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and Lina Girdauskienė1
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ABSTRACT

Rapid development of digital technologies has enabled significant advances in the
training of employees working in hazardous conditions. Virtual Reality (VR) technolo-
gies have made it possible not only to make the training process less expensive, but
also to transfer it to a safe space. Employees, when working in hazardous conditions,
often must deal with complex technical operations and at the same time strictly fol-
low occupational safety rules and work procedures. The paper examines the impact of
time spent on tasks and stress (based on biomarkers: HR, HRV, GSR) on safe behavior
in skills’ training by simulating work in dangerous conditions in VR. In doing this, 50
experiments were conducted testing VR applications for work in hazardous conditions
in the construction sector. The results of the study showed that stress and time spent
on tasks affect safe behavior at work (number of errors) when working in hazardous
environments. Immersion in VR was assessed using the adapted Slater-Usoh-Steed
questionnaire (SUS), and, based on the interview after simulation, insights were pro-
vided on how to enhance the immersion in VR applications for training of employees
working in hazardous conditions.
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INTRODUCTION

Despite predictions that robots may replace up to 800 million employees
worldwide by 2030 (McKinsey, 2017), the number of accidents at work is
worrying. Every year, more than 2.78 million people die from occupational
accidents and work-related diseases, while an additional 374 million suffer
from non-fatal occupational accidents (ILO, 2019). Moreover, the statistics
show that this number is growing compared to 2.3 million deaths due to
occupational accidents and another 317 million non-fatal accidents at work
in 2011, (ILO, 2011). The International Social Security Association (ISSA)
estimates that the cost of non-fatal accidents at work alone is approximately
4 percent of global gross domestic product (GDP) each year (ISSA, 2014).
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This encourages paying attention both to the tightening of safety require-
ments at work, especially when working in hazardous conditions, and to the
implementation of the preventive safety policy, emphasizing the elimination
of the causes of accidents due to the human factor. Thus, skills’ development
of employees working in hazardous conditions becomes a key point ensuring
occupational safety and achieving zero injuries at work.

Rapid development of digital technologies has enabled significant progress
in the training of employees working in hazardous conditions. VR techno-
logy made the training process less expensive and moved it to a safe space.
Moreover, dangerous jobs are often associated with certain phobias that
the trainees may not be aware of, whereas careless actions, overconfidence,
and hurried completion of tasks can lead to unsafe behavior at work and
injuries as a result. The training of skills when working in dangerous con-
ditions in the VR space enables ensuring safe training as well as registering
the parameters describing the trainee’s actions (mistakes, time spent on task,
stress). Having information about the progress of training, it is possible to
identify the lacking knowledge, regulate the pace of training and assess the
psychological readiness to work in dangerous conditions.

The purpose of this paper is to examine the impact of time spent on tasks
and stress (based on the following biomarkers: heart rate, heart rate vari-
ability, and galvanic skin response) on safe behavior in skills’ training by
simulating work in dangerous conditions in VR.

Framework for VR-Based Tool for Simulating Work in Dangerous
Conditions

With the emergence of new technologies, the work environment is rapidly
changing, and increasingly more researchers are focusing on both the bene-
fits provided by technological progress and the emerging new tension zones
(Ehnert et al., 2014) and the new challenges posed to employees who often
have to deal with complex technical operations and remain rational and
responsible while working in dangerous conditions(Grzywacz et al., 2016;
Fang et al., 2016).

Recent studies (Ahmady et al., 2021; Mata et al., 2021; Cappitelli, 2020)
highlighted the links between time, stress, performance, and risky behavior
at work. Scharf et al. (2001) argued that the most dangerous work environ-
ments had one thing in common - constant change. Abdalla et al. (2017),
besides such sectors as agriculture, manufacturing, mining, and transport, in
particular singled out the construction sector, where many different types of
hazards occur at the same time: electricity, noise, confined spaces, heights, etc.
Scharf et al. (2001) distinguished a number of key features of hazardous work
environments: (1) controllability and degree of control, (2) predictability, (3)
hiddenness, obscureness, difficultness to detect, unexpectedness, (4) moving
or movable — fixed or unrestricted path, (5) degree of speed and force, and
rate of change, (6) dynamic work process as a hazard, (7) multiple, intera-
cting hazards, (8) human-generated hazards. The studies have shown that
accidents at work are often related to the individual characteristics of emplo-
yees. Individuals have different susceptibility to workplace injuries, and this
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variability is related to professional competence and individual characteri-
stics (Schulte et al., 2012; Abdalla et al., 2017). Many studies have found
that occupational accidents and injuries are more common among younger
workers (Breslin et al., 2011; Okun et al., 2016), while workers with low
levels of education (Breslin, 2008) are consistently at increased risk of injury.

