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Abstract

Improving results in the safety and health management of employees performing
particularly hazardous work (e.g. in the smelting industry) depends mainly on effectively
conducted occupational safety and health training. To prevent accidents at work and
occupational diseases, existing solutions in this area should be complemented or replaced
with innovative ones. Virtual Reality (VR) technology offers excellent opportunities
in this area. This article is both theoretical and empirical in nature. It aims to present (1)
the potential of VR in occupational safety and health (OSH) training from the theoretical
perspective and (2) practical solutions for using VR in OSH training in the particular
case of a smelting industry enterprise. For the purposes of the article, an analysis of the
literature on the subject and a descriptive case study were used. The literature on the
subject provides evidence that VR can be successfully used in occupational safety and
health training. The analysed company is in the phase of testing VR technology in on-the-
job training for particularly hazardous work. Initial reports from the project are promising.
The authors recommend actions to eliminate/limit the identified implementation
weaknesses. They also hope that the article will encourage safety and health managers
to be interested in the issues discussed and facilitate the design and implementation of
more effective occupational safety and health training.

Keywords: virtual reality, safety and health training, on-the-job training, hazardous work, smelt-
ing, case study
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Introduction

The European Commission’s Strategic Framework on Health and Safety at Work
2021-2027 establishes key priorities and actions aimed at enhancing health, safety,
well-being, and productivity of workers while addressing rapid changes in the economy,
demography, and work patterns (European Commission, 2021). The new strategy is
centred around three overarching objectives: anticipating and managing change in the
context of green, digital, and demographic transitions, enhancing prevention of work-
related accidents and diseases; and working towards a Vision Zero approach to eliminate
work-related deaths, coupled with increasing preparedness to respond to current
and future health crises (Ramos, Cotrim, Arezes, Baptista, Rodrigues, Leitio, 2022).

Inlight of the above, companies that aim not only to protect but also to promote
physical and mental health of their employees should adopt a comprehensive approach
to occupational safety and health (OSH). This means that, in addition to systemic
actions (such as implementing, maintaining, and continuously improving an OSH
management system), efforts focusing on technical safety (securing machinery,
equipment, and workstations) as well as behavioural safety (Behavioural-Based Safety)
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are necessary (Kozlik, 2008). These actions should primarily have a precautionary
and proactive nature to prevent risks, injuries, and health problems related to work
(Pandey, Kiran, Parhi, Singh, Jha, 2023). New and emerging OSH risk factors, such
as COVID-19, have clearly demonstrated that contemporary safety and health
management systems must also be resilient and responsive. This allows for the swift
adoption of appropriate measures to address unforeseen contexts and mitigate both
conventional and novel occupational hazards (Ramos et al., 2022).

The success of the OSH management system depends on many factors. One of
them is effective OSH training. It is an essential part of a hierarchy of prevention
measures and can be described as a range of efforts undertaken to engage trainees
to affect their motivation, behaviour, and attitudes to improve workers’ safety
and health. OSH training equips employees with the necessary understanding and
awareness to identify potential workplace hazards. It fosters a mindset that empowers
individuals to consciously assess situations for potential risks and dangers. Moreover,
it imparts procedural knowledge, enabling employees to respond appropriately and
prevent working under hazardous conditions (EU-OSHA, 2020; O’Connor, Flynn,
Weinstock, Zanoni, 2014). According to the Labour Code, employees must not be
allowed to perform work for which they do not possess the required qualifications
or necessary skills, as well as adequate knowledge of regulations and principles of
occupational safety and health. Employers are legally obligated to provide initial safety
and health training before allowing employees to work and conduct periodic training
during employment. The international standard ISO 45001:2018 “OSH management
systems — requirements with guidance for use” emphasise that organisations should
identify necessary competencies, take actions to acquire and maintain them, and
evaluate their effectiveness. These competencies include the knowledge and skills
needed to identify hazards, address occupational health and safety risks related
to their work and workplace, prevent accidents at work and occupational disease.

