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Abstract: The current safety education and training system has a number of problems, namely
that the actual risks in the field are not reflected and that workers cannot be engaged in safety
education. Therefore, we conducted a study to build a VR-based safety education system that
reflects the problems actually occurring in the field. The risk points of the electrical construction sites
were derived through in-depth interviews with various stakeholders such as field workers, safety
managers, and management. A risk scenario was also constructed by analyzing the causes and effects
of existing accident cases. A safety education system was constructed to which the established risk
scenario was applied. In the virtual construction site, the site’s own model, safety equipment, and
members were implemented in a 3D model to form a virtual reality environment. This environment is
intended to provide an educational environment wherein workers can immerse themselves in safety,
specifically because this VR-based environment can induce active participation by providing safety
information through various experiences. In addition, in this study, a VR-based safety education
system that reflects the field conditions was designed to prepare basic data for the modernization
and activation of safety education.

Keywords: safety education; virtual reality (VR); safety engagement; safety awareness; experiential
education

1. Introduction

To prevent the occurrence of industrial accidents and increase the efficiency of safety
management within an organization, there is increasing emphasis on engagement with
safety, such as by improving the safety awareness of members and establishing a safety
management system that is suitable for the organization’s specific situation [1-3]. In
particular, there is an increasing demand from companies and society for the development
of education to encourage safety behaviors and focus on safety by reducing human error
on the part of workers to improve site safety [4,5]. Safety education should include not
only theoretical education but also experiential education that reflects the actual dangers
of the field, such as training in evacuation and the proper initial response in the event of
an accident.

Previous studies have confirmed that engagement was more effective in experience-
oriented education than in theory-oriented instruction delivered through documents and
audio-visual materials [6-9]. However, it is very difficult to directly implement the situation
in such a way that workers who are being trained can experience the actual accident site; it
is challenging to conduct experiential education to prepare for and respond to accidents.
In addition, workers may be exposed to physical dangers during these experiential train-
ing courses [9-11]. Safety education and training using virtual reality (VR) has recently
attracted attention as a possible way to counter the aforementioned problems.

Virtual reality means a specific environment or situation, or the technology itself,
which is similar to the reality created by artificial technology using computers, etc. but
is not real. VR-based education can device a workplace environment or situation that is
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highly similar to the actual one. VR implementations that are similar to the real world can
reflect direct risks in the industrial field. Furthermore, these can maximize the learning-flow
of workers by allowing them to partake in experiential education in a VR-based environ-
ment. For example, VR can be used to implement various industrial accident situations
such as electric shock, jamming, and falling, without being restricted by time and space;
drills reflecting these dangerous situations can be safely and repeatedly conducted [12-15].
Related studies in the past have reported that learning can be improved by experience
sharing between learners who have received VR-based experiential education and train-
ing. Additionally, previous studies have reported that VR-based safety education had a
positive effect on increasing workers” understanding of safety rules. Furthermore, it has
been suggested that VR-based safety education can provide experiential education and
training that reflects the risks of real-world phenomena, thereby increasing workers’ safety
awareness and allowing them to immerse themselves in safety in the work process [10,16].

Most of the existing research on VR-based safety education has been conducted on
construction sites [6,9,17-19]. Research related to VR-based safety education and training
has also been conducted in the field of evacuation simulation development research, such
as marine safety training and fire safety training [9,11]. Recently, industrial field education
based on virtual reality has been studied in various industries such as the manufacturing
and automobile industry [20-24]. A mobile platform was developed that uses a smartphone
device as a digital education tool by adding virtual reality application Android technology
to the existing VR-based technology to educate workers using digital technology [21].
In addition, research on VR-based education is being conducted in the field of technical
education in the industrial field based on immersion [24].

The effectiveness of experiential safety education and training reflecting risks in
construction sites is being proven. According to previous studies, it was confirmed that
providing education that reflects on-site risks based on virtual reality during experiential
safety education and training has a positive effect on the induction of workers’ safety
behavior and organizational safety achievement [17-19,24,25]. In the construction industry,
automobile industry, manufacturing industry, as well as various industrial sites, it is
necessary to provide an education and training environment where workers can focus on
safety by improving their safety awareness and behavior without being directly exposed to
dangerous situations.

