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Immersive technologies (ImTs) have emerged as a viable pathway to address poor occupational safety and health
(OSH) performance through training and education of workers. This study aimed to gain a holistic view of the
applications of ImTs for OSH training and education. A review of the application of ImTs for OSH training and
education is conducted using the preferred reporting items for systematic reviews and meta-analysis (PRISMA)
approach and bibliometric analysis. This resulted in the evaluation of 67 relevant journal articles collected from
Scopus, Web of Science, and Engineering Village. The review revealed that ImTs have been applied for OSH
training and education in various industries including transportation, construction, mining, and healthcare. It
was also revealed that the OSH hazards addressed by ImT-based training and education include but are not
limited to fire, fall, electrical and chemical hazards in order to prevent or reduce injuries, illnesses and fatalities.
In addition, it was revealed that one of the benefits of ImTs for OSH training and education is better retention of
concepts when compared to conventional training and education. Challenges associated with the use of ImTs for
OSH training and education include insufficient display brightness for users to effectively see virtual objects in a
brightly luminated environment. Among the recommendations for future work is research into how to develop
effective communication methods between trainers and trainees immersed in a virtual environment for trainers
to fully understand the difficulties trainees experience in operating the developed ImT-based platform and
provide solutions to such difficulties.

1. Introduction initiative is the ability to retain relevant knowledge. Over the years, the

realisation of this core objective has been through conventional training

While occupational safety and health (OSH) is paramount across all
industries, various industrial sectors have different OSH hazards and
outcomes which require intervention. For example, working at heights
which involve performing tasks above ground level on a job site (Rubio-
Romero et al., 2013) is common in industries such as mining, energy/
power and the construction industries with workers prone to falling,
thereby likely to cause injuries (HSE, 2014; Rey-Becerra et al., 2021).
For instance, in the United Kingdom, in 2021/22 there were 123 worker
fatalities, and about 600,000 workers sustained non-fatal injuries.
(Health and Safety Executive, 2022a). OSH has therefore become a
priority for many countries around the world (Gendler and Prokhorova,
2021). These appalling statistics emphasise the urgency for
interventions.

A fundamental objective of any health and safety management
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and education methodologies, which often require physical interaction
and substantial operational costs especially when such trainings need to
be repeated multiple times to large cohorts of workers. Subsequently,
immersive technologies (ImTs) can provide an effective OSH training
and education due to features such as real-time visualisation, risk-free
visualisation and an improved rate of learning (Dhalmahapatra et al.,
2021). Based on these premises, this study takes a look at the application
of ImTs to complement OSH training and education in an attempt to
address the ongoing poor OSH performances.

It has been observed from academic literature that training and ed-
ucation is essential to improve OSH performance. For example, a study
of 100 accidents by Haslam et al. (2005) revealed that the knowledge/
skill of workers on the execution of tasks contributed to 42% of the
accidents they examined in the construction industry. The training of
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these workers to expand their knowledge/skills on the execution of these
tasks could therefore have resulted in fewer accidents. Another accident
causation study by Nkomo et al. (2018) in the forestry industry stated
that chainsaw operators are highly prone to injuries and even fatalities
as a result of lack of training on saw control as well as the adherence to
safe work practices. According to Bourassa et al. (2016), lack of training
is one of the main causes of frequent occupational accidents within the
manufacturing industry. In addition, within the transportation sector,
Shang and Lu (2009) reported that the implementation of OSH training
programmes always tend to reduce the number of work-related acci-
dents. Sanmiquel et al. (2018) revealed that providing workers in the
mining industry with knowledge on the causes and factors of major OSH
hazards will improve the OSH performance of the industry. Similarly, a
study by Duarte et al. (2019) revealed that training and education
especially for less experienced workers would improve the OSH per-
formance in the mining industry. This could also apply to other in-
dustries with OSH training and education used in providing workers in
various industries with knowledge on OSH hazards and outcomes.
Suitable training on workplace hazards would have prevented fatalities
that occur annually due to accidents (Zhao and Lucas, 2015). OSH
training which can be described as a range of efforts undertaken to
engage trainees with the aim of affecting their motivation, behaviour
and attitudes in order to improve health and safety of workers on the job
(O’connor et al., 2014) with OSH education referring to school settings
has therefore been established as one of the interventions that can be
used in addressing OSH challenges in the workplace. This paper there-
fore focuses on OSH training and education of workers through the use
of ImTs, which is considered a vital element of the digitisation scheme of
industry 4.0 technologies.

It has been observed from literature that researchers have developed
interests in the application of ImTs in training and education across
industrial sectors. For example, ImTs have been applied in the trans-
portation sector for the flight training of aviation students (Fussell and
Truong, 2020) while Ali et al. (2018) proposed using ImTs for compet-
itive physical training in the military to encourage the military forces to
challenge themselves. Furthermore, traditional OSH training and edu-
cation methods including lectures, seminars, online exercises, and non-
interactive videos do not seem to be very effective for knowledge
acquisition and retention of OSH trainees (Lovreglio et al., 2021).
However, in recent times, there have been advancements in the display
technologies, computing power and 3D gaming of ImTs with rapid
growth of head-mounted display (HMD)-based ImT systems in the
consumer market (Renganayagalu et al., 2021). As it has been stated
that ImTs have long been considered as an effective medium for training
and education (Pantelidis, 2009), it would be worthwhile to consider the
role of ImTs in OSH training and education with the aim to address the
shortfalls of the traditional methods of OSH training and education
while also improving the industrial OSH performances.

ImTs have been applied for training and education for several years
(Buttussi and Chittaro, 2021). The advent of ImTs has driven the growth
of its use in various educational contexts globally (Cakiroglu and
Gokoglu, 2019). ImTs can also be applied for OSH training and educa-
tion in various industries. For instance, the coal mining industry which
consists of dangerous working environment could adopt ImTs for miner
safety training and emergency rescue drilling (Li et al., 2020). However,
there is an underrepresentation of reviews that render a holistic view of
the application of ImTs for OSH training and education in different in-
dustrial sectors. Some reviews have been conducted on the application
of ImTs, especially virtual reality (VR) and augmented reality (AR) for
OSH training and education in various industries. Still, most of these
reviews are often individualised owing to their focus on the application
of just one or two ImTs for OSH training and education on a particular
industry such as the study by Zhong et al. (2021) which was a systematic
review on the applications of VR for OSH training in the healthcare
sector. Some other reviews have also focused on the use of ImTs for OSH
training and education to address a particular OSH hazard such as the
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study by Rey-Becerra et al. (2021) which conducted a literature review
on the effectiveness of virtual safety training on working at heights.
Moreover, none of the included articles in this study conducted a bib-
liometric analysis on the applications of ImTs for OSH training and ed-
ucation which is essential because it contributes to effective research
planning and interdisciplinary collaborations. The shortfall of compre-
hensive academic papers, therefore, makes it difficult for researchers
and industry professionals to competently explore as well as ascertain
the proficiency of all approaches under all scenarios at a glance. This
study thus provides a systematic review and bibliometric analysis of the
applications of ImTs which include VR, AR and mixed reality (MR) for
the OSH training and education in multiple industries and covering a
broad spectrum of OSH hazards.
The research questions that therefore direct this study are:

i. What is the current state of research on the application of ImTs for
OSH training and education? In particular, what types of industrial
OSH hazards and outcomes are addressed through the use of ImTs for
OSH training and education in the academic literature?

ii. What are the challenges/limitations and future research directions
regarding the application of ImTs for OSH training and education?