Training, as a pivotal component within the OSH management system, should
undergo continual enhancement with regard to its utility, appropriateness, and
effectiveness, akin to the other elements comprising the system. To become more
effective, objectives, content, and safety and health training methods should be
constantly reviewed. Managers are urged to actively seek innovative solutions that
facilitate the adaptation of OSH training to evolving workplace dynamics and the
emergent requirements of organisations and their workforce. The rapid evolution
of technology presents substantial opportunities to optimise the processes and
outcomes of OSH training initiatives (EU-OSHA, 2020; EU-OSHA, 2023).

The above pertains, among other things, to safety training methods, which should
be cost-effective, performance guaranteed, and engaging for the participants. Many
researchers emphasise that traditional OSH training methods, including lectures,
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seminars, online exercises, non-interactive videos, paper-based safety guidelines,
and on-site trainings, find it increasingly challenging to meet these requirements.
They point to the following limitations of traditional methods: limited engagement
levels, difficulty transferring the training to the real world, time inflexibility,
and training inconsistencies due to instructor dependency (Burke, Sarpy, Smith-
Crowe, Chan-Serafin, Salvador, Islam, 2006; Gao, Gonzalez, Yiu, 2019; Schwarze,
Kampling, Heger, Niehaves, 2019). Other researchers highlight that many training
programmes are often conducted conventionally and are not tailored to the diverse
and specific needs of the participants. Moreover, methodologies with low physical
and psychological resemblance to the hazardous environment are commonly used,
resulting in inadequate sensory information to create a genuine perception of being
in that specific place (Cordeiro, Santos, Winkler, 2023).

Considering the above, this article aims to present the potential of VR in OSH
training from a theoretical perspective. Following this, it presents practical solutions
for using VR in OSH training in the particular case of a smelting industry enterprise.
For the purposes of the article, an analysis of the literature on the subject and
a descriptive case study were used.

Applications of VR technologies for OSH training —
benefits and limitations

Virtual reality (VR) is a promising technology that has become increasingly popular
in recent years. Many researchers define it by referring to its three properties: (tele-)
presence, interactivity, and immersion (Walsh, Pawlowski, 2002). Wohlgenannt,
Simons, and Stieglitz (2020) assert that VR leverages immersive technologies
to simulate interactive virtual environments or virtual worlds. Users become
subjectively involved and feel physically present in these environments. Babalola
et al. (2023) emphasise that VR can be defined as a computer-generated three-
dimensional (3D) simulation of real-world scenarios. By utilising electronic devices
like head-mounted displays (HMDs), users can immerse themselves in and interact
with these simulated environments.

Intensive development and recent advancements in VR technology (reduction
in price, improvements in the usability and ergonomics of VR hardware, quality of its
output) have resulted in various fields and sectors of its application (Stefan, Mortimer,
Horan, 2023). Apart from gaming and entertainment, VR is used in education. Other
fields include retail, transportation, energy, consulting, insurance, healthcare, and
sports. Industries such as defence, real estate, architecture, and tourism, have also
used VR. Additionally, it is used in military training, law enforcement, construction
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and manufacturing, journalism and media dissemination, scientific visualisation, and
engineering. VR also supports HR activities like personnel recruitment, assessment,
onboarding, and development. It is worth emphasising that this list is not exhaustive,
and the number of VR applications is growing (Wohlgenannt, Simons, Stieglitz,
2020; Hamad, Jia, 2022; De Back, Tinga, Louwerse, 2023).

The literature review on the subject of VR applications highlights that it has
been successfully applied in training, including OSH training (Buttussi, Chittaro,
2021; Stefan, Mortimer, Horan, 2023). Norris, Spicer, and Byrd (2019) believe that
thanks to the flexibility offered by VR, OSH training programmes can be customised
to address the specific needs of virtually any industry and replicate numerous
environments and scenarios. Research reports on this subject primarily come from
industrial sectors such as transportation, construction, manufacturing, mining,
healthcare, oil and gas and chemical industries. The OSH hazards addressed by VR
training include but are not limited to fire, fall, impacted by electrical and chemical
components, working at heights hazards (Gao, Gonzalez, Yiu, 2019; Babalola, Manu,
Cheung, Yunusa-Kaltungo, Bartolo, 2023). It is worth emphasising that numerous
applications of VR for OSH training take place in industries where the severity of
hazardous events/exposures is high. According to Burke et al. (2011), employees
in high-risk industries should undergo engaging training that simulates real-life
situations to enhance safety knowledge and improve safety performance.