Among the industrial fields, the education and training studies on active electric
construction projects that are being performed are insufficient. Active electronic work
is performed while an electric current is flowing through the living cables, and more
than 80% of electric shock accidents occur during active electronic work, so there is a
significant risk [20]. In addition, most of the causes of accidents at active electronic work
sites are caused by human errors such as a lack of safety awareness among workers, work
mistakes, and failure to wear safety equipment. In addition, there is a need to provide
an education and training environment in which workers can concentrate on safety by
improving their safety awareness and behavior without exposing themselves directly to
dangerous situations.

Therefore, in this study, we attempted to build an experiential safety education system
applying VR technology as a new form of safety education for workers in active electronic
construction sites. In addition, this design of a VR-based safety education system was
intended to prepare basic data for the modernization and activation of safety education.

2. Theoretical Background
2.1. Industrial Safety Education and Training

Safety education refers to learning that comprehensively develops the knowledge,
motivation, skills, attitudes, and behaviors necessary to respond to and prepare for the
risk of accidents such as human injury or property damage [26-28]. It can also be defined
as an educational activity that enhances the knowledge and cognitive abilities required
by workers to perform their work safely in the workplace, the skills required to act in
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compliance with safety, and the formation of safety consciousness and values [29]. In the
field of VR-based occupational safety education research, safety education is defined as
learning how to actively respond to potential risks through continuous education to induce
safety behaviors of workers and reduce the likelihood of accidents and hazards [22-25].
Safety education is directly related to the survival of workers.

The importance of effective safety education is being increasingly emphasized to
reduce industrial accidents in the field and establish a healthy safety culture [8,28,30].
Safety education is coming to be emphasized as a necessity to prevent industrial accidents,
as more than 80% of various accidents are caused by human error, such as a lack of safety
awareness among the workers and incomplete safety behavior. However, the current safety
education training has several problems.

First, it does not have an experiential element. A preceding study that investigated
the demands of safety education in industrial sites targeting field workers found a high
preference for the main education methods to be in a practical context centered on the
field, such as practice and experiential education [31]. However, in most safety education,
except for the firefighting field, it is difficult to conduct safety education in an experiential
manner due to high cost and high risk. Second, there is a lack of consideration of learning
subjects in safety education. Since workers’ participation in learning is a key factor in
the effectiveness and continuity of safety education, it is crucial to elucidate the learning
characteristics of site workers [30]. In the Program for the International Assessment of
Adult Competencies (PIAAC), a study analyzing the social structural characteristics of the
phenomenon of non-participation in lifelong learning revealed that blue collar occupations
are more disadvantageous to work and learning than white collar occupations. In addition,
it was announced that people in the blue-collar occupational group had a low learning
affinity and a weak desire to participate in learning.

A study of field workers found that in an environment where work and study were
separated, blue-collar workers were less likely to learn and less willing to participate in
learning [32]. However, at present, safety education is uniformly conducted in a formal or
injectable form without considering the learning characteristics of industrial workers, and
the effectiveness of safety education is not guaranteed [29,33,34]. Therefore, to increase the
effectiveness of safety education, it is necessary to deviate from the existing injection-type
education, reflect the actual dangers in the field, and establish a safety education system
that suited to the learning characteristics of workers so that they can immerse themselves
in learning.

2.2. Virtual-Reality-Based Safety Education and Training

Safety education using VR technology is attracting increasing attention as an inno-
vative technology, and it is being used in various fields because it has the advantages of
high practicality, high risk and high cost substitution, and securing safety and efficiency.
Virtual reality can be defined as a virtual world similar to reality that acts a part of a
person’s senses and feels real [2,16,35]. Education using virtual reality technology can
solve the limitations of current safety education in the absence of learner’s immersion
factors. First, VR technology can be used to implement experience-based safety education.
When an experiential form of safety education is performed using VR technology, workers
can actively participate in safety education that reflects the actual conditions of the field,
thereby improving and improving safety awareness, as well as enabling them to concen-
trate on safety at work [18,36]. The engagement of these workers with safety practices in
the workplace can lead to a reduced occurrence of industrial accidents.

