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Background: Employees in high-risk occupations are exposed to tremendous work stress that hinders organizational effectiveness
and personal mental health. Based on positive psychology, courage can be considered a protective factor that buffers the adverse effect
of high-risk surroundings on employees. However, little is known about the way courage is simulated or evaluated in response to
safety concerns. Virtual reality (VR) is an accessible tool for courage simulation due to its immersive qualities, presence and
interactive features and may provide a promising pathway to achieve a scientific, accurate and ecologically valid evaluation of high-
risk employees.

Methods: The sample consisted of 51 high-risk employees who were recruited voluntarily. Before and after experiencing the VR
courage scenarios, the participants completed the VR features questionnaire, the Physical Courage at Work Scale (PCWS), the
Courage Measure (CM), and the Positive and Negative Affect Scale (PANAS). During the process of watching the VR courage
scenarios, the participants’ heart rate and skin conductance at resting-state baseline and during virtual courage scenarios were recorded
through HTC VIVE Pro Eye and BioGraph Infiniti 8.

Results: The results support the hypothesis and reveal that the interaction, immersion and presence scores of the scenarios were all
significantly higher than the median 4 points. The score for the CM in the posttest was significantly higher than that in the pretest. The
scared and afraid scores for the posttest were significantly higher than those for the pretest. The heart rate and skin conductance of each
scenario showed an increase compared with the baseline. The Pearson’s correlation between physiological indicators and the score of
the PCWS was 0.28~0.54.

Conclusion: This study developed virtual courage for high-risk occupations based on well-established theory and VR technology.
Experimental data revealed that the paradigm conformed to the requirements of VR features and was able to activate fear and evoke
the quality of courage. Thus, the virtual courage paradigms have good validity in simulating scenarios for high-risk employees, which
might accelerate organizational effectiveness while buffering working stress.
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Introduction

High-risk occupations (eg, firefighters, soldiers, policemen, paramedics, blue-collar workers, miners) have rates of nonfatal
injuries and illness that are more than double the rate per 10,000 national full-time workers in addition to the risk of trauma or
physical threat because employees are often exposed to injury or death during their daily work.' ™ For instance, soldiers face as
many as 15 combat threats, such as “attacked or ambushed” and “received incoming fire”.® For firefighters and paramedics,
researchers have used principal component analysis methods from 33 incident stressors and identified 5 components:
catastrophic injury to oneself or a coworker, gruesome victim incidents, rendering aid to seriously injured/vulnerable victims,
minor injury to the self, and exposure to death and dying.” From the perspective of cognitive neuroscience, when human
beings encounter threats, they engage in defensive behaviors. These freeze, flight and avoidance behaviors can enhance
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people’s chances of survival in life-endangering situations.® That is, defensive behaviors, as evolutionarily adaptive responses,
can help people avoid potential danger.9 However, in dangerous occupations, employees must endure risks to accomplish their
duties or mission. These risks may undermine employees’ subsequent health by producing physical, psychological and
behavioral dysfunction and may hinder organizational efficiency and productivity. Andersen (2019) investigated 2678
employees who were exposed to work-related violence and threats and found that 13.9% of employees reported short-term
PTSD and 17.9% reported long-term PTSD.'® The COVID-19 pandemic, which has been perceived as a traumatic stressor for
physical, emotional and cognitive threats, has had detrimental mental health impacts on frontline paramedics.''?
A systematic review reported that in a sample of 22,380 frontline healthcare workers, the prevalence rates of depression,
anxiety and stress were 24.3%, 25.8%, and 45%, respectively."® Additionally, people in risky workplaces experience an
increased risk of mental health sequelae, which in turn predict subsequent deterioration in job satisfaction, involvement and
organizational commitment and may lead to a decline in work-related and organizational effectiveness.'* Consequently, the
paradox between performing obligatory hazardous duties and instinctively defensive behaviors remains. A predisposition to
courage might provide enough inner strength to perform the appropriate behaviors in high-risk circumstances.’