The research (Ahmady et al., 2021; Mata et al., 2021; Cappitelli, 2020;
Abdalla et al., 2017; Živković and Veljković, 2019) revealed that stress
is one of the most important indicators of safe and efficient work. Leung
et al. (2012) determined that stress can be caused by inappropriate safety
equipment and insufficient training, i.e. lack of knowledge and experience.
Moreover, various phobias can affect work safety: agoraphobia - fear of open
spaces and crowds (people); acrophobia - fear of heights; claustrophobia
- fear of a (narrow) space; pantophobia - fear of everything that can hap-
pen; pseudophobia - fear whose existence is yet unproven, etc. (Živković and
Veljković, 2019). Based on these studies, it can be argued that stress is a cri-
tical indicator on which to base a personalized trainee-centered work skills’
training tool for working in hazardous conditions.

Chenarboo et al. (2022) found a significant relationship between the time
allotted for completing the tasks and safety behaviors. However, the speed of
task completion is often related not only to the time needed for completing
the tasks, but also to the decision made by the employee. Different people
have different risk tolerance. Research findings of Zhang et al. (2020) in the
construction sector showed that construction workers’ personality traits, risk
propensity, and unsafe behavior were interrelated.

In the case of unreasonable risk, the individual may also become stres-
sed due to the inability to cope with the task. Luger (2013) pointed to the
Health Beliefs model, which emphasizes the importance of 8 competencies
that ensure safe behavior at work. Competencies such as perceived suscepti-
bility, perceived benefits of taking action, perceived barriers to taking action,
cues to act, etc. should be noted.

Most of the research carried out so far has used the traditional approach
and sociological surveys - opinion research. However, modern technologies
make it possible to eliminate the subjectivity aspect inherent in opinion polls.
The problem of subjectivity can be solved by using VR technologies and
by applying the monitoring of the individual’s psychophysiological chan-
ges when the corresponding biosignals are registered and processed. VR can
produce dosed stimuli to which the individual’s response is reflected in the
parameters of autonomic nervous system (ANS). Recording of the ANS has
been quite successful in trying to determine the level of stress (Cho et al.,
2017). In addition, by simultaneously recording errors and the time during
which tasks are performed, assumptions can be made about the level of
mastering of skills when working in hazardous conditions and the need for
further training can be identified.

Protocol of the Experiment

The purpose of the experiment was to examine the impact of time spent
on tasks and stress (based on biomarkers: heart rate, heart rate variability,
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and galvanic skin response) on safe behavior in training skills by simulating
work in dangerous conditions in VR. In doing this, 50 experiments were
conducted.

The experiment was carried out according to a pre-prepared protocol:
1) 10 minutes of general calm in the waiting room, filling in the general data
form; 2) 5 minutes were then spent to instruct the respondents on the use of
VR and biometric data measurement devices; VR headsets and biometric data
measurement equipment were put on, and the questions were answered (labo-
ratory); 3) the experiment (maximum 90 minutes), when the respondents
performed the tasks (laboratory); 4) short feedback about the first impres-
sion of the respondent (laboratory); 5) 10 minutes of relaxation, filling in the
form of immersion in virtual reality and unstructured short interview in the
waiting room.

The experiment consisted of three stages: a) the instruction, when the
respondent performed the tasks while listening to the audio recording with
the possibility to ask the instructor for help; b) independent performance
of tasks (training) without the possibility of asking the instructor for help;
c) independent performance of tasks (assessment of skills) - data (mistakes,
time spent on task, and biomarkers) were recorded.

Task scenarios for working in dangerous conditions consisting of four
different task stages have been prepared for conducting the experimental
research: 1) putting on safety equipment; 2) tidying up the workplace;
3) assembly of scaffolding; 4) climbing the scaffolding. Figure 1 shows
examples of VR applications.

Critical (CE) and non-critical (NCE) errors were registered at each task
stage: 1) putting on safety equipment (maximum number of errors: CE = 9;
NCE= 0); 2) tidying up the workplace (maximum number of errors: CE= 2;
NCE = 6); 3) scaffold assembly (maximum number of errors: CE = 3;
NCE = 0); 4) climbing the scaffolding (maximum number of errors: CE = 6;
NCE = 0). Time spent on independent performance of tasks was calcula-
ted (assessment of skills). Heart rate (HR), heart rate variability (HRV), and
galvanic skin response (GSR) were also recorded. Based on biomarkers, stress
was estimated and presented in ranks.

Figure 1: Examples of VR applications.
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Table 1. Descriptive statistics.