Second, a flexible environment optimized for customized learning goals can enhance
workers” engagement in learning by providing concrete experiences with a sense of pres-
ence [9,14,35,36]. In addition, the study was reported that the implementation of experience-
based safety education through VR technology can lead to active participation among
workers that causes them to engage with safety [37]. Therefore, this technology can be
expected to provide immersion, interest, and active participation in safety education tar-
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geting industrial site workers with low learning affinity and low learning needs, thereby
offering an alternative to infusion-type education in which there is no experience factor,
which was a limitation of the existing safety education.

VR-based educational contents can be classified into the realistic lecture type, simula-
tion type, and game type contents according to the sense of presence offered. Among them,
simulation-type educational content is the representative type that is the one most often
used as safety education content because it has the advantage of making it possible to im-
plement a realistic accident situation in virtual reality, which would have many restrictions
in actual training [38]. VR-based safety education is used often in various fields because
it transcends the limits of time and space in reproducing various accident sites, enables
repeated learning as many times as desired, and has high learning effects. VR-based
training has been applied in a number of fields, including safety education, construction,
firefighting, automobile operation, heavy equipment driving training, aviation, disaster
education, and national defense [6,39-46].

We examined various learning models for VR-based safety education described in
previous studies. There are prior studies that try to provide VR-technology-based education
and training by mixing pedagogical theory and immersion theory [21-24]. In this study,
simulations and applications using immersive technology were built and designed so that
users can experience the risks of real work in the virtual world and learn new skills [21]. VR-
based education can also be used in the field of vocational education. Based on “knowledge
learning”, it is configured to learn competency by applying cognition, attitude, knowledge,
and technology [22,23]. It was designed to apply realistic training scenarios in the learning
process of learners, and to enable faster access to knowledge by technicians and blue-collar
workers. In addition, previous studies have suggested the use of a technology that can
utilize a biosensor for user data collection and further enhance the sense of reality and
application programs with the possibility of distance education [24].

Ho and Dzeng [27] presented a risk scenario comprising the main components of the
VR-based safety education content design model, repetitive learning, and gamification,
which allow learners to perform the same movement repeatedly until achieving safe
behavior and which is more engaging than when the learner does not participate in the
education, respectively. Education-based on gamification was applied not only to the
construction field but also to research on the development of educational contents for
chemical plants [47-49]. Lee [50] presented the several core factors necessary for VR-based
content design: collecting information on accident situations to be implemented using VR
technology, setting curriculum and educational goals in consideration of educational level
and difficulty, etc., and creating realistic educational scenarios with which learners can
engage. Chen et al. [51] applied reality to form the learner’s risk perception among the
components of the existing safety education and training contents, such that the learner was
immersed in the contents of education and the contents were embodied. An evaluation of
educational effectiveness was also presented. Table 1 presents studies related to VR-based
safety education. An evaluation of educational effectiveness was also presented. Table 1
presents studies related to VR-based safety education.

By analyzing the preceding studies, it may be confirmed that the educational design
model using VR has a common element of engagement to check educational goals and
contents, scenarios to be implemented in VR, and learners” interests, actions, and reactions.
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Table 1. Research on VR-based safety education and training and its main contents.

