real-world experience’ and ‘Industry skills
requirement’.

Real-world experience

This subtheme relates to the preceding one in that the inability of conventional
training/teaching methods to offer real life experience of construction activities or risks results
in the adoption of IMT to address this. This is noted by most (if not all the of the) studies
reviewed. While field trips and online education can offer visual experience/insight, they fail
to provide the full experience as would construction sites/activities. The risks associated with
some of them, for example roofing and precast/prestressed concrete, mean that it can be too
expensive to deliver (Joshi et al. 2021) or unethical (Feng et al. 2022). However, IMT enables
bridging the gaps between theory and practice (Xu and Zheng 2021) and provides opportunity
for experiential training (Babalola et al. 2023a; Soe et al. 2021) and practical knowledge and
experience (Le et al. 2015). Further, the pressure on education institutions and training
providers to do this, meet industry requirements (of practical experience — including real world
tasks), and equip graduate with employability skills is likely to drive the technology in CH&S
education and training.




However, the real-life experience of this may be limited (Eiris et al. 2018; Pham et al. 2018;
Xu and Zheng 2021). For example, the fixed VR Goggles used in Xu and Zheng's (2021) study
resulted in the users not moving around hence the real experience was not fully experienced.
Further, the issue of some aspects of the construction activities being unrealistic are noted in
Le et al. (2015), and Eiri et al. (2018) stress the inability of the technology to experience the
dynamics applicable in real-world construction sits/environments because of the computer-
generated simulations of the construction environment. Nevertheless, given the evidence in
studies on improvement in safety performance/behaviours (Le et al. 2015, Babalola et al. 2023,
Rokooei et al. 2023) and knowledge (Wolf et al. 2022; Joshi et al. 2021; Adami et al. 2021;
Tixer et al. 2013) due to IMT-based CH&S education/training, it is logical to conclude that the
technology is fit for purpose, but the extent to which drives it is yet to be examined empirically.

Performance indicators

Student satisfaction

The prospects of improving students’ experience and satisfaction (Le et al. 2015b) can also be
a driver. For example, the positive feedback of the student/users of the mobile-based AR and
VR technology in Le et al. (2015b) can have implications for the students' experience and the
ranking of institutions. Hence, it may drive institutions conscious of this to continue to provide
this service, or it can make others start.

Further, in meeting students’ needs, it is possible that the evidence of immersive virtual reality-
based (MVR game-based safety module) in CH&S training improving knowledge acquisition
and retention when compared to the video/image-based, passive VR—based, and active VR
game-based modules (Bhagwat et al. 2021). The same may happen due to students preferring
the IMT method of delivery as against others. Bhagwat et al. (2021) found that the students
prefer the MVR game-based safety module over the other three because it offers a realistic and
offer immersive experience and is more interesting than others.

Industry skills requirement

One of the main aims of education and training is skills acquisition and/or improvement. When
training providers and/or education institutions fail to fulfil this responsibility/expectation in
terms of CH&S, a key element of their purpose of operation is at risk. Authors such as Pham
et al. (2018) and Rokooei et al. (2023) note that many construction and engineering graduates
lack construction safety skills and knowledge including adequately identifying risks and
hazards and addressing them. This is mainly because of the absence of construction safety in
education curricula (Le et al. 2015a&b; Le and Park 2012; Pedro et al. (2015) and the inability
of the existing ones to do this because they are mainly conventional (for example, video
learning, lectures and seminars) hence are ineffective and efficient in equipping learner or
workers with the relevant level of practical experience and knowledge required for improving
health and safety (Le and Park 2012; Babalola et al 2013; Jacobsen et al. 2022; Pena and Ragan
2017). Further, they are passive methods of delivering construction safety (Le et al. 201b; Pedro
et al. 2015; Pena and Ragan 2017). Also, the VR-based ones offer interactive dimensions to
construction safety education (Pham et al. 2018), but the conventional ones are unable to do
the same hence lack the ability to offer the relevant employability skills. Consequently,
educational institutions and training organisations adopt IMTs for construction safety topics
(Pham et al. 2018; and Rokooei et al. 2023). The argument here is that if adopting IMT-based
construction safety education will improve students and graduate skills and knowledge of
construction safety and provide them with more employability skills, it could force
organisations that still adopt the conventional methods to switch to the IMT-based option.




Further, in meeting industry needs, construction safety training providers and education
institutions can adopt immersive active VR game—based modules for construction safety
training due to the confidence of construction professionals that it can equip learners with
hazard identification skills when compared to the video/image-based and passive VR-based
ones (Bhagwat et al. 2021). In other words, industry expectations or requirements drive this.
However, this assumes that the associated high cost (Eiril et al. 2018; Adami et al. 2021) and
skills requirement (Pham et al. (2018), the industry’s resistance to change (Le et al. 2015a),
and consumer and business reluctance (Rokooei et al. 2023) are unable to hinder this. However,
this may not always be the case. Nevertheless, it is obvious that industry influence is evident,
but the extent of occurrence is poorly understood.