Courage is an ancient virtue, and recent investigations into implicit theories as well as related experimental studies of
courage have introduced an empirical approach to studying the topic.'> From the perspective of positive psychology,
courage is considered a character strength.'® Rate et al systematically reviewed the 29 definitions in existing studies of
courage and identified four necessary components of implicit theories of courage: risk, perceived fear, intentionality/
deliberation and noble/good act.'> Additionally, Norton noted that courage should be defined as a behavioral approach
despite the experience of fear, which can be considered a state of courage when facing a risk that can evoke fear.'”
Howard expanded courage into a specific realm, physical courage, and suggested that under the threat of physical health,
individuals take actions to complete their duties, responsibilities, and organizational goals to save others from casualty
despite the risk of harm to the individual’s physical health.® Based on various theoretical hypotheses, a number of studies
have proven that courage can promote individuals’ well-being and organizational efficiency in certain dangerous
occupations. For example, Howard et al’s study enrolled 368 United States Air Force Academy cadets and showed
that when accounting for irrelevant variables, physical courage was significantly related to military performance. In
addition, Rachman’s research clearly showed that among bomb-disposal operators, parachutists and veterans, a higher
level of courage led to a better level of mental and physical well-being and operational performance.'® In addition,
positive psychologists have linked courage to well-being and life satisfaction and the alleviation of depression and
distress.'” Therefore, it is essential to enhance the predisposition to courage, which can promote and accelerate
organizational effectiveness and individual well-being for employees in high-risk workplaces. Nonetheless, traditional
studies have mainly focused on psychological intervention and emphasized the pathological angle.” These studies lack
ecological validity to potentially simulate high-risk operating environments.>’ The main components of courage are risk,
perceived fear, intentionality/deliberation, and noble/good act; thus, the core elevating strategy was to establish a risky
workplace in which subjective fear was activated and then provide a choice of whether to fulfil a noble/good duty or give
up. However, for high-risk surroundings, a trade off exists between the perfect training effect and safety concerns. With
the development of new virtual reality (VR) technology, this puzzle awaits a promising solution.

VR is an accessible approach for courage simulation due to its immersive presence and interaction features. It is
a computer simulation technology that can interact with users in the “real” environment (vision, hearing, smell, etc.) through
computer-generated 3-dimensional stimulation.”' Immersion is the degree of physical stimulation to the sensory systems and
the sensitivity of the system to motor inputs, which involves the objective input of a physical stimulus. Its level mainly
represents the physical attributes of the input stimulus.?' The psychological product of technological immersion is presence,
namely, the psychological sensation of being in the virtual environment instead of the physical environment. Presence allows
users to react to stimuli even if they consciously know they are in a nonreal-world environment, and the brain response is
similar to that in the real environment.* A previous study showed that there were no significant differences in pride, joy, awe,
disgust, fear, or sadness between virtual situations and real situations, since different emotion-induced patterns are highly
correlated with presence in virtual environments.> Finally, interaction reflects the process by which users interact with the
virtual environment through external devices by using highly sensitive headsets and spatial positioning and tracking systems.
The user is set as the reference frame from the first-person perspective. By tracking the user’s head and body movement, the
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sensor sends the monitored user position parameters to the computer to realize the interaction between the user subject and the
virtual environment. Furthermore, users can interact with specific tasks in the virtual environment through external handles,
rifles and other controllers to realize the specific operation steps of psychological training.>* Virtual environments provide an
interface that allows employees to be immersed within controlled stimuli (visual, auditory, motor and haptic conditions) in
which the contexts are relevant to the real world; they affect individuals’ nervous systems and facilitate new possibilities for
behavioral and emotional modification with the same effectiveness as real stimuli.”*** Furthermore, a systematic review
indicated that stress management training can significantly inhibit the sympathetic nerve activity of soldiers under virtual
battlefield conditions and activate parasympathetic nerve activity through training of relaxation techniques and reappraisal
strategies.”> There is increasing evidence that VR technology is effective in psychological training for management, such as
emotion regulation,”® resilience’ and stress.”” Regarding courage, related research has noted that psychological and
physiological indicators can be evaluated on the bravery spectrum. Norton and Howard suggested that reliable and valid
psychological questionnaires, the Courage Measure questionnaire'’ and Physical Courage at Work Scale® can assess
individuals’ levels of courage based on their theoretical hypothesis. In addition, fear and intentionality/deliberation are
prominent subordinate components of courage. Therefore, subjective fear ratings and the decision to continue or retreat are

