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ABSTRACT

The significance and extraordinary effectiveness of using VR technology into health, safety, and environment (HSE) education are
highlighted. It addresses the many benefits that VR has to offer, especially when it comes to fire exit training, by giving students
engaging, involving, and profound learning experiences. The research highlights the seamless incorporation of VR into Health,
Safety and Environment (HSE) courses, where VR simulations serve as important tools for teaching crucial evacuation tactics and
encouraging students' in-depth understanding and preparedness for actual fire emergencies. This study investigates students'
responses regarding their understanding in one of the HSE subject following the implementation of VR technology. Valuable
student feedback has been gathered through comprehensive surveys, enabling a continuous process of improvement and
refinement for the HSE program. Overall, this research stands as a compelling testament to the profound impact of VR in
optimizing learning outcomes and fostering a heightened sense of safety awareness in professional environments.
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1. Introduction

Public health is severely concerned about workplace mishaps, especially in light of the market's
rising demand for new employees. Young or inexperienced workers are more vulnerable to
occupational injuries compared to experienced workers. According to statistics, Malaysia suffers
from astounding 14,000 illnesses and injuries each year, costing employers RM4 billion in medical
expenses [1]. Unsafe behaviors led to economic impacts and safety training should be enhanced to
prevent human accidents and property disasters [2].However, traditional methods for safety
training such as safety manuals, videos, in person or online lectures, drills and replicating the real
occupational safety in real world would be time, cost and safety constraints [3,4].
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The International Labour Organization (ILO), which promotes the incorporation of OSH
information in training and education programs, recognizes the significance of occupational safety
and health (OSH). OSH training consists of systematic initiatives designed to enhance the
development of OSH-related skills. According to research findings by Blume et al., [5], it can be
challenging for employees to integrate the knowledge and the abilities they have learned during
their training into their professional environments. This underscores the notion that the mere
dissemination of knowledge does not guarantee the transfer of training or the effective application
of taught concepts. Consequently, it is important for the construction industry to acknowledge and
implement training transfer components.

In order to maximize the learning experience in OSH, virtual reality (VR) method is introduced to
implement effective learning strategies. Shamsudin et al.,, [1] agree that virtual reality training
offers a unique learning experience by immersing trainees in simulated scenarios that may pose
risks or challenges if replicated in reality. This innovative technology was designed to integrate five
short films, engaging multiple senses, including visionary, hearing, olfaction and haptic [6], that
brings notable advantages, particularly in hazardous and complex industrial settings, as it creates a
safe and controlled training environment. By effectively bridging the gap between theoretical
training and practical applications, VR enhances hands-on learning opportunities and engagement.
A greater awareness of potential hazards is made possible by the use of mobile VR technology,
which enables the production of vivid simulations of building sites. The use of this technology
enables learners to actively interact with and experience a variety of hazardous situations [7].
Mobile VR develops a greater awareness of potential dangers by offering an immersive, hands-on
learning environment that closely resembles real-life situations.

Moreover, VR training plays a valuable role in fostering the acquisition of essential construction
safety skills. In article by Sacks et al., [8], immersing trainees in a controlled virtual environment
allows them to actively engage in activities such as identifying hazards, making decisions in high-
pressure situations, and applying appropriate safety protocols. This immersive and interactive
training experience enables the development and improvement of skills while instilling confidence
in effectively addressing safety challenges encountered on actual on sites.

1.1 The Utilization of VR in HSE

The focus of this research is the implementation of Health, Safety, and Environment (HSE)
practices in fire exit training. By integrating VR technology, fire escape training programs can be
greatly improved, providing an effective and valuable training tool as illustrated in Figure 1. VR
enables individuals to engage in realistic simulations of fire emergencies, allowing them to practice
essential skills such as identifying fire exit signs, following emergency evacuation procedures, and
executing safe evacuation strategies within a virtual environment. This immersive and interactive
training method not only enhances participants' under-standing and preparedness for real-life fire
emergencies but also increases their engagement. Additionally, VR has been adopted immersive
and non-immersive version that can simulate various scenarios in different types of disasters,
allowing for the assessment of decision-making abilities and the effectiveness of evacuation
strategies [9]. This extensive utilization of VR in fire escape training programs enhances the overall
learning experience, delivering a more comprehensive and efficient approach to training.