Cost-saving
Although cost can be a barrier, Table 8.1 shows the implications of financial benefit for the

adoption of IMTs for CH&S education and training. The work of Bhagwat et al. (2021)
introduced elsewhere in this chapter contributes to explaining this. While there is a difference
in the views of professionals and engineering students in different visualisation platform—based
technologies in health and safety training and assessment, construction professionals prefer the
virtual tour—based safety module because of it is cost-effective, saves time, and has easy
features. This may also be of interest to education institutions, training providers and business
who are keen on saving cost.

While CH&S education and training based on lectures, PowerPoint presentations, and video
training are less expensive (Joshi et al. 2021) hence a barrier to adopting IMTSs in the training
which more expective (Babalola et al. 2023a; Eiril et al. 2018; Jacobsen et al. 2022), the case
may be different in some sectors of the construction industry. For example, according to Joshi
et al. (2021), the lectures, PowerPoint presentations and video training options do not engage
the participants of precast/prestressed concrete safety and health-related training, hence trainers
resort to on-site training which is engaging but not without major limitations (Joshi et al. 2021).
In particular, the on-site training for construction safety is engaging, but they are expensive
‘because it requires professionals to train employees in the plant which interrupts plant
operations and affects productivity’ (Joshi et al. 2021). This has significant cost and
productivity implications. Consequently, immersive VR-based training is gaining attraction in
the precast/prestressed sector/industry because it will address the two main limitations above,
lack of engagement and high cost (Joshi et al. 2021).

Improved safety behaviours

The economic, legal, and moral implications of poor health and safety including accidents
result in organisations seeking ways to improve the safety behaviour of workers. One of the
major reasons for this is the poor awareness and practical experience of health and safety (Le
et al. 2015, Babalola et al. 2023, Rokooei et al. 2023) but immersive technology is proven to
contribute to addressing this (Tixier et al. 2013; Le et al. 2015). Therefore, it is logical to argue
that where there is evidence of it improving safety behaviours of workers/learners (Adami et
al. 2021; Nykénen et al. 2020), competence (Le et al. 2015), and awareness (Xu and Zheng
2021), the pressure to improve safety performance because of the associated benefits, legal and
moral obligations (Umeokafor, 2017) can drive organisations to adopt IMTSs as the construction
safety education/training delivery method. While the evidence of improved safety performance
reported in some of these studies is limited, this outcome offers optimism. For example,
Nykanen et al. (2020) found an increase in self-reported safety performance of the workers
who participated in the immersive VR-based construction safety training after a month of




attendance, but the method of assessment may be biased as it is self-reported. Also, it is
unknown what will happen after a month of attendance — in the long run (Adami et al. 2021).
In other words, how sustainable is the improvement in safety behaviour and knowledge
retention in the long run, say 8 to 12 months? This is yet to be examined.

Risk avoidance

The points on risk avoidance as a driver for the discourse are covered in studies such as Feng
et al. (2022), Wolf et al. (2022), Sacks et al. (2013), Pedro et al. (2015), Xu and Zheng (2021)
Soe et al. (2021) and Adami et al. (2021). VRs have the potential to deliver CH&S training in
extremely hazardous activities in safety and simultaneously address cognitive expectations in
learning which also increases interest in digital technology. Being that construction is a
hazardous industry, this can drive the adoption of the technology in the discourse. One good
example is safety training in active electric construction sites which are well-known for electric
shocks and fall incidents where IMTs have been adopted because of the high level of risk (Soe
et al. 2021). Other high-risk activities/sectors in the industry where IMT has been adopted as a
result include demolition (Adami et al. 2021), and precast/prestressed concrete in Joshi et al.
(2021). Further, this has positive implications for construction safety researchers. According
to Feng et al (2022), immersive technology (with serious games) provides a major advantage
for behaviour studies in that it eliminates the risks associated with researchers observing
hazardous construction activities and the ethical issues from such research. This can drive the
technology in this regard.

Discussion

The study aligns with the aim of the book in that it offers insight into the drivers of continuous
CH&S improvement by providing a theoretical framework on the drivers of IMTs in CH&S
education and training. The major driving factors found centre on the quest of organisations
(education institutions/training providers, and construction businesses) to provide
workers/learners with practical experience of health and safety, its knowledge and retain it.
This is expected given the limitations of conventional training and teaching methods (see the
subthemes, limited conventional pedagogical methods and real-world experience). The
pressure to change the CH&S delivery methods to address these limitations hence can become
a driver is consistent with extant studies (Le et al. 2015b, Wolf et al. 2022; Soe et al. 2021;
Joshi et al. 2021; Xu and Zheng 2021). Knowledge-based drivers for adopting AR in education
and training is also found in Martinez et al. (2014), for example, AR enabling fast learning
curve and catching the attention of learners because of the real environment.