18,2 . 2931
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behavioral indicators of courage that emphasize fear ratings when people encounter risk situations that
might be detrimental to their physical fitness. On the one hand, fear is an adaptive emotion that allows human beings to remain
alert to danger; nevertheless, overwhelming terror is thought to have maladaptive functions in terms of both cognitive and
behavioral responses.”® According to studies of soldiers, the more valorous military personnel are, the greater they endure
adverse fear’> and know how to control or recover from this fear.'"® On the other hand, courageous people experience less
behavioral avoidance; for example, individuals with greater courage move closer to spiders.'” Similarly, physiological
indicators mainly focus on variations in specific brain regions, skin conductance, and heart rate. Nili et al noted that the
mechanisms of courage in daily life are associated with activity in the subgenual anterior cingulate cortex (sgACC) and inhibit
the amygdala,* which is implicated in processing fear and retreat and plays a role through the generation of autonomic
responses to attenuate skin conductance and heart rate.”*~*> That is, simulating high-risk workplaces using VR technology may
adequately represent a risky workplace by activating employees’ fears and strengthening their courage, leading them to
overcome or endure fear to achieve a duty or noble goal unless they give up when accompanied by the monitoring of
psychological, behavioral and physical indicators of the training effect.

Taken together, employees in high-risk occupations can be exposed to overwhelming stress level, which deteriorates mental
health and hinders simultaneous organizational effectiveness. Those in high level of courage would be more likely to cope the
detrimental effect by the intention of effective acting under conditions of fear towards the noble goals in high-risk surroundings.
Therefore, it is essential to improve and implement courage. However, since safety concerns limit the authenticity and intensity
of training effect, VR technology could simulate the high-risk environment by playing an illuminating tool.

Thus, to prevent psychosocial dysfunction and organizational ineffectiveness among employees who have been
exposed to traumatic events in high-risk settings, a possible protective approach related to courage simulation needs to
be identified. Although many studies have focused on psychological skill maintenance,?>* few have directly focused on
courage paradigms. Considering the above, VR courage paradigms are needed so that people in high-risk occupations can
avoid injuries from the real world while strengthening their inner courage despite overwhelming traumatic stress and
organizational ineffectiveness. Accordingly, the VR courage scenario will induce a sense of fear in high-risk employees’
in an attempt to evoke their physiological responses and subjective feedback. Our hypothesis is that virtual courage
paradigms using VR are statistically reliable and valid for high-risk employees.

Methods

Participants
The participants included 51 high-risk employees who were recruited voluntarily and anonymously (gender: 10 female,
41 male; age+SD:18.43+1.93, range 18-29). We chose our participants from among firefighters due to their high-risk

35,36 38

professional properties, such as rescuing individuals during disaster’’ and providing emergency medical service.

The inclusion criteria were as follows: 18 years old or older, right-handed, no history of mental or psychiatric illness,
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visual acuity or corrected visual acuity of 1.0 or above, normal hearing, willingness to participate in the study, and
signing the informed consent form. The exclusion criteria were participating in another experimental study within the
past 3 months and 3D motion sickness that made the individual unable to cooperate with the experiment. The study was
approved by the ethics committee of Army Medical University and complies with the Declaration of Helsinki (No. 2020-
024-03). The participants provided written informed consent before completing the questionnaires and experiments.

Dependent Variables

VR Measurement

To measure immersion, we used a Game Engagement Questionnaire®® by McMahan. Similarly, to measure perceptions of
presence, we administered the Slater-Usoh-Steed Presence Questionnaire.*® Interaction was assessed with the Perceived
Behavioral Control and Perceived Ease-Of-Use subscale from Chang’s study.*'*** Twenty-five items were used with
a 7-point Likert scale. In the current sample, the Cronbach’s a coefficients of the subscales were above 0.80, 0.83, and
0.81, indicating good reliability.