N Minimum Maximum Mean Std. Deviation

Critical errors (CE) 50 .00 9.00 5.1522 2.33183
Non-critical errors
(NCE)

50 0 2 1.02 .257

Sum of critical and
non-critical errors

50 .00 10.00 6.1739 2.34454

Time 50 373 4124 858.89 583.332
Stress 50 .00 3.00 1.6141 .96711
Valid N (listwise) 50

The classic Slater-Usoh-Steed (SUS) scale (Usoh et al., 2000) was used
as the basis for the questionnaire to assess the immersion in virtual rea-
lity. Six questions were formulated: V1- immersion in VR (V1.1 - reality of
working conditions, identifying with the real workplace, tasks, etc.; V1.2 -
reality of visualization of working conditions; V1.3 - clarity of the tasks);
V2 - VR equipment-related challenges, i.e. convenience of equipment, non-
interference with the performance of tasks; V3 - subjective stress (V2.1 -
feeling of constant stress; V2.2 - feeling of random stress associated with
certain stimuli).

Integrated quantitative data from questionnaire surveys and laboratory
experiment were analyzed using IBM SPSS Statistics 25.0 software. The
analysis of the normality of the quantitative research results made it possible
to select suitable methods for further data analysis. Correlation, linear and
multiple regression analyses were performed, whereas the multidimensional
analysis enabled revealing the linkage and dependencies of parameters, and
presenting a visual generalization of the results. Analysis of the qualitative
research findings allowed disclosing the diversity of the opinions of respon-
dents about training in hazardous conditions in VR and identifying critical
areas for improvement of the tool.

RESULTS

Totally, 50 respondents, 32 men and 18 women, participated in the study.
Twelve respondents had no work experience in dangerous working conditi-
ons, 11 respondents had more than 10 years of work experience in dangerous
working conditions. The maximum possible number of critical errors (CE)
was 21, the number of non-critical errors (NCE) was 6. During the experi-
ment, the number of critical errors made by respondents ranged from 0 to 9,
and non-critical errors – from 0 to 2. There was very large dispersion of time
spent on tasks (from 373 to 4124). Stress was measured on a 4-point scale
and the respondents’ stress level ranged from 0 to 3.

The correlation between the main constructs of the study (number of
errors, time, and stress) showed the existence of an inverse relationship betw-
een the number of errors and time (−.288, p < 0.05)) and between time and
stress (−.390, p < 0.01), which allows the regression analysis.
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After carrying out a multiple regression analysis, it was found that time and
stress explained 8.3% of all errors and 5.7% of critical errors. This suggests
that there is a dependency, but does not imply valid conclusions. Meanwh-
ile, time and stress explained as much as 72.5% of non-critical errors, and
validated the model as being of high statistical significance.

It can be assumed that the respondents have a good grasp of essential kno-
wledge, but the lack of experience implies stress and a need for more time, as
a result of which small mistakes are made.

Multidimensional Scaling (PROXSCAL) analysis was used for data inter-
pretation. A Euclidean Distance Model was constructed integrating the
following parameters: errors (sum of critical and non-critical), time, stress,
and challenges caused by VR equipment. The data of 6 respondents were
removed as outliers identified by testing the normality of the data.

Multidimensional analysis enabled explaining some relationships. Some
correlations were found between time and sum of errors in certain stages;

Figure 2: A multiple regression model of the effects of time and stress on non-critical
errors.

Figure 3: Multidimensional analysis integrating errors, time, stress, and VR challenges.
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however, in the final constructs, time correlated only with non-critical errors.
Looking at the results of individual respondents, it can be seen that some
of the respondents who completed the tasks quickly made mistakes, while
others did not. Similarly, some of the respondents who performed the tasks
slowly also made mistakes, whereas the others did not. Paradoxically, most
of the respondents who performed the tasks incorrectly had not felt much
stress, while the group of really experienced high climbers, probably due to
the stress possibly caused by controlling the VR equipment, could not cope
with the tasks quickly and without the mistakes. There is a significant corre-
lation between age and challenges related to VR equipment (.403, p < 0.01),
and this demands spending more time getting used to working in a VR envi-
ronment. This is also evidenced by the links between the challenges of wearing
the VR equipment and the number of mistakes. Basically, significant corre-
lation was recorded in the first stage, which allows for the assumption that
there were problems with the operating the VR equipment. In addition, sta-
tistically significant correlation between VR equipment operation and time
in the third stage was recorded. This was the most complicated part of the
tasks (building the scaffolding) and as it later became clear from the experie-
nce of the respondents during the interviews, this is where the VR equipment
operation issues arose.