VR technology offers a significant opportunity to enhance the effectiveness of
OSH training. This is primarily attributed to its numerous advantages and profits,
which can benefit all stakeholders. As highlighted in the literature, the advantages of
VR seem to address the limitations of traditional training methods mentioned earlier,
thereby transforming conventional teaching approaches into ground-breaking training
experiences (Babalola et al., 2023). VR has the capability to transpose trainees into
scenarios with a high level of realism by recreating complex representations of work
environments, especially those difficult, expensive, or dangerous to replicate in the
real world due to financial constraints or safety concerns (Norris, Spicer, Byrd, 2019;
Stefan, Mortimer, Horan, 2023). One significant advantage is the ability to train
for dangerous or expensive scenarios in a controlled virtual environment where
participants can make mistakes and experience safety failure (e.g. injuries, fatalities,
near-hit incidents) without serious consequences. This not only reduces the risks
associated with simulating potentially hazardous situations but also allows for the
depiction of non-existent scenarios through VR (Xu, Zheng, 2020; Dhalmahapatra,
Maiti, Krishna, 2021). The immersive nature of VR enhances understanding of
safety protocols and real-life job experiences. It offers an opportunity to practice
identifying and assessing hazards and risks, bridging the gap between classroom-
conducted safety training and real-world, on-the-job hazards (Norris, Spicer, Byrd,
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2019; Joshi, Hamilton, Warren, Faucett, Tian, Wang, Ma, 2021). Thanks to attractive
and immersive experiences, VR-based OSH training can increase trainees’ commitment
and motivation to learn and improve skills (Abich, Parker, Murphy, Eudy, 2021;
Shiradkar, Rabelo, Alasim, Nagadi, 2021). It also allows ongoing monitoring of
participants’ progress, which facilitates assessing their skills, identifying areas
requiring additional training, and providing immediate feedback (Dhalmahapatra,
Maiti, Krishna, 2021; Norris, Spicer, Byrd, 2019).

In addition to the numerous advantages of using VR technology in OSH training,
one should be aware of its limitations. A review of the literature allows to identify
the notable ones. However, it is worth noting that this issue is still poorly recognised
(Schwarze Kampling, Heger, Niehaves, 2019). In the early stages of VR development,
a significant limitation was its high cost and the substantial time and effort required
to create usable training scenarios. As advancements in this field continue and the
number of companies specialising in creating tailor-made scenarios in VR increases,
accessibility to this technology grows (Norris, Spicer, Byrd, 2019). However,
many researchers emphasise that for many organisations, the development of VR
simulations is still time-consuming, expensive, and requires a lot of computing
power, and there is a lack of available expertise for the development of VR interactive
contents (Babalola et al., 2023). An identified limitation is that training platforms
using immersive technology are restricted by the currently available hardware and
software. The level of realism and immersion is contingent on the progress of these
technologies and the company’s investment in them, among other factors (Cordeiro,
Santos, Winkler, 2023). Babalola et al. (2023) point out that current HMDs were
designed for entertainment and media consumption rather than prolonged usage
in training settings. Therefore, their use for long-duration training may be problematic.
Furthermore, VR could be perceived as unsuitable for training purposes, given
the diverse learning styles among trainees, variances in gaming proficiency, and
considerations related to disabilities. According to the researchers, an additional
challenge is the lack of effective communication methods between trainers and
trainees engaged in a virtual environment. Effective communication is crucial, as
trainers must comprehensively grasp the difficulties encountered by trainees while
utilising immersive technologies and offer timely solutions using appropriate hardware
and software tools. The most common drawback is cyber-sickness both during and
after the VR experience (Schwarze Kampling, Heger, Niehaves, 2019). Individuals
experiencing cyber-sickness may exhibit symptoms such as pallor, sweating, nausea,
eyestrain, vomiting, disorientation, or dizziness due to excessive stimulation by
cyber technologies or equipment. It causes discomfort which can disrupt the user’s
immersion and, consequently, hinder an individual from concentrating on the learning
context or executing a specific task (La Viola, 2000; Shi, Ning, Chen, Dhelim, 2024).
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With an increasing number of practical areas in which VR is applied, including
OSH training, numerous researchers draw attention to the effectiveness of VR-based
training. Many of them emphasise that this issue is still too poorly explored and requires
further, in-depth research (Cordeiro, Santos, Winkler, 2023; Strojny, Duzmanska-
Misiarczyk, 2023). According to Bell et al. (2017), the challenge is understanding
whether technology-based training effectively achieves the desired training outcomes
and the factors influencing its effectiveness. Srinivasan et al. (2022) emphasise
a need to develop systematic approaches to measure the effectiveness in achieving
the desired training outcomes. Strojny and Duzmarnska-Misiarczyk (2023) emphasise
that research on the effectiveness of VR-based training is very diverse, and studies
in this area sometimes lack common theoretical and methodological foundations.
Benitti (2012) highlights that both industry and academia should understand the
effectiveness of new technologies and resist getting caught up in what may be nothing
more than a passing fad.