Courage Measurement

Courage was assessed with two questionnaires: the Physical Courage at Work Scale (PCWS)® and the Courage Measure
(CM)."” The PCWS focuses on physical courage, emphasizing a courageous predisposition in which the risks involved
might affect employees’ physical well-being.***** The PCWS consists of 30 items rated from 1 (minor agreement) to 7
(severe agreement) and five factors including immediate danger, providing for family, others’ aggression, reporting
violations and helping society (Appendices). The model fit indices were above the acceptable thresholds. In the fit
indices, minimum fit function chi-square/degrees of freedom (CMIN/DF) was 2.54<5, the comparative fit index (CFI)
was 0.95>0.90, the Tucker-Lewis index (TLI) was 0.93>0.90, the standardized root mean square residual (SRMR) was
0.07<0.08, and the root mean square error of approximation (RMSEA) was 0.07<0.08. In the Chinese version of the
PCWS,* confirmatory factor analysis indicated that there were five factors involved, similar to the original version, and
the model fit indices were above the acceptable thresholds (CMIN/DF=4.60, CFI=0.95, TLI=0.94, SRMR=0.05,
RMSEA=0.07). In the present study, Cronbach’s o coefficient was 0.92 overall, and for each factor, it was 0.90, 0.78,
0.85, 0.74, and 0.77 respectively, indicating that reliability and validity were good.

The CM was developed by Norton et al and provides an operational definition of courage as persistence or
perseverance despite experiencing fear in high-risk situations. The scale consists of 12 items, rated from 1 (never) to
7 (always) (Appendices). The Cronbach’s a coefficient was 0.92, and the test-retest correlation at three weeks was 0.66
(p<0.001). The majority of researchers agree with this measurement of the CM.***° In the present study, Cronbach’s a
coefficient was 0.72, and the model fit indices were above the acceptable thresholds (CMIN/DF=1.15, CFI=0.98,
TLI=0.97, SRMR=0.07, RMSEA=0.05), indicating that reliability and validity were good.

Emotional and Behavioral Indicators
Fear was assessed with the Positive and Negative Affect Scale (PANAS). The ratings ranged from 1 (no fear) to 5 (severe
fear) in the virtual courage scenario. The PANAS consists of 20 items rated from 1 (very slightly) to 5 (very much); half
measure positive emotion and the other half gauge negative emotion™° (Appendices). In this study, two items, scared and
afraid, were used to evaluate fear pre- and postexperiment. In the present study, Cronbach’s a coefficients were 0.76 and
0.78, indicating good reliability.

The choice of courageous action was assessed with questions within the virtual courage scenarios, such as “You may
be physically threatened or even hurt; do you continue or give up?” The participants chose yes or no on a virtual
gamepad to interact with the virtual courage scenarios. The frequency of courageous action was automatically recorded

by the virtual courage software.

Physiological Indicators
Skin conductance and heart rate were recorded by BioGraph Infiniti.’' The laboratory temperature was controlled at
25~28 °C, and the participants’ fingers were wiped with alcohol swabs to ensure the stability of skin conductance. In the
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experiment, two Ag/AgCl electrodes were wrapped around the middle finger and ring finger of the left hand with a 120
Hz sampling rate. The heart rate collection point was the first finger.

The data was inspected for movement artifacts by removing the data with extreme values greater than two standard
deviations. We did not transformed the data before analysis since we use non-parametric test to assess and analyze the
physiological data.

Virtual Courage Scenarios
From our previous investigations, the top five risk scenarios were earthquake rescue (completing the parachute jump
mission), anti-terrorist operation rescue, earthquake rescue (completing a transfer mission), medical rescue, and traffic
accident rescue (Table 1). Based on the main components of courage, that is, risk, fear, intentionality/deliberation, and noble/
good act,'® each scenario was developed with varying levels of four dimensions (Table 2). Risk occurs in events that may
threaten individuals’ lives or cause physical damage. Earthquakes, terrorist attacks, viral infections, and car accidents were
extracted.” Additionally, fear factors were drawn from fear survey schedule ITI, which includes frequently encountered fear
stimuli (the scale includes 76 items and 6 categories). In the virtual courage scenario, fear of heights, explosions, corpses,
viruses and blood were extracted.>*>> Intentionality/deliberation is generally linked with the decision-making process to
determine whether courageous behavior occurs.”>*® In each scenario, the subjects made decisions and were asked, “You may
be physically threatened or even hurt; do you continue or give up?” Finally, selfless sacrifices for external noble motivation
and prosocial or social-oriented acts were involved in the component of noble/good acts.'>>"~>°

The Unity 3D platform was used to develop virtual courage scenarios through real-time 3D graphics generation
technology, wide-angle (wide-field) stereoscopic display technology, tracking technology and dynamic environment
modelling technology. Examples of earthquake rescue (fear of corpses) scenarios are shown in Figure 1. Tracking and

interactive devices are shown in Figure 2.