In the implementation of VR for fire escape training, VR training presents significant benefits in
terms of cost and time efficiency. In contrast to traditional training approaches that necessitate
physical mock-up sites or equipment, Wang and Lai [10] investigate that mobile VR training offers
substantial cost savings. Additionally, it grants trainees the flexibility to access training materials
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whenever needed, enabling self-paced learning and convenience. As a result, valuable time is
saved, maximizing efficiency in the training process.
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Fig. 1. VR utilization for HSE purpose

VR technology offers special benefits for HSE education and training by immersing students in
realistic environments without actual risks, allowing them to hone their abilities in a secure
environment before adopting these skills to practical scenarios. According to Checa and Bustillo
[11], technological developments and easily accessible devices and software are the reason for the
growing interest in VR for HSE training. The potential of VR to improve HSE teaching and learning is
favored to increase as the technology develops. The advancement of VR technology from desktop
to mobile, giving better immersion and interaction capabilities, is also highlighted by studies by
Wang et al., [12]. The benefits of this development have been seen in a number of areas, including
structural analysis, equipment operation, health and safety in construction, and architecture.
Similar to this, Seo et al., [13] illustrate the benefits of VR-based safety education by offering a
realistic way to learn through hazards and accident simulations. In comparison to conventional
lecture-based methods, VR's interactive nature fosters experiential learning and improves memory
retention. All of these results highlight the potential of VR in HSE teaching and training, providing a
safe and interesting method to instruct workers in hazardous circumstances and improve safety
knowledge and behaviors.

1.1.1 The Utilization of VR in different applications related to HSE

The substantial opportunity of VR technology to improve HSE training across industries is
highlighted by research findings from Patrdo and Menezes [14]. The study includes an outstanding
VR simulator that imitates real-world situations and functions as an important training tool for HSE
programs. Workers can better prepare for dangerous scenarios within a controlled virtual
environment by expanding the simulator's depth and enhancing its graphical and sensory realism,
learning important skills applicable to real-life conditions. In a related context, Lovreglio et al., [15]
compares the efficiency of a YouTube video with a VR simulation for fire extinguisher training. The
study shows that VR training improves the video-based method, resulting in better learning
acquisition and retention. This benefit becomes more obvious after three to four weeks,
demonstrating how the immersive quality of VR simulations helps promotes assurance in using fire
extinguisher techniques, thus enhancing work-place safety.

Relatedly, Xue et al., [16] explores the retail industry and looks at how VR technology might
improve safety procedures too. The study highlights how important it is to combine the benefits of
both online and offline buying through VR shopping experiences, enabling merchants to offer
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clients customized precautionary guidance and follow-up assistance. Retailers may efficiently
express safety rules and foster a secure shopping environment by prioritising safety in VR shopping
environments. This will improve overall safety standards in the retail business. VR has the ability to
transform HSE training in other industries, as has been demonstrated both Patrdo and Menezes
[14] and Lovreglio et al., [15], and its use in retail businesses has the potential to not only promote
safety but also boost consumer experiences and satisfaction with products.

VR is a flexible technology with many uses for improving training and safety in a variety of
sectors. It provides realistic simulations for HSE teaching and learning, especially for risky
circumstances like working at height, and efficiently addresses acrophobia and psycho-physiological
symptoms connected to height exposure [17]. Besides, VR has established its utilization towards
medical purposes as illustrated in Figure 2. With greater hands-on practice for operations like
venepunctures, Agazio et al., [18] mentioned that VR training simulators have transformed medical
professional training. An accurate and engaging environment, haptic feedback, repetitive practice,
and a secure learning environment are all advantages of VR. It allows for practical and interactive
instruction, allowing students to learn from difficult situations that would be impossible to
reproduce in the real world due to ethical, financial, and logistical considerations [19]. VR training is
useful for emergency evacuation and fire safety in a variety of sectors, despite the initial
development expenditures.

In line with Lovreglio et al., [15], a promising tackle is offered by VR technology, which allows for
continual training without putting users in danger. Addition of education games in the VR
technology makes more interactive contents and promotes more engaging learning [4]. Given its
accurate programs, advanced learning outcomes, and optimized security practices, VR has a lot of
potential to improve HSE training across industries.

Fig. 2. VR UtiIizatioAn in medical training
2. Methodology

The educator offers comprehensive training and support in utilizing VR as a digital tool for
learning activities. Through these activities, students are able to develop and apply the learning
model taught to them. Furthermore, detailed questionnaires were administered to students to
gather feedback and evaluation data. The recommended actions for implementing the activities are
elaborated in Sub Section 2.1 until 2.5.