Method

The method used in this study was a descriptive case study which aimed at
describing in detail the VR safety and health training (on-the-job training) in hazardous
work environment for blue-collar workers. [t allowed the researchers to gain concrete
and contextual in-depth knowledge about the advantages and disadvantages of
applying VR in a particular organisation. It was also chosen purposefully to show
similar results to what was described in the literature (literal replication) as it is
advocated in the literature (Perry, 1998).

Table 1. Case-study methodology framework

participant
observation and
physical artifacts.

Purpose of Reason to use | Type of case Methods of gathering | Data analysis of case
the case study | case study study research | data study research
research research

Practice- Description Descriptive Observation, Data display,
oriented document review, explanation building,

direct interpretation,
content analysis,
within-case analysis.

Source: (Ebneyamini, Sadeghi Moghadam, 2018).

According to Yin (2018) case study research with the description of one case
is justifiable when the case under investigation is the quintessential example of
a particular phenomenon. The case described in this paper meets the aforementioned
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criterion. Additionally, the use of the case study method is even recommended in
today’s volatile environment with the growing frequency and magnitude of changes
in technology and managerial methods (Ebneyamini, Sadeghi Moghadam, 2018).
Table 1 shows the framework of the case-study methodology.

Research questions

Case studies methodology recommends “how” and “why” research questions
which are the most appropriate for it (Ebneyamini, Sadeghi Moghadam, 2018; Yin,
2018). In this context, we stated 5 research questions to get an in-depth view of how
and why the VR based on-the-job training was implemented for smelters:

1. What are the goals of the implementation and use of VR in the case study on-the-
job training for smelters? How are they related to a comprehensive approach to
OSH? Do they affect behavioural patterns? Better learning outcomes?

2. Isthe efficiency and effectiveness of the VR method examined in the context of:
health and safety (lower accident rate, greater awareness of dangerous behaviours),
development (faster growth of competences), performance (better quality of
work, fewer deficiencies, failed products), well-being (greater satisfaction, less
stress, commitment). By what methods/indicators?

3. How does the training influence workers? How do they assess its usability? Do
employees participate in the creation of scenarios? Do they perceive them as
real possible events?

4. What are the weaknesses of VR training (e.g. lack of realism, motion sickness,
poor flexibility to the changing circumstances), and how does the company deal
with them and/or prevent them?

5. What solutions are implemented to improve the method in the context of
goals, efficiency, effectiveness, and better fit to the employees’ well-being and
engagement?

To meet the standards of high reliability of case study design a “case study
protocol” (Priya, 2021) was applied, including the following elements:

1. An overview of the on-the-job training and its objectives.

2. A detailed description of the sources and procedure of data collection.

3. Guidelines for analysing data and reporting findings.

4. The discussion of stated research questions.
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Description of a case study (on-the-job training)
and its objectives

The first element of a case study protocol addresses the description of on-the-
job training and its objectives. It also refers to answering the first research question.