This study begins with an overview of the definitions, concepts and
tools pertaining to ImTs. This is followed by a detailed description of the
systematic review approach applied for the study. Subsequently, the
state of the application of ImTs for OSH training and education in the
industry are presented, highlighting the types of OSH hazards and out-
comes addressed by the use of ImTs for OSH training and education in
various industries. This is then followed by the challenges associated
with using ImTs for OSH training and education in the industry with
recommendations for future studies on the applications of ImTs for OSH
training and education and finally, the conclusion of this study.

2. Background: Definition, concepts and tools of immersive
technologies

ImTs consists of VR, AR, and MR (Calvet et al., 2019). VR can be
described as a computer-generated environment which allows users to
interact with digital images called avatars (Herbst et al., 2021). For
further clarity, VR can be described as a computer-generated three-
dimensional (3D) simulation of real-world scenarios which allows users,
with the aid of electronic devices worn on their body to perceive and
interact with the simulated environment (Freina and Ott, 2015; Negut
et al., 2016). The setup of VR could involve the use of VR HMDs or
multiple projected screens which provide an immersive experience of
the virtual world, or with the use of a desktop monitor or smartphone
which provides non-immersive experience of the virtual world to users
(Robertson et al., 1993; Buttussi and Chittaro, 2021). VR produces
content that consists of a computer-generated environment or a 360-de-
gree view of digital images which can be viewed with a VR HMD
(Araiza-Alba et al., 2021). VR can be seen as a form of ImTs in which
computer can be used to sense and track the position and movement of
users in a virtual environment and augment the sensing feedback to one
or more human senses thereby providing the sense of immersion
(Saghafian et al., 2020). In recent times, VR has been used to recreate
scenarios such as emergency or risky environment which is difficult to
investigate in the real world (Gamberini et al., 2021).

AR can be described as the integration of computerised information
and real-world scenarios (Wu et al., 2013; Rodriguez-Abad et al., 2021).
AR combines virtual and real objects, aligns them with each other in a
real environment, and renders the objects interactively in real-time (Di
Serio et al., 2013; Rodriguez-Abad et al., 2021). It can be referred to as a
technique for enhancing human perception and information extraction
from the virtual environment to the real world (Milgram, 2011; Chu
et al., 2018; Fenais et al., 2019).

MR can be described as a simulation that involves blending virtual
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objects and the real world into a semi-virtualised, mixed environment
(Rauh et al., 2021). MR consists of AR which is the enhancement of
reality with virtual objects and Augmented Virtuality (AV) which is the
enhancement of virtual world with real objects (Rauh et al., 2021).
Extended reality (XR) is a broad name for VR, AR and MR and it refers to
all real and virtual environment and human-machine interactions
generated by computer technology and wearables (Alizadehsalehi et al.,
2020). Table 1 provides a better illustration of the differences between
the features of the three main types of ImTs. It shows that VR highly
immerses its users into a virtual environment that consists of virtual
objects/scenarios with minimal real objects/scenarios. On the other
hand, users of AR are not totally immersed in a virtual environment and
so have some level of interaction with real objects. MR, however, allows
its users to have a high interaction with real objects as it provides some
level of immersion in the virtual environment. Although ImTs are not
new forms of technology, the application of this technology in the in-
dustry is embryonic which is because there has only been a routine and
vast scale of use of ImTs by the industry and the general public within
the last five years (Mora-Serrano et al., 2021). In general, ImTs have
been applied for the purpose of training and education, especially in the
form of immersive serious games due to its ability to highly engage users
(Chittaro and Buttussi, 2015; (Cakiroglu and Gokoglu, 2019); Gamberini
et al., 2021). Serious games are games developed for training and edu-
cation on situations that are difficult to replicate in the real world due to
safety concerns rather than for entertainment (Giessen, 2015; Feng
et al., 2018; Saghafian et al., 2020). An increasing number of organi-
sations have implemented ImTs as the imminent future due to its
reduced time for training and infrastructure, reduced labour and oper-
ational costs and increased productivity while ensuring the safety of
human beings and facilities (Saghafian et al., 2020).

Based on the existing literature on the development of virtual envi-
ronments, they can be created using computer software such as Unreal
engine (Dhalmahapatra et al., 2021), Unity game engine (Matsas and
Vosniakos, 2017), Blender software (Isleyen and Duzgun, 2019), Second
Life (SL) 3D virtual world platform (Le et al., 2015), OpenSimulator and
ActiveWorlds (Cakiroglu and Gokoglu, 2019). These computer software
operate on modelled objects to develop a virtual environment. Different
game engines make use of different programming languages to pro-
gramme the various virtual objects in a virtual environment. The pri-
mary language of Unity game engine is C# (Jiang et al., 2018) while the
programming of modelled objects in Unreal game is C++ (Fathima and
Aroma, 2019). Some of the software used for the modelling of virtual
objects to be uploaded into the different game engines are Autodesk
Maya (Khan et al., 2021), Adobe Fuse (Khan et al., 2021), Autodesk
Revit (Rahouti et al., 2021) and Google SketchUp (Ouyang et al., 2018).
A model can be categorised as low poly mesh which can be developed
using modelling tools in Autodesk Maya such as Bevel, Insert Edge loops
and Extrude and high poly mesh which cannot be used in game engines
as it consumes more computing power from the system (Fathima and
Aroma, 2019). However, baking can be used to model low poly mesh
objects to appear like high poly mesh objects with texturing software
such as Substance Painter 2 (Fathima and Aroma, 2019). The process of
the development of a virtual environment therefore involves the
sculpting of real world objects with a 3D modelling software which will
then undergo texturing which also involves adding of colour to the

Table 1
Features of the different types of ImTs (()).

Features Main Types of ImTs

VR AR MR
Virtual/Synthetic content level High Low Medium
Real content level Low High High
Interaction level Low Medium High
Immersive level High Medium Medium

adapted from Alizadehsalehi et al., 2020; Khan et al., 2021
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modelled objects before being uploaded to a game engine to be
controlled using a programming language (Fathima and Aroma, 2019).
For further clarification, an object modelled into a special player in a
virtual environment to represent users of the virtual environment is
known as a virtual avatar (Khan et al., 2021).

While the roles of the aforementioned software tools in developing
the creation of a typical virtual environment is uncontested, there are
also devices that are used for the simulation of the interaction between
users and the virtual environment. These devices include keyboard,
mouse, wired glove, multidirectional treadmill, joystick, exoskeleton
and trackball (Dhalmahapatra et al., 2021). For example, the users of a
virtual environment developed with the use of Unity game engine for the
training of mine rescue brigades for search and rescue purposes used
joysticks for interaction with the virtual environment (Pedram et al.,
2021) while trainees used hand controllers on Covid-19 related health
and safety skills (Birrenbach et al., 2021).