2.1 Preparation of VR HSE Module (Fire Exit Training) by the Developer

The developer's task involves preparing the VR HSE module for Fire Exit Training. During this
stage, the primary goal is to identify appropriate materials, encompassing various activity aspects,
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specific details, and corresponding grading criteria. To facilitate the activities effectively, students
were instructed to form groups consisting of 4 to 5 members. The determination of material
requirements is a collaborative process, involving input and contributions from the activity
proponents.

2.2 Dissemination of Information and Instructions to the Students

The educator in charge provided a video that showcases the steps involved in using VR for HSE
purposes. This video serves as a preview for students as shown in Figure 3, offering them an
understanding of what to anticipate during the learning activities, particularly when engaging in fire
exit training using VR for the first time. Through this immersive experience, students are able to
assume the role of a character and explore a realistic environment, simulating a visit to an oil rig
and providing them with the opportunity to practice fire escape scenarios within the time given.

v VR for HSE

virtual reality (VR) Is a simulated experience that employs pose tracking and 3D near-eye displays te give the use

an immersive feel of a virtual world. In Health, Safety, Security and Environment (HSSE), students will have the

ats you dive Into a

Venue : Seminar Room 2, CETalL
Time : Monday (4 -6 PM)

Session A (4 - 4.40 PM)
Session B (4.40 - 5.20 PM)
Session C (5.20-6 PM)

Retfer to the link below for your VR session

Fig. 3. VR instruction video posted on students’ learning portal, ULearn
2.3 Implementation of Activities during Class

Students were provided with the chance to engage in fire exit training as can be seen in Figure
4, where they simultaneously received an immersive and innovative educational experience
through the use of VR. By simulating and navigating real-life fire exit situations within a secure and
regulated virtual environment, students had the opportunity to refine and practice their evacuation
skills.

During the activity, the students enthusiastically participated in the VR simulation, immersing
themselves in the challenges and decision-making processes associated with fire evacuation. They
gained a comprehensive understanding of the importance of following proper fire safety measures
and recognized the critical role that timely and effective evacuation played.
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Students' understanding of fire safety protocols was strengthened by incorporating VR into fire
exit training, which also created a sense of authenticity and active participation. Students gained a
thorough awareness of the possible risks and the urgency involved with fire crises by fully
immersing themselves in a virtual world.

Fig. 4. Students' learning activities using VR for Fire Exit Training
2.4 Summative Assessment — Creating Poster Incorporating the VR Elements

Students were required to design a poster that included the VR component utilized in fire exit
training as part of the summative assessment. The goal of the poster was to graphically convey the
immersive quality of the VR experience while emphasizing the importance and advantages of using
VR to improve evacuation skills. Students were urged to create eye-catching posters using
interesting graphics, photos, and text.

In order to illustrate the difficulties and decision-making processes associated with fire
evacuation, students were encouraged to incorporate relevant and captivating graphics in their
posters. Students could display scenes from the VR simulation that showed how they handled
realistic fire exit circumstances and honed evacuation procedures. Students were also urged to
include supporting figures or facts to highlight the significance of adhering to the right fire safety
procedures and the essential relevance of prompt and efficient evacuation. From this activity,
students showcased their creativity and communication abilities while demonstrating their
understanding of the VR component of fire exit training through this assignment.

2.5 Getting Student’s Feedback using a Questionnaire

A questionnaire was effectively used to obtain input from the students and to compile their
ideas and viewpoints. This questionnaire was designed to gather information about respondents’
opinions and experiences with the VR fire escape training exercise. The questionnaire was
composed up of several comprehensive inquiries intended to elicit detailed input. The degree to
which they felt the VR experience to be immersive and engaging was one of the general
impressions that students were asked to provide. Additionally, they were urged to discuss any
difficulties they had with the simulation and their opinions of the decision-making procedures
involved in a fire evacuation.

Students were prompted to assess the efficiency of VR technology in improvement of their
educational experience and its contribution to a greater grasp of fire safety procedures through the
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use of a questionnaire. This made it possible to gather insightful input and facilitate a thorough
assessment of the VR fire exit training session. As a result of the insights gained from the students'
comments, the training program was refined and improved, guaranteeing that future students
would gain from the learning experience.