This case study concerns a smelting industry enterprise (SIE) that has integrated
VR technology into its existing OSH training solutions in the field of on-the-job
training of employees performing particularly dangerous work. SIE employs about
2500 people. Most of them are production workers, operating in a demanding and
hazardous work environment. The most important risk factors are harmful physical
and chemical agents such as noise, lead, liquid metal, hot microclimate, poisonous
fumes, explosion or fire, and working at heights.

As part of the implemented, maintained and constantly improved occupational
health and safety management system (ISO 45001:2018), the company undertakes
a number of different activities. Such an approach is primarily intended to ensure
the most comprehensive protection of safety and health of employees and the
achievement of OSH objectives (e.g. reducing the number of accidents, occupational
diseases). At the same time, in addition to systemic safety activities (e.g. occupational
risk assessment, audits, management reviews), the company carries out tasks aimed
at improving technical safety (e.g. modern machinery, equipment security) and
behavioural safety (e.g. behavioural audits, health and safety culture research). It is
worth noting that many of these activities are proactive and voluntary, i.e. they go
far beyond the sphere of practices defined by law (e.g. identification and analysis of
near misses). It is also very important to work on the awareness of employees and
to develop good working habits when working in exposure to harmful factors. Despite
their diversity, these activities are mutually consistent and in line with established
OSH management policies and objectives. The company is also successful in ensuring
broad employee participation in their implementation (e.g. a system of employee
initiatives has been launched, under which employees submit proposals to improve
safety). It is worth emphasising that, despite the wide range of activities undertaken
to improve workplace conditions, some company staff still work in environments
with high exposure to health-hazardous factors, both chemical and physical.

A very important element of the OSH management system in SIE is employee
training in OSH. The main objective of the activities undertaken by the company
in this area is to build the competences of employees necessary to achieve the current
and future objectives of the OSH system (e.g. reduce the number of work-related
accidents and occupational diseases). In accordance with the law, employees of SIE
are subject to initial and periodic training. The first ones are carried out before the
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employee is allowed to work. Their aim is to provide them with the knowledge and
skills necessary to perform their work taking into account safety regulations and
rules and to familiarise them with the hazards occurring at specific workplaces. This
training includes general instruction and on-the-job manual. Periodic training is
repeated during the employment. It aims to remind and consolidate OSH knowledge
and familiarise participants with new technical and organisational solutions.

In the SIE, many employees perform particularly dangerous work. Systematic
behavioural audits have shown that a significant percentage of irregularities and
dangerous behaviours have been found among workers operating blast furnaces,
where employees are exposed to many hazards, including liquid metal and chemical
agents. Failure to use personal protective equipment such as safety goggles or half/
full-face masks in such working conditions and any deviation from the safe work
procedure can cause workplace accidents, occupational diseases, or equipment failures.
Therefore, with the idea of continuous improvement, the company decided to increase
the effectiveness of its existing on-the-job training for particularly dangerous work
by using VR technology.

Picture 1. VR training station

Source: SIE’ internal materials.

The VR project started at the beginning of 2023 and is still in the testing phase
for volunteers (new and experienced workers) who want to test or improve their
skills. An external IT company, experienced in creating VR applications, was selected
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to prepare the VR training. The development process of the training began with
an analysis of workstation documentation as well as real-life observation, which
allowed the IT developers to familiarise themselves with the specifics of the process
to be transferred into the virtual environment. Then, the programming work began,
during which great emphasis was placed on strict mutual cooperation. As a result,
asimulation twin to the real processes of burning and plugging the copper drain hole
and working at height was created. The whole process of creating the VR training
took 6 months. VR goggles Pico Neo 3 Pro and a computer with a dedicated graphics
card are used during the training simulation (Picture 1).

There are two scenarios addressed to smelters and workers at height. The first
scenario is for learning how to burn and plug drain holes (Picture 2).

Picture 2. Burning a drain hole in virtual reality

Source: SIE’ internal materials.