Author(s) Ground Theory Application Field Education Content Design Factors
) ] ) 3D environment
Karagiannis et al. Immer51or.1 Th?OTY and Manufacturing ° Immersive factors: Haptic, spatial perception,
[21] Gamification walking-based navigation
) 3D environment
Mavrikios et al. [22] Immersilon Tklleory and Manufacturing Educational factors: A cognitive framework,
knowledge learning industrial learning process
. . 3D environment
Radhakrishnan et al. Immerspn Theory and Industrial skill Educational factors: Industry classifications
[24] Embodied learning and learning of processes and sequences
. 3D environment
Adami et al. [25] Behavioral-based safety Construction Immersion factors: Attitude-based cognition,
program emotion, behavior, and interaction
3D environment
Gamification and ) Game-based educational factors: Feedback,
Ho & Dzeng [27] e-Learning Construction quantitative results, emotional responses,
problem solving
o ) Educational factors: Reward and reinforcement
Kim [38] Behaviorist Learning Construction Immersion factors: HMD, haptic, spatial

Theory recognition sensor, motion navigation

] Various Safety management documents
required for work (Standard Operating

Fracaro et al. [47]
Procedure, Safety Data Sheet, etc.)

Game-based learning Chemical factory

3D environment

Interaction Educational factors: motivation, self-efficacy,
) TheoryLearner- ) safety performance
Nykénen et al. [48] Centered Construction e  Effectiveness evaluation factors: Evaluation of
Curriculum educational effectiveness, randomized
evaluation,
3D environment
Chang, Chang, & Simulation Theory Construction Educational Factors: Interaction of learners
Kim [49] with VR environments
3D environment
] ) Interaction between factors that can induce
Lee [50] Virtual Reahty and Construction unsafe behavior, such as cognitive factors,
Perception Theory behavioral factors, and emotional factors, and
environmental factors
° Educational factors: Mechanism model
Chen et al. [51] Embodied Cognition Employee training influencing user migration

° Educational factors: Attitude-based factors

O’Briena, Cairns &
Hall [52]

Transition Learning
Theory

Employee training

such as cognition, emotion, and behavior,
interaction, and commitment

In the past, the focus was mainly on perceptual immersion, such as realism in a
virtual space and experiences through senses. However, in recent years, psychological
(or emotional) immersion has attracted attention; this type of immersion refers to human
interest and motivation through interactions in VR [53], as well as the cognitive, emotional,
and behavioral investment of learners when interacting in a virtual environment. There is
a trend of expanding its meaning as an engagement that examines the quality of experience
according to [54-56]. In the field of safety education, it has been difficult for learners to
directly link safety knowledge to safety behavior as lecture-style education has become
mainstream, because the actual situations cannot be applied in the educational programs
due to the risk that learners may suffer safety accidents. When viewed comprehensively,
safety education with VR technology can create real situations in VR that are free from
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the risk of accidents. Therefore, it is determined to be a new educational system that
is notable in that it can achieve safety immersion through organic interaction between
the learner’s cognition, emotion, and behavior. Figure 1 shows the main elements of
VR-based education.

Cognitive aspect *® Experience elements through
realism and senses

VR-based safety

education

Emotional aspect Behavioral aspect
= Inducing human interest and motivation

> o . = Practice safety behavior through
through interaction in virtual reality

experiential education
Figure 1. VR-based safety education based on engagement.

3. Methods

Based on the necessity of VR-based safety education and the use of the learning model
we have examined, a safety education system using VR supplements the limitations of
existing safety education, thereby providing effective and high-quality education to field
workers. It has been predicted that this will then contribute to the spread of a desirable
safety culture. In this work, a study was conducted to lay the foundation for building a
VR-based safety education system that reflects actual risks in industrial sites.

3.1. Risk Scenario Construction and 3D Modeling

In order to establish a VR-based safety education and training system, the accident
process to be applied to the risk scenario for education and training was first selected. In-
depth interviews were conducted with stakeholders such as site workers, safety managers,
and management to select the accident process to be applied to the risk scenario. In
addition, risk scenarios were established by deriving the risk points at the site through field
trips and analyzing the causes and effects of existing domestic and international accident
cases. The flow chart is presented in Figure 2.