3. Finding and Discussion

In class activities, groups of students have actively engaged in forming teams of 4 to 5 members
with the objective of selecting a case study related to accidents reported in various industries in
Malaysia. The purpose of this activity is to analyze the chosen case study and propose potential
implementations of VR technology to mitigate or prevent similar accidents, ultimately minimizing
their consequences.

Feedback regarding the utilization of VR in learning and teaching, particularly in the context of
HSE was gathered through questionnaires completed by students from various courses as listed in
Figure 5. The questionnaires included 14 specific questions related to the use of VR in HSE. The
educator in charge provided a video that showcases the steps involved in using VR for HSE
purposes.

Bachelor of Science (Hons) in Applied Chemistry [N
Bachelor of Information Technology (Hons) [
Bachelor of Information Systems (Hons) [N
Bachelor of Electrical and Electronics Engineering [N
Bachelor of Computer Science (Hons) [N
Bachelor of Computer Engineering with Honours [ " Total
Bachelor of Civil Engineering with Honours [l
Bachelor of Chemical Engineering with Honours [ e
Bachelor in Mechanical Engineering with Honours I
Bachelor in Business Management [
0 5 10 15 20 25 30

Fig. 5. Number of students from different courses

Figure 6 demonstrates that 116 students have engaged in the walkthrough session, which
familiarizes them with the key locations on the oil rig before undertaking the fire evacuation
activity, while 18 students have not participated. These findings suggest a noteworthy level of
interest and preparedness among the majority of students, indicating their commitment to
understanding the topic and acquiring the essential materials before commencing the activity.
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Have you played the walkthrough session that explains about the key locations of the oil rig
before starting the fire evacuation activity?
140
120 116
100
80
60
40
18
20
. ]
No Yes

Fig. 6. Students played walkthrough session that explaining the key locations of the oil rig before
starting the fire evacuation activity

During the lesson, it was observed that a significant proportion of students found the game to
be easy as illustrated in Figure 8, and this can be attributed to the clarity of the instructions. This
finding is supported by Figure 7, which indicates that 105 students considered the directions to be
extremely clear.

Virtual reality (VR) technology provides numerous benefits, especially in hazardous and complex
industrial environments, as it offers a secure and controlled training environment. By effectively
bridging the gap between theoretical instruction and real-world applications, VR enhances
opportunities for hands-on learning and promotes higher levels of engagement.

How clear were the instructions for the VR sessions?

120

105
100

80

60

40
24

20

4
0 - —

Neutral Not clear at all Somewhat clear Very clear

Fig. 7. The comprehensibility of the instructions provided for the virtual reality (VR) sessions
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What difficulty of the game did you and/or your group choose throughout your
session?

m Easy;

® Easy;Hard;

= Easy;Hard;Medium;
® Easy;Medium;

= Easy;Medium;Hard;
= Hard;

EE— ® Hard;Medium;
m Hard;Medium;Easy;
| = Medium;
m Medium;Easy;
= Medium;Easy;Hard;

= Medium;Hard;Easy;

Fig. 8. The difficulty of the game throughout the sessions

In Figure 9, it can be observed that students made fewer game attempts during the session,
indicating their successful completion of the game in fewer attempts. This suggests that the
students likely had a clear understanding of how the game functioned, attributed to clear
instructions and the user-friendly nature of the tool.

How many game attempts have you and/or your group made throughout
your session
=0 =1
=2 =3
u4 m4-5
m5 m6
n7

Fig. 9. Number of attempt each group made throughout the sessions

This assertion is supported by Figure 10, where the majority of groups completed the VR session
within the estimated time.
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How long did you and/or your group take to complete the VR
session?

= Around the estimated
time

m Less than the
estimated time

= More than the
estimated time

Fig. 10. The duration for groups to complete the VR session

From Figure 11 to 13 clearly demonstrated the success of the VR session in enhancing their
understanding of the HSE subject. By simulating a fire hazard scenario, students were agreed that
they were able to gain a clear comprehension of the necessary steps to take during a fire
emergency on an oil rig.

Did the VR session improve your understanding of
the HSE subject?