It is an activity that is performed around 20,000 times a year by about 400
employees working in direct contact with liquid metals and harmful agents. The
activity requires the employee to be particularly careful, mentally and physically fit and
familiar with procedures. Erroneous operations may result in serious consequences
in the form of accidents at work, equipment failures and, consequently, technological
downtime. On the basis of the work standardisation cards, an application was
developed that allows employees to learn safe habits of dealing with dangerous
activities in virtual reality before they are allowed to work at a real workplace. The
participant of the VR training, using the tools available in the application, burns and
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plugs the copper drain hole. With the help of special goggles and pads, employees
train the correct sequence of movements and procedures for the operation of blast
furnaces. Dedicated software reflects the interior of the steelworks, taking into
account all elements of its infrastructure. Holding the controllers in hands, the
trainee can (literally) go through the entire technical process and perform all the
actions. In virtual reality, the employee is informed step by step about hazards
and possible emergencies. Messages about what to do in the event of a risk appear
in the application. The VR simulation for burning and plugging the copper drain
hole was divided into the following stages: (a) preparing the employee’s clothing and
identifying the elements of the scene, (b) preparing before burning, (c) burning the
drain hole, checking and plugging the trigger. It takes 1.5 hours for the participant
to undergo all the training in this scenario.

In the first stage, the user must take care of their own safety. To do this, one
becomes familiar with the necessary personal protective equipment. Next, the trainee
gets acquainted with the elements of the scene, i.e. the objects necessary to burn
and plug the trigger. This is a very important stage that makes the user aware of
the danger of the upcoming challenge. The second stage focuses on preparing the
necessary tools and checking the systems present in the steelworks. The user must
prepare the drain plugs and the oxygen hose, check the operation of the control
panels and the ventilation system, light a fire in a coke oven, check the patency of
the gutters. In this stage, the user is familiarised with all the steps that need to be
performed before proceeding to burn the drain hole. During the procedure, they
are informed about potential dangers resulting from failure to comply with their
duties or negligence. This part of the simulation is crucial for a safe and fluent
move to the next steps of the training. The last stage of the training proceeds with
the most dangerous activities. The task is to burn the drain hole and secure and
plug the trigger. Thanks to VR technology, possible mistakes during burning are
not dangerous for the trigger. Next, the user controls the trigger which means taking
care of the correct flow of liquid copper. The last task is to plug the drain hole with
a plug, several meters long.

In order to create a realistic simulation, it was necessary to reproduce the objects
in the smelter in 3D to create their digital twins. These objects are control panels,
gutters, ladle vans, oxygen hoses, and oxygen valves. It was also necessary to create
realistic graphic effects, such as liquid copper and sparks appearing during burning.
Interactions require the user to move around the scene, manipulate objects, and
react to processes.

The second developed scenario concerns health and safety training in working
at heights (Picture 3).
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Picture 3. Working at heights in virtual reality

Source: SIE’ internal materials.

As part of the training, three virtual sub-scenarios were prepared, including
a simulation of a fall from a height. Participants take on the role of an employee
cleaning the crane subgrade at height. They can experience a fall from a height due to
non-compliance with health and safety rules and test an action to help a colleague who
is hanging on a harness. Participants can train the correct behaviour and procedures
for performing work at heights, especially during unexpected dangerous events
to develop a set of correct, automatic actions in case of dangerous situations. It takes
about half an hour for the participant to undergo all the trainings in this scenario.

Training using both scenarios takes place with the assistance of an OSH instructor
and an employee experienced in a given job. They provide the trained employee with
comprehensive answers to all questions. They can observe the trainee’s actions because
a virtual image of the employee is displayed on the training room’s wall.

Procedures and data collection

Regarding the second element of the case study protocol, a detailed document
review was provided to describe the reasons, goals and content of VR training. It
included records, specifications, pictures, briefs, manuals and leaflets. Additionally,
interviews with persons responsible for the implementation and conducting of VR
on-the-job training in the SIE were conducted. Eighty participants’ observations
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during their initial and periodic obligatory OSH training were conducted. Finally,
physical artifacts, meaning VR equipment, were investigated and described above.