3. Methodology

The shortfall of comprehensive academic papers on the application
of ImTs for OSH training and education in different industrial sectors
makes it difficult for researchers and industry professionals to compe-
tently explore as well as ascertain the proficiency of all approaches
under all scenarios at a glance. The previous literature reviews that have
been identified used systematic review (Zhong et al., 2021), traditional
literature review (Afzal and Shafiq, 2021; Rey-Becerra et al., 2021) and
critical review (Li, 2018) methodologies. However, the current study
adopts the PRISMA-based systematic (SLR) approach and a bibliometric
analysis which implies that there is a systematic approach to the defi-
nition of keywords, database selection, articles inclusion/exclusion and
research timeline, which makes it easier for future researchers to
determine the exact contributions as well as limitations of each study.
This method links all evidence to the research questions using the clearly
defined process which would result in minimal bias, thereby making the
findings reliable from which conclusions can be drawn and decisions
made (Snyder, 2019).

3.1. Review approach

SLR based on the PRISMA approach was adopted in this study with
the aim of obtaining a broad view on the application of ImTs for OSH
training and education in several industries. A SLR is a literature review
approach which requires considerate efforts to identify and interpret
contributions of existing academic studies that relates to the investi-
gated topic, thereby incorporating these studies on a clarity, impartiality
and reliability basis (Qiao et al., 2021). The literature search was con-
ducted using three online databases which are Scopus (https://www.
scopus.com), Web of Science (https://www.webofknowledge.com)
and Engineering Village (https://www.engineeringvillage.com), owing
to their technical prowess, diversity and size, especially with regards to
technology and OSH. The three online databases were used to ensure the
available relevant literature was utilised for this research in order to
optimally obtain insights on the field of study and to increase validity of
the results. Furthermore, these databases have been chosen because they
provide quick access to relevant literature and metrics such as CiteScore
metrics which helps track the impact of journals. These are citation
databases that extract articles related to the field of study across an
extensive range of disciplines. The keywords used for the search were
divided into three fields with the first field focusing on the technology,
the second field on training and education and the third field on OSH as
shown in Fig. 1.

The set of keywords that was applied to verify the title, abstract and
keywords of the papers collected from Scopus database is:

(TITLE-ABS-KEY (“Augmented Reality” OR “AR” OR “Virtual Reality”
OR “Mixed Reality” OR “MR”) AND TITLE-ABS-KEY (“Training” OR


https://www.scopus.com
https://www.scopus.com
https://www.webofknowledge.com
https://www.engineeringvillage.com
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Group 1

“Augmented Reality” OR “AR” OR
“Virtual Reality” OR “VR” OR “Mixed
Reality” OR “MR”

“Occupational Health and Safety” OR “Occupational
Safety and Health” OR “Safety and Health” OR
“Health and Safety” OR “Safety” OR “Health”
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Group 2

“Training” OR
“Education”

Group 3

Fig. 1. Keywords for systematic literature review.

“Education”) AND TITLE-ABS-KEY (“Occupational Health and Safety”
OR “Occupational Safety and Health” OR “Safety and Health” OR
“Health and Safety” OR “Safety” OR “Health”))

The set of keywords that was applied to verify the title, abstract and
keywords of the papers collected from Web of Science (WoS) database is:

((TI=((“Augmented Reality” OR “AR” OR “Virtual Reality” OR “VR”
OR “Mixed Reality” OR “MR”) AND (“Training” OR “Education”)
AND (“Occupational Health and Safety” OR “Occupational Safety and
Health” OR “Safety and Health” OR “Health and Safety” OR “Safety”
OR “Health”))) OR (AB=((“Augmented Reality” OR “AR” OR “Virtual
Reality” OR “VR” OR “Mixed Reality” OR “MR”) AND (“Occupational
Health and Safety” OR “Occupational Safety and Health” OR “Safety
and Health” OR “Health and Safety” OR “Safety” OR “Health”))) OR
(AK=((“Augmented Reality” OR “AR” OR “Virtual Reality” OR “VR”
OR “Mixed Reality” OR “MR”) AND (“Occupational Health and
Safety” OR “Occupational Safety and Health” OR “Safety and Health”
OR “Health and Safety” OR “Safety” OR “Health”)))

The set of keywords that was applied to verify the title, abstract and
keywords of the papers collected from Engineering Village (EV) data-
base is:

((((“Augmented Reality” OR “AR” OR “Virtual Reality” OR “VR” OR
“Mixed Reality” OR “MR”) WN KY) AND ((“Training” OR “Educa-
tion”) WN KY)) AND ((“Occupational Health and Safety” OR “Occu-
pational Safety and Health” OR “Safety and Health” OR “Health and
Safety” OR “Safety” OR “Health”) WN KY))

Fig. 2 shows a flowchart that depicts the different stages of the SLR
process. The initial search yielded 6,777 publications from Scopus,
2,021 articles from WoS and 6,717 articles from EV databases, making a
total of 15,515 articles. The search strings were then limited to journal
articles. This is because journal articles are peer-reviewed and provide a
more comprehensive information with higher quality when compared to
other publication types (Farghaly et al., 2021; Hou et al., 2021).
Furthermore, it has been observed that other document types such as
conference papers when included in SLR usually complicate the
analytical process and yet add very little to the results (Butler and Visser,
2006; (Hosseini, 2018); Wuni et al., 2019). The articles selected must be
written in English, and there was no specified timeframe in selecting the
relevant articles. After filtering the search string based on predefined
inclusion and exclusion criteria, the total number of relevant articles was
7,288 articles, with 3,810, 1,348 and 2,130 articles from Scopus, WoS
and EV databases, respectively. These articles were then screened by
their titles and abstracts as regards to the relevance of these articles to
the scope of this study. The screening of titles and abstracts of these
articles filtered out 7,125 articles. For instance, an article by Blankholm
and Hansson (2020) which “aimed to assess the extent of the magnetic
resonance (MR)-related incidents by identifying gaps between the results of a
national questionnaire and the reported MR- related incidents to a national
database, assessing the type of MR-incidents reported and determining if the

MR safety education level was sufficient between 2015 and 2017 was one
of many articles that was filtered out due to the lack of relevance of its
contents.

Eventually, 116 articles were considered relevant across all data-
bases, with a distribution of 30, 46 and 32 articles from Scopus, WoS and
EV databases, respectively. The next stage of the filtration involved use
of Mendeley, a reference management system to remove duplicate and
triplicate articles. This process revealed 7 duplicates from EV database
alone, because it comprises of 4 smaller but distinct databases, namely;
Compendex, Inspec, Geobase and Georef. The exclusion of these 7
repeated articles further reduced the outputs from EV to 25 relevant
articles and 101 articles in total. Moreover, 5 triplicates from the three
databases; 14 duplicates from Scopus and WoS databases; 5 duplicates
from Scopus and EV and 5 duplicates from WoS and EV were identified
and excluded accordingly. With the aim to enhance clarity and visibility,
the Venn diagram shown in Fig. 3 depicts the distribution of the
repeated articles across the databases through the intersection points.
Fig. 3 shows the importance of using three different scientific databases
as more articles were obtained which were not collected in the other
databases. For example, in addition to the 30 articles collected in the
Scopus database, 37 relevant articles were collected from WoS and EV
databases. This shows that efforts have been made to ensure available
data has been maximised and the relevant literature has been consid-
ered. This would therefore ensure that the conclusions made from this
systematic review accurately reflect the extant literature on the subject
of inquiry. Once all duplicates and triplicates were removed, 67 relevant
papers were retained for further detailed review. The SLR revealed that
some previous studies attempted to investigate the application of ImTs
(mainly VR, AR and MR) for OSH training and education in various
industrial sectors such as fire service (Li and Xiao, 2018), construction
industry (Eiris et al., 2020), transportation sector (Chittaro, 2018) and
many more. The identified studies attempted to investigate the appli-
cation of ImTs (mainly VR, AR and MR) for OSH training and education
in various industrial sectors by using approaches such as experimental
study, simulation (Cha et al., 2012), pilot study (Zhao et al., 2016) and
survey (Udeozor et al., 2021). However, a conspicuous insignificant
number of reviews renders a holistic view of research activities related
to the application of ImTs for the OSH training and education in various
industrial sectors. Moreso, the uniqueness of this study is further
buttressed because none of the limited numbers of existing reviews are
systematic, which makes it more challenging to establish robustness
especially with regards to the justifications for the identified relevant
articles, search keywords and timelines covered, which are essential for
planning future research endeavours.