Selection of work process in which an . . -
p :> * Construction of active electric line

accident occurs

* Investigate the cause of the accident
* Derivation of risk factors for work process
* Inspection of the safety measures at the site

Exploring the site where the accident ::;
occurred

* Check work process sequence

* Safety management regulations for active electric
construction work

* Collecting opinions on the cause of the accidents

* Check of protective equipment necessary for work
process

Conduct in-depth interviews with on- [:>
site personnel of the organization

Figure 2. Risk scenario derivation process.
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In high-voltage active electronic construction work, small mistakes can cause serious
electric shock, so the following safety regulations must be observed:

e Do not allow electricity to flow into the human body. Workers must wear rubber
insulation gloves, rubber insulation sleeves, insulated boots, and insulated hard hats.
Precautions must be met during work (meeting with safety managers and co-workers).
Before starting work, the detector must perform an operation test.

The 3D model design is a basic component of the safety training system for active
electronic construction work. In this study, 3D images were produced that reflected the
work site, the process before and after the work, and the risk points. Specifically, the
material reflects the checklist necessary for safety management, such as before and after
work, safety regulations, safety equipment, work schedules, and additional explanations
related to safety management. The 3D model implemented in this study is of the one-
person experience type. It was produced by comprehensively considering the surrounding
environment. It included a user avatar, worker and manager characters, work equipment,
trucks, safety facilities, and telephone poles. 3D Max (3D modeling program, Autodesk)
was used to present the work process and the accident-related simulation and environment
construction in 3D modeling.

3.2. Development of Safety Education and Training Contents

In this study, safety education contents were produced by reflecting electric shock and
fall accidents that frequently occur in active electric construction work sites. The overall
work procedure for a worker to take a lift and perform a cut-out switch (COS) replacement
for a pole transformer of a direct active cable lines is shown, and differences are presented
depending on the situation, such as whether the safety equipment was worn or if the
meeting was held before work.

The educational contents were composed based on the established risk scenarios.
The safety regulations implemented as factors causing industrial accidents in the content
were composed based on occupational safety and health standards (OSHA) and the Korea
occupational safety and health agency (KOSHA) guide.

3.3. VR-Based Safety Education and Training System Implementation

The safety education and training system in this study was produced for one person,
and the system was largely composed of education and training contents (software, Secret
Town Co., Ltd., Seongnam, Korea) and a tracking system. The education and training
contents were produced based on user engagement. This content was produced with the
overall knowledge of safety, work process, and safety regulations required before and after
work execution as components. The tracking system constructed a motion recognition
space using an optical motion sensor capable of tracking location and motion. This system
is set up so that the user clicks through the work process and safety management checklist
through the controller while the manager (a 3D character) that is shown on the screen
provides an explanation of the work process and guidance on safety regulations. The head
mounted display (HMD) is a key element in building a VR-based education and training
system, and a 360-degree VR video program is applied so that there are no restrictions on
the user’s motion. With this system, the risk cases were directly shown, and the accidents
that occurred could be experienced in a manner similar to that in a real environment.

Virtualization devices (hardware) for education and training, Oculus Rift devices
(Unity Technologies, San Francisco, CA, USA) were used (head mounted display and
controller). It detects the user’s head movement through the head mounted display (HMD)
device and operates by moving the screen according to the actual movement. The controller
enables interaction with VR content using touch using a hand-held input tool. Since the
content is displayed on a standing scale, a tracker product manufactured by HTC Vive(HTC
Corporation, Taoyuan city, Taiwan) was used as a motion sensor so that the user’s location
can be recognized.
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4. Safety Education and Training System Platform Based on System Framework
4.1. System Design Principles and Components

In this study, the safety education and training system was constructed as follows by
using the learner’s cognitive, emotional, and behavioral engagement of immersion theory
in a virtual environment as a framework [55,56].

First, as an element of engagement in the cognitive aspect, the safety-related knowl-
edge that should actually be acquired by users who participated in the safety education
was presented. The main contents were electric shock and fall accidents, which occur most
frequently at active electronic construction work sites of all types of danger and accidents.
It is scientifically designed to present electric shock and fall accidents as risk scenarios and
to help users learn safety knowledge through the experience of wearing safety protective
equipment directly using a controller and HMD to prepare for safety accidents.