The second theme (performance indicators) consist of drivers (for example, risk avoidance,
cost-saving, and student satisfaction) that have business interests in common. While this insight
is unique, the findings in the theme are consistent with extant studies. For example, focusing
on construction broadly, Davila Delgado et al. (2020) found that the drivers to AR and VR
adoption in construction include that the technologies reduce risks, ranking 4th with a means
score (MS) of 4.06 in the study. Risk avoidance in Delgado et al. (2020) is found to also
replicate as a driver in Table 8.1 but, in this instance, in terms of construction safety education.
Their study also agrees with ours in terms of cost saving (Table 8.1). They found that the ability
of AR and VR to save overall spending in projects (with an MS of 3.09) is a driver as its
reduction in budget which ranks 15th with MS 3.41. Martines et al. (2014) also found
‘reduction in cost’ as a driver for AR adoption in education and training. The quest to improve
efficiency, and productivity as driver of IMTs adoption which we found (Table 8.1) is also
reported in Davila Delgado et al. (2020) as two drivers where, ranking 5th (with MS 4.03) and



ranks 7th with MS 3.88. There are other drivers (e.g., government initiatives, client
requirements, and enabling market expansion) in Davila Delgado et al. (2020) which are not
found in our current study and vice versa. A possible explanation is the difference in scope
which reinforces the need for the current study.

It tempting to conclude that the performance indicators-based ones will be stronger drivers (as
highlighted in Figure 2) perhaps because they are business-oriented. However, this may not be
the case as the knowledge and practical experience-based ones are likely to influence business
mattes or have implications for it. For example, if the method of delivery is not fit for purpose,
learners and business may be attracted to providers that offer this as the same figure shows.
This can be investigated in future research.

While the current research provides a detailed and strong theoretical foundation for
understanding the drivers of IMTs adoption in CH&S education and training, providing a
robust foundation and stepping-stone for further research, it has some drawbacks. For example,
the findings are subject to empirical validation. Also, only two immersive technologies, VR
and AR, were found to be adopted in CH&S education and training with VR being the main
one. However, the findings were not categorised based on the technology used. While it can be
argued that many of the drivers will be the same/similar, it would be insightful to see if there
are differences based on the types of technology.

Implications for Practice and Research

The study provides valuable insight into the adoption of IMTs for CH&S education and
training, especially the complexities in the drivers. It creates a fundamental direction for the
development of strategies for improving the use of technologies in health and safety education
and training in construction. The findings advance the understanding of academics,
policymakers, training providers, technology experts, and businesses on the influence of
business environment and objectives in immersive technologies adoption in health and safety
Education and training. The study contributes to the body of knowledge by unearthing the
drivers and developing a rich theoretical framework of this, a foundation for examining this
empirically.

Conclusions and recommendations

The links among injuries and illness and the lack of awareness and practical knowledge of
health and safety warrants a shift in the relevant training and education delivery methods hence
the adoption of IMTs. Reviewing papers published in the Scopus database for the past 15 years,
this study has unearthed the drivers of IMT adoption in CH&S education and training. It
provides information on the driving factors for its improvement from the digital technology
perspective hence in line with the focus of the book. The two themes (Knowledge and practical
experience, and performance indicators) of the main drivers consist of eight subthemes
including cost-saving, improved safety behaviours, risk avoidance, and industry skills
requirements. While the knowledge-related drivers are expected, the performance indicators
demonstrate a strong alignment with industry and business objectives. Although the drivers are
not without limitations such as high cost and skills requirements for the technology, the study
offers a deep theoretical framework for future studies in the area. Further, the study has
implications for developing strategies for immersive technologies implementation in CH&S
education and training.



As the findings are subject to empirical investigation, future studies can focus on surveying the
drivers to see the extent to which they impact the adoption of the technology. For example,
quantitative research (e.g., quantitative survey) can examine the impact of knowledge and
practical experience-based ones and the performance indicators-based drivers. Then group
analysis will be conducted to see if there is a statistically significant difference between them.
The same applies to the AR-based and VVR-based drivers. It will be good to see if they are the
same and if the experience, knowledge acquisition, and retention differ because of the
immersive technology adopted for construction safety and health education and training.
Further, the causal inferences in Figure 2 are subject to empirical investigation, a
recommendation for further studies.
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