3.2. Analysis

The initial stage of the analysis entailed observing the bibliometric
data which was carried out by the analysis of the frequency of the
included articles based on year of publication, title of journal, location of
study and research method. The frequency analysis was facilitated by
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Fig. 3. Venn diagram of the distribution articles across databases.

using an analytic framework (see Table 2) to enable the annotation of
the included articles and extraction of relevant information about the
research objectives.

For the effective analysis of the included articles, the SLR identified
the locations of studies, aims and objectives of the studies, the research
methods used by the study, the main findings of the study, other subsets
of industry 4.0 technologies used to complement ImTs, the various
challenges experienced in the applications of ImTs for OSH training and
education and the types of OSH hazards and outcomes addressed by
ImTs-based training and education. The SLR further identified future
research areas pertaining to the applications of ImTs for OSH training
and education.

4. Results and discussions

The results of a bibliometric analysis of the records obtained from
Scopus, WoS and EV databases is discussed which shows the trends and
patterns in the countries covered by the study, keywords and co-
authorships as well as the inter-relationships between these variables.
The distributions of publications per year, in different locations of study
and the various source titles are also discussed with inferences made

Table 2
Analytical Framework.

Items

Location (Country) of study

Aims/objectives of study

Main findings/outcomes

Limitations/challenges related to application of ImTs
Type of OSH hazard addressed by ImTs

Type of OSH condition addressed by ImTs
Limitations of the study

from these results. The usefulness of bibliometric analysis, especially
regarding SLR, is that it makes the identifying peaks and troughs in data
easy. It also enhances researchers to match notable events and to aid
research planning.

4.1. Bibliometric analysis

Bibliometric analysis can be defined as the quantitative analysis of
written published articles (Ellegaard and Wallin, 2015). Bibliometric
analysis is ‘useful for deciphering and mapping the cumulative scientific
knowledge and evolutionary nuances of well-established fields by
making sense of large volumes of unstructured data in rigorous ways’
(Donthu et al., 2021, p.1). Software tools developed for visualising the
bibliometric analysis of publications include VOSviewer, CiteSpace,
Gephi, HiteSpace and BibExcel (Liu, 2013; Akinlolu et al., 2020). The
bibliometric analysis of the included articles in this study was conducted
using VOSviewer. VOSviewer is a software that is used to create
distance-based maps of networks with the level of closeness of nodes
being represented by the distance among the nodes (Oraee et al., 2017).
This means that the smaller the distance between any two given nodes
within the network, the stronger the relationship between the corre-
sponding items and vice versa.

4.1.1. Mapping of the Co-occurrence of keywords

The co-occurrence of keywords is conducted to visualise and
comprehend the relationships, patterns and intellectual organisations of
research themes (van Eck and Waltman, 2014; Jin et al., 2018). The co-
occurrence maps were generated based on a combination of keywords
extracted from all the databases used for this SLR (i.e. Scopus, WoS, and
EV). There are no standard rules for setting the frequency of the
occurrence of the keywords (Wuni et al., 2019; Khan et al., 2021). This
study, however, adopted best practices suggested by Chen and Song
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(2017), Oraee et al. (2017), Jin et al. (2018) and Hosseini et al. (2018) to
accomplish the co-occurrence mapping of keywords. Consequently, with
the use of fractional counting method, a total of 3,747 keywords were
extracted using the fractional counting method. With a minimum
number of 5 co-occurrence of keywords, 138 keywords co-occurred, and
9 significant clusters were identified. Fig. 4 shows a network visual-
isation map of the 9 co-occurring keyword clusters with 70 items, 298
links and a total link strength of 361. The keywords that have distinctly
larger nodes than the rest of the keywords include virtual reality, training,
education, and simulation. The size of a keyword reflects the number of
times the particular keyword appeared as an author keyword in research
articles while keywords that are closely located reveals their co-
occurrence in research articles (Wuni, Shen and Osei-Kyei, 2019).
Clusters are represented by the colours, and they indicate that the
keywords co-occur most frequently. For instance, technology, military,
virtual worlds, virtual environments, safety, and serious games keywords
which are represented by the green colour co-occur frequently. This
information could act as a guide for researchers in selecting suitable
keywords to use in their articles in order to ensure wider indexing and
retrieval of articles. The highly frequently co-occurring keywords also
align with the keywords used in the literature search conducted in this
study.

4.1.2. Mapping of co-authorship

It is essential to analyse and visualise the network of all the authors
of the included articles as it has been stated by Wuni et al. (2019) that
the collaboration of researchers and institutions can expedite the ex-
change of knowledge, applications for joint funding and innovations.
The analysis and visualisation conducted will help in identifying the
leading collaborations in the research on ImTs for OSH training and
education. VOSviewer was also used to conduct a network visualisation
of co-authorships, and the visualisation which includes the network of
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the lead authors, and their collaborators is shown in Fig. 5. With the use
of VOSviewer, the type of analysis was set to “co-authorship” and the
unit of analysis was set to “authors” while the counting method selected
was “fractional counting”. The minimum number of documents per
author was set to 5 to filter authors that met the threshold. This
generated 17,462 authors, including the lead and co-authors, with 11
meeting the set thresholds. The largest set of connected items was 54
items. These connected items yielded 8 clusters, 184 links and a total
link strength of 138.5. The overlay visualisation co-authorship network
shown in Fig. 5 shows that researchers such as Taylor, D., Darzi, A.,
Aggarwal, R. and Jones, D. tend to collaborate more frequently. This co-
authorship network enhances the ability of researchers to quickly
determine answers to essential research planning questions such as
“who’s doing what, where and when”, thereby facilitating future
research collaboration.