Second, to induce user engagement in the emotional aspect, the sound of the construc-
tion site, the vibration generated in the case of an accident, and the site’s manager and
fellow workers—implemented as 3D characters—were all arranged appropriately. The user
directly manipulating the controller made the VR experience highly real. Although this
system is a one-person education and training system, it was set to interact with the safety
manager implemented in the program, and it increased interest in safety education, which
was somewhat difficult in the existing lecture-style classes, while also inducing education
engagement.

Finally, we attempted to increase behavioral engagement wherein the superficially
learned knowledge leads to direct action by implementing a thoughtful scene in VR that
is difficult to experience in reality. After presenting the electric shock and fall accidents
that occur frequently in the active electronic construction work site in VR, a thoughtful
scene was presented where the learner could recognize the cause of the accident through
simulating the accident situation. The simulation was composed of situations such
as when the user did not wear insulation protection equipment or safety equipment
before work, skipping the safety regulation checklist check, or simulating an alarm
caused by an accident during work after omitting the equipment check. At this time, a
reset function was inserted by applying the iterative learning element of gamification.
Based on the contents of the active electronic construction work safety manual, it was
intended to enhance the effectiveness of education by directly participating in actual
safety actions. Ultimately, a VR-based safety education system was designed so that users
who participated in safety education could perform actual safety behavior based on the
safety knowledge acquired through the interaction between cognitive, emotional, and
behavioral engagement.

4.2. User Module and Scene Interaction Module

Based on the design principle of active electronic construction work safety education,
it was possible to understand the work procedure through a simulation of a COS (cutout
switch) replacement for a direct live line column transformer. The importance of safety
management was emphasized by adding accident factors and safety factors before and
during work.

The VR situation is set to end with a different ending according to the user’s choices.
First, the case involves the user not complying with the safety regulations. It was set so
that an industrial accident would occur if the user did not communicate between the safety
manager and fellow workers in the field and did not wear safety equipment. In addition,
if the user checked the communication between the safety manager and field colleagues,
it was set up so that an industrial accident would occur if the user did not wear safety
equipment.

Occupational accidents can occur even if people observe all safety rules. Therefore, in
this study, a situation in which an accident does not occur when workers comply with all
safety regulations and a situation in which an accident occurs but does not lead to personal
injury such as injury or death were divided into two categories. The educational scenario
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used as a case in this study assumes an accident. It is set such that if the user complies with
the safety regulations and wears the equipment properly in the process of work, even if an
accident occurs, it will not lead to serious accidents such as electric shock, fall, and death.

Users of the VR safety education and training system participate in training while
using HMD devices and controllers that can respectively be used to view and interact
with 3D environments. The workplace scenario applied to the system was presented
in two categories: a safe situation and an accident situation. The first scenario is a
situation of electric shock and fall that can occur when safety equipment is not worn.
Table 2 presents the contents of educational contents in detail. It shows in detail how the
process works when the education and training system begins. First, an accident case
that can occur if the user does not wear safety equipment is shown. The user took the lift
using the controller and performed the COS replacement work for the active cable pole
transformer. An electric shock accident occurred while the user performed this active
electronic construction work, and the situation ended with an electric shock and a fall
accident for the user who was not wearing safety equipment.

The second accident case is a situation in which the user is wearing safety equipment.
Table 3 shows in detail the accidents and risks that can potentially occur when wearing
safety equipment. The user clicks the safety manager, one of the 3D characters displayed
on the screen through the controller and receives a checklist based on the live line work
manual, an explanation of the work process, and a guide to the relevant safety regulations.
The safety regulations are presented as a checklist, and the checklist is to check the status
of active electronic work equipment and rubber protective equipment, then report the
work status to the distribution center. One is also required to check whether the substa-
tion breaker or the power side recloser (R/C) is reclosed to stop the operation function.
Next, it consists of contents such as maintaining a risk checklist and making minutes
before live ship work. As confirmed in the last scene in the table, even if an accident
occurs while performing active electronic work, wearing safety equipment can prevent a
fatal accident.