= Somewhat

= Yes

Fig. 11. The level of understanding of HSE subject after VR session

I am able to virtually experience the fire evacuation procedure in an oil rig
Strongly Disagree

Neutral
M Total

Disagree

I
Strongly Agree I
]
|
|

Agree

0 10 20 30 40 50 60 70

Fig. 12. Students experience the fire evacuation procedure in an oil rig using VR

10
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| am able to learn about some key locations in an oil rig

Strongly Disagree [N
strongly Agree [
Neutral [ = Total
Disagree ||
Agree N

0 10 20 30 40 50 60

Fig. 13. The ability for students to identify key location in an oil rig using VR

By incorporating VR technology, Figure 14 proofs that students have been able to actively
participate in navigating evacuation routes during fire hazards on an oil rig, providing an immersive
and interactive training experience that enhances their understanding and awareness of real-life
incidents in such environments. This experience contributes to the development and improvement
of their skills, instilling confidence in effectively addressing safety challenges that may arise during
on-site situations.

I am able to identify some of the fire hazards in
an oil rig

Strongly Disagree

Neutral
M Total

Disagree

[
Strongly Agree  [IE——
I
I
|

Agree

o
[EnY
o
N
o
w
o
o
o
vl
o

60

Fig. 14. The ability of students to identify fire hazards in an oil rig using VR

According to the findings in Figure 15, it is obvious that students find the use of VR as a teaching
tool to be innovative and engaging. VR's ability to simulate various scenarios allows for the
evaluation of decision-making skills and the effectiveness of evacuation plans. The extensive
integration of VR into fire escape training programs enhances the overall learning experience,
providing a comprehensive and effective instructional approach. Additionally, the adoption of VR
technology facilitates students' understanding of the learning process. In line with the user-friendly
controls and accessibility of the VR game further enhance students' learning experiences which an
intuitive and responsive tool is essential for optimal engagement and comprehension as specified in
Figure 16.

11
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Is the VR session interesting and unique?
Strongly Disagree -
strongly Agree [N
Neutral
- H Total
Dlsagree I
rgree
0 20 40 60 80 100
Fig. 15. The student’s opinion of VR session
The game controls are intuitive and responsive
Strongly Disagree -
strongly Agree - [
Neutral |
M Total
Dlsagree .
reree
0 10 20 30 40 50 60 70

Fig. 16. The intuitively and responsively of the game

The VR session was characterized by fewer technical difficulties, enhancing the ease and fluidity
of learning for participants. With no interruptions or technical issues, students could fully engage
with the VR content and focus on the learning objectives. This positive experience with minimal
technological challenges increases the likelihood of students choosing VR gain for educational
purposes in the future, as proven in Figure 17.

Due to its captivating and immersive qualities, as well as its capability to replicate real-life
situations, VR possesses significant potential as an educational tool. As a result of their positive
encounters, Figure 19 shows that most of the students are inclined to share their experiences with
others, thereby acknowledging the value and effectiveness of VR for learning purposes. Figure 18
reveals that majority of the students would recommend VR to others as a tool for learning due for
learning purposes.

12
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Did you experience any technical issues during the VR
session?

= No

u Yes

Fig. 17. Technical issue during VR session

How likely are you to use VR again for your learning?

= Neutral

= Somewhat
likely

= Somewhat
unlikely

\ = Very likely

Fig. 18. The likeliness to use VR again for learning

How likely are you to recommend the VR session to
others?

= Neutral

= Somewhat
likely

= Somewhat
unlikely

= Very likely

Fig. 19. The likeliness to recommend the VR session to others

13
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4. Conclusions

In conclusion, research has shown that the use of virtual reality (VR) technology in learning and
teaching, particularly in the field of health, safety, and the environment (HSE), has been successful
and promising. Virtual reality (VR) has actively engaged students while also boosting their
understanding of real-life situations and safety standards in a variety of classroom activities, such as
case study analysis and walkthrough sessions. The VR application's importance in fostering
successful learning experiences is shown by the good response from students, who emphasized the
clarity of the instructions and the user-friendliness of the VR program.

VR technology offers a secure and controlled training environment that has proven beneficial in
hazardous and complex industrial settings. By simulating various scenarios, VR enhances fire escape
training programs by evaluating decision-making abilities and assessing evacuation strategies. The
positive experiences and improved understanding of HSE subjects reported by students
demonstrate the effectiveness of VR in enhancing knowledge and skill development. In conclusion,
effective VR classroom integration improves student engagement, comprehension, and readiness in
HSE. In a secure and regulated setting, VR provides students with a thorough and effective method
of learning while preparing them for obstacles in the real world.
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