4.1.3. Mapping of collaborations by country

VOSviewer was again used to recognise the countries that are leading
in producing studies that focus on the applications of ImTs for OSH
training and education. Similarly, the type of analysis selected was “co-
authorship” with the unit of analysis set as “countries” and the counting
method was “fractional counting”. Moreover, the minimum number of
documents of a country was set to 5 while the minimum number of ci-
tations of a country was set to 5. The number of countries detected by
VOSviewer software was 151 with 45 meeting the thresholds. The
largest set of connected items was, however, 44 items as shown in Fig. 6
which shows the research-active countries in ImTs for OSH training and
education. These connected items yielded 9 clusters, 302 links and a
total link strength of 346.50. As seen in Fig. 6, bigger nodes represent
United States of America (USA), United Kingdom (UK), China and
Canada. This indicates that researchers in these are the biggest con-
tributors to the studies on the applications of ImTs for OSH training and

miligary

L 4

P seriousigames

) 4
virtual enflironments

virtualgwortds

s o Y
: Integnet- ¥ S@ safety training
robatics
7 e-ledfnin
guidelines Wine
treatgnent
i 4 %I’assiﬁcation
trainir A7 i &
2= -
assessment ¥ M @“rtual rea“ty pain
¥ _prevention : o
skills augmented reality balance
currigulum N @ o 4
Si on LA AN
& computer-assisted instruction
¢ performance health
» edicaléducation togmkion
simulation-based medical educa virtual environment
artificial intelligence
. simulation training
g)% VOSviewer

Fig. 4. Network of C

o-occurrence of Keywords.



A. Babalola et al.

wag<. zhafg, d.
ligg!. - -
chep, z. - wang, J:
iy 1 &
hang, m. o
zhang. m * liy, j. zhang, .
chep,

wang, x.zhang, j.

X!
QWY @& .y,

Safety Science 166 (2023) 106214

tayler, d.
da@a.*

lr.
aggwa'r

%
joneg,d.b.

huang, y.
zhafig, x.
zhang, z. cary . ®
o zaiggn.
kononawicz, a.a.
hejy.
. schwebel, d.c.
g& VOSviewer
2014 2016 2018 2020
Fig. 5. Network of co-authorships.
rara
e
seudi e abia
sngapore
s
china CAfiEHa
Southglrica = A 1 v
e e o Onireqiipedome,
el
il %
switagrland japan
siiffnetigands. oS united states
e 4 = <\ ~
southikorea
nomway 7 sw‘!n
s i Jf
: poland N e ceand
nda
bangadch
&.VOSV\EWE(

Fig. 6. Network of Collaborations by Country.

education. These findings are however not surprising as it has been
noted that there are more research studies from European, American and
Asian countries on digital technologies as countries from these conti-
nents are ranked the most digitally innovative countries in the world
(Martinez-Aires et al., 2018; Vuksic et al., 2018; Aghimien et al., 2020;
Akinlolu et al., 2020; Institute of Management, 2021). This is also
consistent with the findings of Akinlolu et al. (2020) which highlighted
that digitalisation and the adoption of technology in the industry espe-
cially for OSH training and education are low in Africa as only Egypt,
Nigeria, and South Africa appear in the bibliometric network analysis
when compared to the countries in Europe, Asia, and, America.

One of the studies conducted by Guo et al. (2020) in China con-
ceptualised and demonstrated a VR-based safety training system for the
training of radiologists and nurses who are fluoroscopically guided
interventional (FGI) operators in the avoidance of high radiation areas.
It was discovered that the training system enables the visualisation of
the radiation field in the FGI suite by the trainees and therefore, they
could learn to adjust their postures to minimise their exposure to radi-
ation during FGI procedures (Guo et al., 2020). Fig. 6 shows that there is
a high probability that authors or research groups from geographically
close countries are more likely to collaborate. However, such practices
may not equate to research strength, owing to the fact that expertise are
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often spread across the globe. Therefore, the essence of the “network of
collaboration diagram” depicted by Fig. 6 is to reveal current areas of
research intensity, thereby shedding light on other geographic areas
where there is limited research intensity. This can in turn inform po-
tential research collaborations between research groups in different
locations.

4.1.4. Distribution of publications per year

Fig. 7 shows the number of articles published annually on the
application of ImTs for OSH training and education in various industries.
It is observed that the number of articles published in 2021 was 19,
which was the highest number of articles published as it comprised
about 28% of the total number of relevant articles published. It is also
observed that in the period from 2012 until 2021, about 94% of the total
number of relevant articles identified in this study were published. This
means that in general, there has been an increasing interest in research
in the scope of this review since 2012, with the highest number of ar-
ticles published occurring in 2021 where 19 relevant articles were
published. As ImTs are subsets of industry 4.0 technologies, the possible
reason for this trend could be because of the introduction of industry 4.0
in 2011 during the Hannover Fair in Germany (Xu et al., 2018). How-
ever, beginning from 2016, there was a steady rise in research on ImTs
for OSH training and education which aligns with the findings of Hall
and Takahashi (2017) which revealed that 2016 saw a dawn of a third
wave of devices that utilises ImTs especially with large investments and
acquisitions of ImTs by tech giants. One of the 19 papers published in
2021 is “Practical skills training in enclosure fires: An experimental study
with cadets and firefighters using CAVE and HMD-based virtual training
simulators” (Grabowski, 2021) which focused on the training in the fire
department by comparing a VR system developed with projector and
another VR system developed with HMD for the training of firefighters
for fighting enclosure fires. The study concluded that although the two
VR systems were very useful and accepted, the VR system with HMD was
better than the VR system with projector for the training of the fire-
fighters in terms of training assessment, usability, technology accep-
tance, and spatial presence (Grabowski, 2021). Alternatively, in the
construction industry, a significant study amongst the articles published
in 2020 titled “Development of virtual reality and stereo-panoramic
environments for construction safety training” (Jeelani et al., 2020)
which focused on the integration of a virtual construction site developed
using 3D computer-aided design models of construction buildings and
stereo-panoramic construction site developed using 3D 360 degrees
videos captured from real construction sites for training on hazard
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identification. The study revealed that the immersive environment
improved hazard identification and better understanding and manage-
ment of workplace hazards of the participants which resulted in an in-
crease in training efficiency (Jeelani et al., 2020). Across work domains,
a study conducted in 2019 compared the effectiveness of immersive VR-
based safety training method to the videos presented in the PowerPoint-
based safety training method on novice workers while operating fast-
moving machines in the article titled “Comparing immersive virtual re-
ality and PowerPoint as methods for delivering safety training: Impacts on
risk perception, learning, and decision making” (Leder et al., 2019). The
study observed that the difference in the effectiveness of these two
methods of training could be due to how engaging or lively the displayed
materials are rather than the medium used for presentation (Leder et al.,
2019).

4.1.5. Distribution of publications by journal titles

Table 3 presents the distribution of the articles included from all
three databases by the titles of journals. The SLR revealed that articles
related to the application of ImTs for OSH training and education have
been published in 52 journals. However, for brevity, Table 3 only shows
the journals with two or more publications. As depicted by Table 3,
Safety Science and Advanced Engineering Informatics, are the two
journals with the most publications on the application of ImTs for OSH
training and education with 7 and 4 relevant articles respectively pub-
lished in these two journals respectively. The remaining journal titles

Table 3
Distribution of Published Papers by Journal Titles.