4.3. System Framework Workflow and Structural Design

A safety education system that applies VR technology was designed according to
the theory and design principles related to safety education. First, immersion theory
was applied as a theoretical basis for designing a safety education system based on VR
technology, where the safety immersion of learners was specifically the main factor. We
applied engagement as a design rationale by adding elements of user-system interaction
and active participation to the existing immersion theory. The safety engagement of users
was also a major factor. Safety commitment includes cognitive, emotional, and behavioral
factors for safety, and the main constituents are safety compliance, safety consciousness,
and safety behavior, respectively [8,57-59].

The risk scenarios applied to the system, including work processes, risk factors, and
safety regulations, were constructed. The system was designed so that it can be flexibly
changed according to the particular work process. The platform was designed so that the
education system can be operated by applying different scenarios so that education can be
applied in places other than construction sites, manufacturing sites, and industrial sites.
Figure 3 shows the safety education system framework built by integrating theoretical
analysis, system configuration and design principles, and technical elements.
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Table 2. VR simulation without safety equipment.

Contents VR Implementation Scenes

The lift is raised

Clicking the controller

Construction site

Pick ub the

Process of active electric construction work .
insulator cover

Electric shock and falling accident
(Very high risk of death)
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The operating principle of the VR-based safety education and training equipment
developed in this study was set so that results would differ depending on the user’s
movements. Users can wear the HMD and move with the controller in one hand. The
HMD and controller are wireless so that the user can freely move, and the main body
can recognize the selection up to a radius of 2 m. Once the user clicks and selects the
safety regulation checklist displayed on the HMD screen with the controller, and when
the selection is completed, the checklist disappears and the site manager, safety manager,
and fellow workers appear. The user communicates the site situation by clicking on
the members one by one, and the safety manager explains the dangers of the work
and instructs them to wear safety equipment. When the user clicks in response to the
instruction, the scene in which the truck’s lift rises proceeds. The user performs work
while moving in the lift. At this time, the motion sensor operates to check the user’s
movement. A motion sensor is used to detect movement within the box, assuming the
user is working inside the box inside the lift. If the user’s motion is out of range of the
box or if a part of the body is detected close to the electric wire in VR, it vibrates to warn
the user of danger.

[ v

+ D Flexibility: This scenario can be changed

. a ding to th k
modeling technology ccording to the work process

Learning theory of
VR education

Safety education system based VR education training
on VR technology apparatus

= Application of education theory
based on safety engagement

= HMD(head mounted display)
= Controller

= Motion detector

= Signal detector

Figure 3. Learner-centered safety engagement education system framework.

4.4. Prototype Production of Safety Education and Training Systems

The prototype of the education and training system produced in this study received
feedback from the expert group who participated in the interview when deriving the
risk points of the electrical construction site. A total of 13 people participated in the
demonstration of the product, including 7 electric construction site workers, 2 safety
managers, and 4 site managers. In order to reflect the sense of reality in VR, workers at
worksites provided feedback on the VR environment configuration, the safety regulation
checklist, the immersion factors, and the work order. After the prototype was devel-
oped, whether the contents of the interviews with field personnel were reflected was
confirmed through product demonstration. Figure 4 shows the manufacturing process of
the prototype product.
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Table 3. Cont.

Contents VR Implementation Scenes

Occurrence of electric shock that does not lead to personal
injury

Establishment of a virtual reality-based environment based on
engagement factors

Conduct a prototype demonstration to evaluate the product by a
group of experts

Modify the virtual reality environment and work process
sequence by reflecting the evaluation contents

Re-evaluation by the expert group

VR-based safety education and training system prototype
production

Figure 4. Prototype development sequence.

5. Conclusions and Implications

In this study, to create an educational environment wherein people can immerse
themselves in safety, an experience-based safety education system implemented using
VR technology was established for active electronic construction site workers. Based on
the research results, the following effects and implications of the new safety education
system incorporating VR technology in cognitive, affective, and behavioral education
were derived.