Assessment of the immersion in virtual reality is presented in Figure 4.
After filling out the questionnaire for assessment of the immersion in VR,

an interview was conducted with the research subjects in order to find out
the experiences of those who participated in the experiment and to get the
insights for improving the layout of the training tool for skills’ training when
working in dangerous conditions. This also led to an understanding of the
immersion in VR of research subjects. When examining the first category -
VR immersion (V1), all three subcategories were rated highly. However, at the
very beginning of the tool development, there was a discussion about whether

Figure 4: Assessment of the immersion in VR.
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everything could be transferred to the VR space, or maybe, for example,
putting on safety equipment could be done ‘live’. The last option was chosen;
however, this stage was skipped during the experiment, and this was noticed
by the respondents:

“<...> I think it is important to put on high-climbing equipment, I would
say that it is even the basics, without which there is no step. It is not
emphasized here. There is a Snap-hook fastening, but it’s more of an
emphasis on the fact, because you can’t do it otherwise in VR” [R12]
“I missed the beginning, in reality here you start with organizing the

workplace, and there is no belt check, no actual putting on of them. I
just don’t know how to solve it, how to teach it in VR, how to do it and
to check whether they know how to do it” [R23]

There was a proposal to introduce a ‘visualized test’ asking the resea-
rch subjects to choose one answer from several options. It was proposed to
present the options of the answers in both visual and verbal form, e.g. by
presenting several belt options, indicating both their validity and showing
their defects in pictures. Considering the limitations of VR, the evaluation of
the wearing of safety equipment should still be carried out during this phase
‘live’, for example, before the start of the VR training session. However, it is
advisable to establish the fact that safety equipment has been put on.

In general, the respondents emphasized the logical consistency of the tasks.
Furthermore, some respondents observed that the training material could be
more diverse, covering more aspects, because the same tasks were repeated
in training and in the examination; the only difference being that there were
no instructions [R2; R8; R15; R24; R30]. In response to these comments, it
is suggested to create modules focused, for example, on the specifics of the
work of a surveyor-electrician or surveyor-telecommunications engineer.

The instructions were characterized as very clear and useful:

“<...>short and clear instructions, if you don’t understand something,
you can press the Repeat button” [R29]
“<...> it’s really clear, I can’t find any faults<...>” [R3]

The research showed that there were VR equipment-related challenges
(V2). It has been noted that experience with VR has a significant impact
on training success. Depending on the existing VR experience, it is sugge-
sted to lengthen or shorten the duration of time allocated for mastering VR
equipment and basics of behavior in VR space. Some research subjects noted
the link between age and lack of skills when acting in a VR environment:
“Really good. Only the younger will find it easier than the older” (R2). The-
refore, it is necessary to pay attention to this when training respondents to
work with VR equipment, allocating more time and providing more detai-
led instructions, and ensuring that the research subjects is familiar with them
and that technical questions will not arise during the task performance. This
is especially relevant seeing that there were such comments:

“I’d rather have climbed it live... Well, the kids would love it, I wouldn’t.
For young people here, where they sit on computers.” [R4].
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Subjective stress included the assessment of two subcategories: constant
feeling of stress (V3.1) and occasional feeling of stress associated with cer-
tain stimuli (V3.2). It should be noted that the averaged estimates for both
subcategories were not very high, although some people felt very high stress.
Nonetheless, there were suggestions for modeling stronger sensations:

“And in the end, if you put it (scaffolding) in a bad way, it would be cool
to model the collapse.” [R46]
“<...>a shock would be needed to simulate a fall if the scaffolding was

built badly, it would be really healthy, I speak from experience, because
I build and climb scaffolding myself.” [R18]

However, these suggestions are debatable because of the potential negative
effects of redundant effects. According to Xi et al., (2022) additional stimuli
cannot be misused in the VR environment; their excess has the opposite effect,
regardless of the introduction of sound and sensory effects imparting realism
at a first glance.

The respondents noted that the tool for training of skills when working
in dangerous conditions could be used both for training to work in dan-
gerous conditions as well as for improving and refreshing knowledge and
skills, and for testing. It should be noted that younger respondents especially
emphasized that this tool was innovative and timely:

“Very cool. When climbing, the legs actually bent. Really worth using in
training, very interesting.” [R27]
“<...> {such a system} has been needed for a long time, it needs to be

interesting to learn, it needs to keep pace with innovations.” [R44]
“I think in five years we’ll learn only in such innovative way. Look,

all the kids are immersed in VR, it’s already everyday life for them.Well,
maybe it will be more difficult for older people, but after all, in any job,
technology is developing rapidly, and you have to master it, otherwise
you will simply drop out from the {labor} market.” [R31]
“If you told me that there were some options like trainings in VR and

training online or lecture, I would definitely choose VR. Here is a great
possibility to attract customers.” [R15]

CONCLUSION

The results of the research substantiated the main parameters of the tool for
skills’ training the skills when working in dangerous conditions, and enabled
formulating specific empirically based proposals for both the technical speci-
fication of the product and the development of skills training programs. The
results of the study showed that stress and time spent on tasks affect safe
behavior at work (number of mistakes) when working in hazardous environ-
ments. Creating an immersive work environment in a VR space ensures deep
experiential learning, fully involving the trainee in an interactive learning
environment.
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