Number of
Publications

Journal Titles

Safety Science

Advanced Engineering Informatics

Automation in Construction

Computers and Education

Journal of the Southern African Institute of Mining and
Metallurgy

IEEE Transactions on Visualisation and Computer Graphics

Sustainability

International Journal of Engineering Education

Applied Sciences

International Journal of Mining Science and Technology

Engineering, Construction and Architectural Management

Radiation Protection Dosimetry

Fire Safety Journal

NN SN

NNNNNNNDN

—
ple]

014 o o
W
2017 =——
2018 Eee—— -
2019 ——— \O
020 e
20072 ]

2 2
1

000 | : |
O O = e vy O
O = = = o=
o O O o O o O
L N e B I Ot IO Y O | (o]
Year

Fig. 7. Distribution of publications per year.
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shown in Table 3 contain 2 articles each. Each of these aforementioned
journals have published several articles that have contributed to the
emergence and understanding of the concepts of technology-driven OSH
training and education in various industries. For instance, the article by
Dhalmahapatra et al. (2021) in the Safety Science journal evaluated the
efficiency and effectiveness of a developed immersive VR-based safety
training simulator that is used for the procedural training of electric
overhead crane operators. This proved to be effective when compared to
the conventional training methods. Overall, the distribution of publi-
cations by journals can therefore serve as a guide to researchers in
determining suitable outlets for disseminating their studies in the
domain of the application of ImTs for OSH training and education.

4.2. Content review

The conventional methods of OSH training such as reading in-
structions in a manual could be quite challenging for novices to under-
stand, especially for a complicated operation process (Jiang et al.,
2018). There are also some circumstances where conducting conven-
tional OSH training is very dangerous. In order to address the drawbacks
in the conventional OSH training, OSH training with the use of ImTs can
be beneficial due to the safe, efficient and low cost environment of ImT
technologies (Xu et al., 2018). The content review component of the
systematic review was undertaken in response to following key
questions:

e What OSH hazards have been addressed by InT-based OSH training
and education?

e What adverse OSH outcomes have been addressed by ImT-based OSH
training and education?

e In which industrial sectors have ImT-based OSH training and edu-
cation been applied and who are the target users of the training and
education?

e What are the challenges/limitations regarding the application of
ImTs for OSH training and education?

The above points informed the design of a content review structure

Safety Science 166 (2023) 106214

(illustrated graphically by Fig. 8) to guide a deductive and systematic
detailed review and information extraction from each of the papers (see
supplementary material). The synthesis of all the information was sub-
sequently used in framing the contents of the discussion in the following
sub-sections, which offer a comprehensive account of the status of
application of ImTs for OSH training and education in industries, the
related challenges, research gaps, and directions for future research.

4.2.1. Industrial sectors applying ImT-based OSH training and education

Fig. 9 shows the number of articles that have focused on the appli-
cations of ImTs across various industrial sectors. Consequently, it is
revealed that the construction sector is the industrial sector that has
been focused on the most with 25 articles focusing on the applications of
ImTs for OSH training and education in the construction industry. This
could be because the construction industry is widely known to be one of
the most dangerous to work in as data has shown that construction
workers are 3 to 4 times more likely to die from accidents at work when
compared to other industries (International Labour Organisation, 2015).

An example of a study that focused on ImT-based OSH training and
education in the construction industry is the article titled “Usability of
visualisation platform-based safety training and assessment modules for en-
gineering students and construction professionals” by Bhagwat et al. (2021)
which focused on the development of safety training modules for con-
struction professionals using VR. It was then discovered that the con-
struction professionals preferred the VR-based platforms to the
traditional methods of OSH training as it provided the opportunity of
presenting hazards in a realistic manner without exposing the pro-
fessionals to risks (Bhagwat et al., 2021).

4.2.2. Types of Occupational safety and Health hazards addressed by
immersive technologies

The prominent industrial sectors where studies on ImT-based OSH
training an education have been undertaken was also previously shown
by Fig. 9. The types of OSH hazards addressed through training and
education with the use of ImTs in various industries as revealed by this
SLR are fall (Rey-Becerra et al., 2021), fire (Maris and Fanfarova, 2017),
struck-by (Li et al., 2020), chemical (Poyade et al., 2021), and electrical

Pool of 67 articles

Detailed review &
information extraction

Industry

OSH

Hazards

Challenges

OSH
outcomes

Fig. 8. Systematic content review structure.



A. Babalola et al.

30
@ 25
825
3=
€ 5
S 20
£
& 15 12
; 9
j10 6
g
= 5
Z,

S S o S
) . Q-’J P . Q{v‘
o
@D\ v\\\\\ & 5
o Q> @ S
(/é\ : ¥ Q\Q —OS{“
h - . .’b_ <
< W &8

Safety Science 166 (2023) 106214

4 4 4 )
B -
[ | -
> > & < S
& & S 2
D =0 \.:\3 b\, r?
o & N N
Y < & o)
L
¢

Industrial sectors

Fig. 9. Distribution of articles per industrial sectors.

hazards (Zhao and Lucas, 2015) as seen in Fig. 10.

As seen in Fig. 10, fire is one of the prominent hazards that literature
has focused on in the application of ImTs for training and education.
According to Yuan et al. (2012), ImT-based training provides a cost-
effective and safe environment for firefighters to practice different
fire-fighting techniques. To address fire hazards, Maris and Fanfarova
(2017) proposed the use of simulation tools comprising of ImTs for the
training of firefighters due to the high level of risks involved in carrying
out their activities. These tools can be applied in the simulation of
emergency scenarios to enable firefighters to learn how to react quickly
and prepare for fire hazards (Maris and Fanfarova, 2017). Also
addressing fire hazards, the effectiveness of ImTs for safety training in
fire emergency situations was examined by Pedram et al. (2021), when
safety training for mine rescue brigades was conducted with the use of
VR in tackling an escalated fire incident from an underground vehicle
and also rescuing a missing miner from the fire incident. The study
revealed that the training was considered successful and recommended
for use as a complementary solution to the conventional safety training
methods in the mining industry such as classroom-based instructive
teaching and real-life drills (Pedram et al., 2021). Shiradkar et al. (2021)
focused on the knowledge retention, attention, and engagement of
workers during the fire safety and emergency evacuation training with
the use of VR. While comparing safety training method with the use of
VR with that of the slide-based method, it was discovered that partici-
pants’ long-term knowledge retention, engagement, and attention level
were better in VR-based safety training method (Shiradkar et al., 2021).
The participants found the VR-based safety training very interesting,
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Fig. 10. Distribution of publications with the OSH hazards addressed.
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resulting in better long-term knowledge retention than the slide-based
safety training method (Shiradkar et al., 2021). Similarly, the knowl-
edge acquisition, retention, and self-efficacy level of hospital workers
were evaluated during the fire safety training of the hospital workers on
decision making in an emergency situation with VR serious games and
slide-based lecture (Rahouti et al., 2021). The study revealed that the
VR-based fire safety training could be more effective than the conven-
tional PowerPoint slide-based training in improving the level of
knowledge acquired by participants on fire safety rules and the retention
level of the acquired knowledge while also improving on the level of self-
efficacy of the participants (Rahouti et al., 2021). Fathima and Aroma
(2019) proposed a VR-based training system for the fire safety training
on the operation steps of fire extinguishers which involves pass, aim,
squeeze and sweep (PASS). Fathima and Aroma (2019) are of the view
that the training of people on fire safety drills encompassing PASS
techniques will not only be effective in knowledge transfer but it will
also immensely save time and resources.