Guidelines for analysing data and reporting findings

As mentioned above, data was collected from a variety of sources. Each of them
had a focus on the specific part of case study description. It is described in Table 2.

Table 2. Sources of data collection and the focus

Source of data collection Focus

Scientific literature and | Familiarise with state-of-the-art knowledge about OSH training as
national regulations an essential element of modern management of employee safety and
review health and the use of VR technology in this area.

Company documentation | Describe thoroughly the procedure and content of VR on-the-job
review training, their goals, recipients, planning and implementation
processes and incorporation in company's OSH procedures.

Participants’ observation | Analyse the attitudes towards VR training, relationships between
users and the VR technology, advantages and disadvantages for users
(blue-collar workers) while doing the VR training.

Interview with VR Acquire in-depth view on how the training idea was developed and
training specialist applied into OSH standard procedures, how blue-collar workers have
been dealing with the technology and what improvements (if any)
were applied since the beginning of the VR training project.

VR equipment Experience physically the same sensations as the participants'
investigation experience during the training, and explore the equipment in order
to analyse its ergonomics, user-friendliness etc.

Source: own study.

The collection of data from a variety of sources led to an application of the
triangulation approach in order to compare and complete the information about
the analysed case study.

The answers to the first and second research questions were based mainly on the
company’s documentation analyses and an interview with the training specialist and
compared with the literature review. The main sources of information towards the
explanation of the third and fourth research questions were participants’ observations
and an interview with a training specialist, as well as a VR equipment investigation.
Additionally, the analyses were juxtaposed with the findings from the human-VR
interaction literature.

The last research question was discussed on the basis of the company’s
documentation investigation, especially the establishment of strategic and operational
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goals of OSH and regulations towards the diminution of accidents at work. Additionally,
the material from the interview complemented the content of the discussion.

The discussion of stated research questions

Regarding the first research question, the purpose of using OSH training based
on VR for SIE blue-collar workers is to increase the effectiveness of on-the-job
training, teach employees the code of conduct in particularly hazardous work and
develop good habits before starting employment in the natural environment. The
most important goal of the training is to create fixed or even automatic behavioural
patterns containing complete and accurate sequences of behaviour in hazardous
conditions. The result of creating such a pattern of behaviour is the ability to control
actions even in situations of high stress and unpredictable environmental conditions.
The long-term goal is to shorten the training process for new employees and achieve
high performance, low accident rates and downtime. It takes about 2 years to train
a trigger to be a confident worker. This is the time needed not only to acquire the
necessary skills, but also to experience all possible and unforeseen situations. It is
expected that the tested VR training scenario will allow for much faster achievement
of these goals.

Considering the effectiveness and efficiency of the VR training on a variety of
aspects mentioned in the second research question, the initiative is still in the testing
phase, mainly by volunteers, which means that systematic analyses of effectiveness
and efficiency based on the analysis of accident reduction, production shortages, and
increase in production quality, as well as performance have not been carried out yet.

Currently, training is also not an effective tool for newcomers to increase the
pace of skill development in the workplace because, above all, experienced workers
voluntarily test the VR training scenarios to express their opinions and feedback.
Although systematic surveys of participants’ satisfaction or engagement have not been
carried out, the volunteers, especially younger ones, expressed their eagerness and
engagement during VR training and these positive experiences may also impact
their well-being. Additionally VR training allows one to effectively engage the user’s
muscle memory. The movements that were practised in virtual reality correspond
exactly to those activities that are used at work. Thus, the effectiveness of motor
coordination required at work in reality is much higher than if the worker operated
only on the instructions acquired during theoretical demonstrative training.