First, from a cognitive perspective, VR-based safety education can increase learning
outcomes because it is more advantageous for acquiring knowledge than the existing
lecture-oriented delivery methods. The advantage of using VR technology in safety edu-
cation is the fact that it enables learning through risk scenarios and simulations that can
realistically reproduce accident situations in a way that is impossible to do in reality [52-54].
Considering that practical experience through interaction is one of the most effective safety
education and training methods, the use of VR-based safety education is expected to be
high in the future. The VR-based safety education system developed in this study is an
activity center that links the accident scene and education, enabling interaction-based
experiential learning in which VR is realized in a real context. Through the demonstration
of the prototype, it was estimated that the sense of presence provided by VR technology
could contribute to the improvement of memory for content learning through a high sense
of engagement. It is determined that it will provide a higher learning effect than simple
lecture and injection type education.
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Second, in terms of effectiveness, the effect of VR-based safety education can be
examined in connection with the “presence effect’. The presence effect refers to the extent to
which the VR has a lively feeling similar to reality that can maximize not only the cognitive
aspect of memory enhancement but also the enjoyment of educational content based on
the experience that increases the learner’s response to and energy toward the content.
Based on educational content incorporating new technologies, learners can intuitively
interact with the learning subject that is being visually expressed [40]. The VR safety
education system developed in this study maximizes learning participation by providing
experiential activities that allow learners to directly manipulate and interact with learning
objects. By applying a gamification learning strategy using VR technology to support a
variety of learning styles, the platform was configured to increase the learning participation,
motivation, and satisfaction of multiple learners. This has substantial implications in that
it can naturally induce interest and engagement in safety education, even among learners
with relatively low learning affinity. VR education can help learners actively participate
in safety education through emotional engagement such as by deriving motivation for
learning and interest.

Finally, the behavioral engagement effect of VR education comes from its improve-
ments to the learners” behavior and the continuity of education practice free from the
constraints of time and space. Unlike simple infusion lectures, in an environment imple-
mented through VR, students can expect substantial behavioral improvement in that they
directly participate in specific actions, such as the proper actions to take in dangerous situa-
tions consisting of accidents that occur when wearing or not wearing equipment [60-63].
In this study, the safety education and training system was designed so that learners can
interact with the virtual environment based on VR technology and recognize the order of
the work process, unlike the existing regular class method. In addition, VR education has
an advantage in that it supports education and training that enables direct experience with
the subject of learning while avoiding the potential risk of accidents that may occur in real
situations in a safe environment. In particular, the development of a VR-based experiential
safety education and training system for the process sequence and risk points of active
electronic construction work is meaningful in that it adds diversity to the existing limited
industrial fields such as construction, manufacturing, and plants.

As a prototype, the VR-based safety education and training system developed in this
study is meaningful in that it is possible to perform user-centered education, to interact
with users and the system, and to develop a curriculum for a new industry. However, this
has some limitations that need to be addressed. First, because it is a one-person system,
communication with field officials is not smooth. Since there is only one worker on the
truck lift box when performing COS work, there was no problem in carrying out the job
training itself. However, it did not reflect the situation in which communication with
co-workers on the ground, safety managers, and field managers using radios, etc., was not
considered. In addition, since the detection ability of the biosensor is limited to two people,
it is difficult to conduct training for a large number of trainees.

The purpose of this study was to provide safety information through experiences
using a VR-based environment to induce active participation and to provide an educational
environment in which workers can immerse themselves in safety. The safety education
and training system developed in this study can contribute to the establishment of a safety
education system in which learners can continue to participate without an interruption of
education, even at the present time when collective group education has become difficult
due to the spread of COVID-19. Ultimately, the design of the safety education system is
expected to contribute to improving the safety commitment in the workplace perceived
by workers.

Future research could evaluate VR-based safety education and training system devel-
oped in this study from various perspectives. Specifically, in the initial stage, it is intended
to educate users and evaluate curves of satisfaction, learning effect, and safety performance.
The practical effect of the education and training platform and system developed in this
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study is to be tested and measured to verify the effectiveness of the existing education
method. For the generalization of this platform and system, it is necessary to prove the ef-
fectiveness of training by designing for workers. In addition, cost benefits to organizations
from choosing this training method over others based on a financial analysis are required.
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