Alternatively, to address the risk of getting struck by a suspended
load or a moving equipment in a precast/prestressed concrete industry,
Joshi et al. (2021) developed a VR safety training module for the safety
training of construction workers. Joshi et al. (2021) then compared the
developed VR safety training module to the conventional video-based
training method and discovered that the trainees gained more knowl-
edge on safety protocols in the precast/prestressed concrete industry
and had higher motivation as the use of the VR safety training module
was more engaging than the video safety training method. Dado et al.
(2018) investigated the use of VR simulator for safety training of engi-
neering students on the identification of potential hazards during lathe
operation such as being struck by a heavy workpiece which could crush
feet or fingers. After comparing the outcome of the VR simulator-based
safety training with that of in-class lectures based on PowerPoint slide
presentations, Dado et al. (2018) discovered that the engineering stu-
dents who received VR simulator-based safety training did not identify
fewer hazards than those who received lecture-based safety training.
This indicated the potential of VR as an alternative to the traditional
safety training method (Dado et al., 2018). A similar study also
compared the effectiveness of VR for safety training with that of an
instructional video but focused on addressing the circumstances around
getting struck by falling rocks in the mining industry (Liang et al., 2019).
To accomplish this, Liang et al. (2019) then developed and evaluated the
possible effectiveness of a VR-based serious game for interactive safety
training of novice miners and discovered that the VR-based serious game
was appealing and memorable to the novice miners and therefore
brought about a better training results than the video safety training
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method.

In another related study, an immersive and interactive multi-player
VR-based safety training platform was developed for the training of
construction workers in order to prevent fatalities caused by being hit by
moving machineries or objects on construction sites (Xu and Zheng,
2021). It was concluded from the results of the study that VR is a useful
educational tool and an alternative to conventional safety training
methods due to the immersive experience it provides for trainees and its
ability to allow trainees visualise hazardous situations without the risk
of getting hurt (Xu and Zheng, 2021). Furthermore, a study on a VR-
based training programme for the teleoperation of a demolition robot
in the construction industry was carried out to understand the effec-
tiveness of VR technology in teaching construction workers how to
ensure safety in the working environment (Adami et al., 2021). The VR-
based training programme was applied in teaching the demolition robot
operators on how to maintain a safe distance while operating the robot
to avoid being struck by the robot (Adami et al., 2021). The study then
revealed that the VR-based safety training resulted in a significant in-
crease in knowledge acquisition, operational skills, and safety behaviour
of the operators especially when compared to in-person training with the
robot itself (Adami et al., 2021).

The OSH hazards shown in Fig. 10 might have been focused on by the
academic literature possibly because of the statistics of these hazards in
various industries. For example, according to Occupational Safety and
Health Administration (2022), fall is the leading cause of death in the
construction industry, with 351 deaths of the 1,008 deaths caused by fall
occurring in the construction industry. The data in the report by Health
and Safety Executive (2022b) shows that struck-by and falls from height
are among the leading causes of injuries in the manufacturing industry.

4.2.3. Types of Occupational safety and Health outcomes addressed by
immersive technologies

As shown in Fig. 11, some of the OSH outcomes addressed by ImTs in
literature are fatality, illness, and injury. The different types of OSH
hazards can impact the safety, health, and wellbeing of workers in
different ways in various industries and this study has focused on the
different ways ImTs can be used in addressing the various OSH outcomes
through training and education. An example is the use of a mobile VR
tool to train aircraft passengers in order to prevent fatality in the case of
an emergency. The mobile VR tool used for training participants on
aviation safety in a study by Chittaro et al (Chittaro, 2018) was
compared with the traditional safety briefing card commonly used by
airlines for the safety training of passengers on the use of aviation life
preserver. Chittaro et al. (Chittaro, 2018) then discovered that the
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mobile VR tool was more engaging than the safety briefing card as the
participants understood the instructions better while using the VR tool
and they were able to don the life preserver faster with fewer errors
while following guidance of the VR tool in comparison to the safety
briefing card. Similarly, an HMD-based immersive game was proposed
for the aviation safety education of passengers on how to survive a
serious aircraft emergency (Chittaro and Buttussi, 2015). Compared to
the safety card, the immersive VR setup was more engaging and fear-
arousing than the safety card method and the users of the VR setup
acquired more knowledge that was maintained after one week, unlike
the knowledge loss from users of the safety card (Chittaro and Buttussi,
2015). Another way of preventing fatality with the use of ImTs for safety
training is the use of a developed multi-level VR-based training system
for the safety training of workers on safety awareness in order to prevent
fatalities arising from being struck by the movement of heavy equipment
on construction sites such as excavator in a study reported by Xu and
Zheng (2021). Based on the outcome of the study, it was concluded that
VR can be very useful as an educational tool and it can also be a suitable
replacement for conventional safety training methods especially as the
trainees were impressed with the ability of the VR-based system to
visualise hazardous scenarios without posing any form of risk to the
trainees (Xu and Zheng, 2021).

Guo et al. (2020) conceptualised and demonstrated VR-based radi-
ation safety training system with the aim of providing radiologists and
nurses safety training on FGI procedures in order to reduce the risk of
getting cancer by the FGI operators. It was then observed that the VR-
based radiation safety training system could effectively train FGI oper-
ators on how to avoid high radiation areas or adjust their postures to
minimise their exposure to radiation during FGI procedure (Guo et al.,
2020). Another closely related study explored the effectiveness of an
immersive VR simulation on the training of health personnel on hand
hygiene, nasopharyngeal swab taking, and proper donning/doffing of
PPEs to prevent Covid-19 (Birrenbach et al., 2021). There was, however,
no significant difference in the effectiveness of VR simulation on trainees
on hand disinfection and the donning/doffing of PPEs while there was
improvement in nasopharyngeal swab taking after undergoing training
with VR simulation when compared with the traditional printed in-
structions and local instructions video on Covid-19 related skills (Bir-
renbach et al., 2021).

Safety training given via immersive VR was compared with the safety
training conducted via PowerPoint presentation in their effects on risk
perception and decision making in order to avoid injuries while using a
pillar power drill (Leder et al., 2019). It was noticed that although the
VR condition did not increase knowledge retention, it slightly increased
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the ability to identify hazards in a pillar power drill while the decision
making of users of the VR-based system was less risk-averse than the
decision making of others (Leder et al., 2019).

4.2.4. Challenges involved in application of immersive technologies for OSH
training and education

Owing to the ability of ImTs to transfer knowledge without neces-
sarily exposing participants to real-life operational hazards, ImTs have
the potential to revolutionise OSH training and education in various
industries. However, just as it is with every technology or initiative,
some challenges associated with ImTs have been raised by different
studies, of which the notable ones are discussed here.

The current HMDs for consumer use are not designed for prolonged
usage for educational settings but are rather designed for entertainment
and media consumption and so it is not possible to use ImTs for long
duration training and education (Renganayagalu et al., 2021). ImTs
have had very limited use for training and education purposes as its
incorporation as a teaching technology is recent (Rodriguez-Abad et al.,
2021). Furthermore, ImTs could be seen to be unsuitable for training and
education purposes due to the different learning styles of trainees,
gaming competencies and disabilities while gameplay could also be a
form of distraction to trainees rendering it ineffective for learning
(Udeozor et al., 2021). Furthermore, the development of ImT simula-
tions is time consuming, expensive (Le, 2015; Renganayagalu et al.,
2021) and it requires a lot of computing power (Adami et al., 2021) and
there is lack of available expertise for the development of ImT-based
interactive contents (Rodriguez-Abad et al., 2021). Besides, the use of
HMDs for a long time could cause simulation sickness with symptoms
such as dizziness, headache, and nausea (Dado, 2018; Xu, 2018).