Although there is no direct evidence of positive results of VR training on
effectiveness or efficiency in OSH areas there were some comparisons conducted
in the area of safe behaviour at work. Previous systematic observation of employee
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behaviour at workplaces revealed that about 11% of blue-collar workers had
contributed to dangerous behaviours. These mainly concerned the incorrect use of
personal protective equipment (e.g. dust respirators, safety goggles, face shields).
These behaviours were increasing the likelihood of accidents at work and occupational
diseases. A year after the implementation of VR training, the percentage of dangerous
behaviours decreased to 4%, which might indicate the effectiveness of the training
in terms of building employee awareness to take care of their own health, as well as
raising the level of safety culture in the company. However, it is not known whether
it was VR training, as it was one of many tools used for improving the safety culture,
along with mandatory OSH training, lectures, the use of tools to increase awareness
in the area of occupational safety regarding the correct fitting of personal protective
equipment, such as the PORTACOUNT device for checking the tightness of the
fit of respiratory protection, and the EARfit device for checking the fit of hearing
protection. Resuming the above considerations, more robust and evidence-based
investigations must be carried out to assess the level of effectiveness and efficiency
of VR training on OSH, performance, development and well-being.

With regard to human-technology relations (third research question), a higher
level of engagement and curiosity was observed during VR training in comparison
to standard training based on oral explanations presentations and lectures. Workers
who participated in both types of training assessed VR sessions as visually attractive,
engaging and up-to-date. They appreciated the scenarios as reflected well in the real
working conditions of the workstations at the furnace or in heights. The trainees
also emphasised that VR training provided a higher increment of self-confidence
and self-efficacy right after training compared to traditional training methods. Even
though they did not participate in creating scenarios, they were asked about their
opinions, concerns and feedback, which are systematically analysed and will influence
the future development of this type of training in the company.

The weaknesses of the VR training, mentioned in the fourth research question,
were analysed regarding the content and the users’ reactions. As for the first one,
there is alack of the sensation of heat (in the real workstation, the temperature in the
furnace exceeds 1400 Celsius degrees), however the image and sound are similar
in the VR scenario. The controllers are standard in weight so they do not reflect the
real weight of the work tools. Finally, the participant is not dressed as in real work
when they wear heavy metallising coats to protect against heat and sparks which
strongly restricts movements and is uncomfortable. The other types of problems
related to VR training were related to negative bodily sensations such as cyber-
sickness (dizziness and problems in keeping balance due to disorders in a labyrinth).
Those workers refused further training and resigned from voluntary participation
(however, these were -individual cases). It was also noticed that older employees
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are more resistant to VR-based training. However, their initial fear and hesitation
disappear if an appropriate atmosphere is provided during training and more time
for instruction.

The described VR training is still in the testing phase, however, plans for the
future are prepared. Answering the fifth research question, the company considers
transforming other dangerous processes into VR reality, both the entire processes and
specific parts of them. It is also considered to train new employees or those returning
to their duties after along break and those who have fallen into a dangerous routine
while performing their duties for many years. A special platform for VR training was
ordered, a specialised workstation for working at height - it is designed to protect
the employee from falling over during the training.

Conclusion

The literature review on the subject shows that the interest in using immersive
technologies like Virtual Reality for OSH training is growing every year. Various
studies concluded that VR has great potential to be effective for OSH training and
can, therefore, complement or replace traditional OSH training methods (Babalola
et al., 2023).

The company analysed in this article is characterised by a comprehensive approach
to managing employee safety and health. It constantly improves its activities in this
area and seeks innovative solutions to prevent or minimise the risks of workers
experiencing adverse OSH outcomes, such as injuries, illnesses, and fatalities. In
addition to many already implemented activities, the company has introduced VR
technology in on-the-job training for employees involved in particularly hazardous
work. VR-based training complements the previously applied solutions in the field
of OSH training. The project began in 2023 and is currently in the testing phase.
However, the conducted case study allows the authors to posit that VR-based OSH
training will become a permanent element of the safety culture within the analysed
enterprise. Nevertheless, actions are necessary to address the weaknesses identified
in this article, with a particular emphasis on assessing the effectiveness of VR
applications at each of the four levels: reaction, learning, behaviour, and results
(Kirkpatrick, 1994).

The authors wish to emphasise that relying on a single case study to demonstrate
the application of VR in occupational safety training might limit the broader
applicability of their findings. Although case studies provide deep insights, their
unique characteristics often mean that results may not be universally applicable
across different industries or within various companies in the smelting sector.
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