Another challenge has to do with the difficulty in identifying how
trainees will react in case of a real emergency in order to measure
knowledge transfer after training. Even though trainees can visualise
and practice fire safety procedures in a risk-free virtual environment, it
is difficult to ascertain their reactions in actual emergencies (Shiradkar
et al., 2021) as for instance, it is not feasible to have emergency situa-
tions such as real fire to assess the effectiveness of the training sessions
(Saghafian et al., 2020).

It has also been observed that users of ImTs usually face difficulties in
the handling of devices such as difficulty in the adjusting of glasses,
instability in the images projected onto the screen, the need to keep their
head still and many more (Rodriguez-Abad et al., 2021). Users of ImTs
could become so used to the virtual world while using HMDs during
training sessions that they forget the real world (Liang et al., 2019). It
has also been observed that poor image quality can be a challenge to the
use of ImTs for OSH training and education as participants could see
individual pixels on the display of HMDs (Eiris et al., 2020). The visu-
alisation method used by ImTs which involves amplifying sections of
images within a virtual environment leads to lower image quality since
the projected areas are displayed at higher resolution with lower pixel
densities (Eiris et al., 2020). Moreover, the maximum display brightness
might be insufficient for users to effectively see virtual objects in a
brightly luminated environment especially due to see-through displays
used in HMDs such as Microsoft HoloLens (Rauh et al., 2021). Another
challenge is the lack of effective communication methods between
trainers and trainees immersed in a virtual environment which is
necessary as trainers need to fully understand the difficulties trainees
experience during the use of ImTs and provide solutions to such diffi-
culties with the appropriate hardware and/or software tools.

5. Conclusions

This study conducted a comprehensive SLR on the applications of
ImTs for OSH training and education. The SLR covered bibliometric
analysis and content review of 67 articles related to the applications of
ImTs for OSH training and education. Among other things, the biblio-
metric analysis revealed a year-on-year growth in research publications
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since 2016, and therefore signifying a trend of growing research in-
tensity in the subject of ImT-based OSH training and education. Also,
geographic locations with high research intensity in the subject include
USA, UK, China, and Canada, while there is generally relatively low
research intensity in the subject in locations such as countries in Africa
and the Middle East. The content review interrogated: the industrial
context of application of ImTs for OSH training and education; the OSH
hazards addressed; the OSH outcomes addressed; and the challenges in
relation to ImTs for OSH training and education. The content review
revealed that various studies have been conducted on the applications of
ImTs for OSH training and education in various industries such as the
mining industry, construction industry, healthcare sector and others,
however, the industry with the highest research intensity is the con-
struction industry, and this could be attributable to the construction
industry’s unenviable reputation of being one of the most dangerous
industries globally. Regarding OSH hazards addressed, the review
showed that while studies have focused on the applications of ImTs-
based OSH training and education in addressing different OSH hazards
such as fire, chemical, fall and water hazards, there has been a greater
focus on fire, struck-by and fall. The content review also revealed that
ImTs can be used for the OSH training and education of workers in order
to prevent or minimise the risks of workers experiencing adverse OSH
outcomes such as injuries, illnesses and fatalities. It has been revealed
from the literature that generally, application of ImTs has had a positive
effect on OSH training and education.

Various studies concluded that ImTs have great potential to be
effective for OSH training and education and it can therefore be used to
complement or replace traditional OSH training and education methods.
In spite of the utility of ImTs for OSH training, there are also some
drawbacks some of which include the long duration and expensive cost
it takes for the development and the implementation of ImTs for OSH
training and education, the feeling of dizziness, nausea and headache by
users of HMDs and also the difficulty in the handling of devices used for
the implementation of ImTs by users.

6. Gaps in existing body of knowledge

Some limitations to the studies conducted on the applications of ImTs
for OSH training and education were observed. A common limitation
observed in various studies was the sample size as studies were con-
ducted with relatively small sample size (e.g. Dado et al., 2018; Bhagwat
et al.,, 2021; Joshi et al., 2021). Moreover, the large difference in the
number of males and females participating in training sessions would
make it difficult to investigate the gender differences in the evaluation of
ImT-based training (Saghafian et al., 2020). In addition, most of the
papers focused on training to address occupational safety with very few
looking at workplace illnesses. Another limitation is the one day
completion time pressure of the training sessions which resulted in short
surveys and very limited time for interviews (Saghafian et al., 2020).
Although, it is likely that the effects of training will persist through the
continuous training of learned concepts, the long-term impacts of the
safety training sessions with the use of ImTs is not evaluated (Jeelani
et al., 2020). In addition, some studies on the use of ImTs for safety
training were conducted on students (as test subjects) with a likelihood
of variation of results when conducting training sessions on workers/
industry practitioners (Eiris, 2020; Jeelani et al., 2020)(). The study
participants on aviation safety training had little to no experience
travelling by aircraft and therefore were not exposed to safety brief cards
or demonstrations from flight attendants (Chittaro, 2018).

There has also been no study that focused on comparing the effec-
tiveness of ImTs for safety training in the mining industry on college
students, teachers, and industry practitioners such as miners. There has
also been no study that focused on comparing the effectiveness of VR,
AR, and MR on safety training in various industries such as the trans-
portation sector or manufacturing industry. Finally, the conventional
methods used to test the performance of ImTs such as questionnaires
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could have its shortcomings as trainees might not always fill in the
correct answers. Moreover, there has been limited focus on occupational
health training with ImTs. There has also been limited focus on the
applications of ImTs for OSH training in some industries such as agri-
culture although OSH from several countries (e.g. UK and USA) shows
that the agricultural sector is a high-risk sector accounting for high
number of fatalities and injuries (Health and Safety Executive, 2021; U.
S. Department of Labors, 2021).

7. Future research considerations for ImTs on OSH training and
education in the industry

e It is also recommended that research should be conducted to
compare the effectiveness of ImTs for safety training in the mining
industry on college students, teachers, and industry practitioners
such as miners. Further research could also be conducted to compare
the effectiveness of VR, AR, and MR on safety training in the various
industries such as in the transportation sector or fire department.
Future research could focus on developing tools for substituting the
conventional methods of the performance evaluation of ImTs such as
questionnaires. These alternative tools could include other industry
4.0 technologies such as internet of things and machine learning
algorithms and compare the effectiveness of the use of these devel-
oped performance assessment tools with that of the use of
questionnaires.

Further work should be done to investigate the causes of simulation
sickness involved with the use of ImTs and proffer possible ways to
eradicate or reduce simulation sickness. Moreover, larger sample
sizes could be used to increase the effect of the study and the
development of a possible solution to simulation sickness, especially
as the sample sizes has also been a common limitation observed in
literature.

It is also recommended that an investigation should be conducted on
how to develop effective communication methods between trainers
and trainees immersed in a virtual environment in order for trainers
to fully understand the difficulties trainees experience and provide
solutions to such difficulties with the appropriate hardware and/or
software tools.

More research could focus on applying ImTs for training to address
occupational health hazards. In addition, more research could focus
on applying ImTs for training to address prevalent OSH hazards and
outcomes in the industrial sectors that have been identified to have
limited research such as the agricultural sector.
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