Table | Description of the Virtual Courage Scenario

Virtual Courage
Scenario

Scenario Description

Mission Settings

Earthquake rescue

Anti-terrorist

operation rescue

Earthquake rescue

Medical rescue

Traffic accident

rescue

An 8.0 Richter scale earthquake. Rescuers will go to the

earthquake area. Because of the serious collapse of the road,
a parachute must be used to reach the designated position.
After a terrorist attack occurs, you receive orders from your

superiors to carry out the mission of rescuing the hostages.

An 8.0 Richter earthquake occurred. You received orders
from your superior that your department will go to a school
in the earthquake-stricken area to carry out the task of
transporting bodies.

The COVID-19 epidemic occurred in a certain area. After
receiving orders from your superior, your department is
required to take over the local hospital to rescue patients
with COVID-19.

There is a pile-up traffic accident. You receive commands
from your superior. Your department will go to carry out

casualty rescue tasks at the fastest speed.

In this jump mission, without any weather analysis or ground
guidance, you may be physically threatened or even hurt. Do
you want to execute the mission?

According to intelligence analysis, the armed terrorists were
travelling in a car with a blue window with bullet holes. You
could be physically threatened or even killed. Do you want
to continue the arrest?

In this search and rescue mission, aftershocks may occur at
any time and cause the building to collapse. You may be
threatened or even hurt. Would you like to complete the
body transport mission?

You may be physically threatened or even infected with
resulting endotracheal intubation and other operations for
treating COVID-19 patients. Do you want to complete the
rescue mission?

There is a wounded person lying in a car; the person’s thigh
is injured, and the bleeding is not stopping. The injured
person can be treated by bandaging and stopping the
bleeding, but you may be crushed in the car or even killed.
Do you want to rescue him?
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Table 2 The Dimensions of the Virtual Courage Scenario

Virtual Courage Risk Fear Intentionality /Deliberation Noble/Good Act
Scenario
Earthquake rescue Earthquake Fear of You may be physically threatened or even hurt; continue or | Complete the rescue
heights retreat? mission
Anti-terrorist operation Terrorist Fear of You may be physically threatened or even hurt; continue or | Complete the rescue
rescue attack explosion retreat? mission
Earthquake rescue Earthquake Fear of You may be physically threatened or even hurt; continue or | Complete the rescue
corpses retreat? mission
Medical rescue Viral Fear of virus You may be physically threatened or even infected; continue | Complete the rescue
infection or retreat? mission
Traffic accident rescue Car Fear of blood | You may be physically threatened or even hurt; continue or | Complete the rescue
accident retreat! mission

Procedure

The survey was guided by a psychological researcher in the VR laboratory. The participants were administered a battery

of questionnaires, and missing or irregular answers were excluded. The questionnaires were administered before and after

the participants watched the VR courage scenarios. Before the experiment, 5 minutes of resting-state baseline was

Physical Courage at |-

VR Features Scale

Courage Measure

Positive and Negative

Affect Scale

work scale
Courage Measure
g Pretest »| MARSCOUEAZS > Posttest
scenes
Positive and Negative
Affect Scale J
Earthquake rescue:
parachute jump mission |~
Random Emotional and
assignment Anti-terrorist operation Behavioral indicators
5 minutes Fear ratings; Choice

-

Participants

Baseline

=

Figure | Examples of earthquake rescue scenarios.

Earthquake recue:
body transport

COVID-19 medical
rescue

Traffic accident rescue |-

Physiological indicators
Skin conductance;
Heart rate

Figure 2 Examples of tracking and interactive devices.
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Figure 3 Flow Diagram of Experiment.

recorded (physiological indicators). Then, the participants were randomly assigned to 1 of 5 virtual courage scenarios,
and each scenario’s physiological indicators were recorded (Figure 3).

Apparatus
The VR task was implemented on HTC VIVE Pro Eye (professional edition), including a headset (width: 255 mm,
height: 128 mm, weight: 790 g, resolution ratio: 2880%1600, 45° field-of-view), positioner (Steam VR 2.0) and joy pad.
The software was run on a Windows 10 system, i9-9900K CUP, RTX2080Ti VGA Card, 32 GB RAM.

The physiological feedback instrument was a BioGraph Infiniti 8 channel produced by Canada Thought

Technology.’'->?

Statistical Analysis

The five scenarios of courage were evaluated as a whole since the scores of the VR features were representative of the all
situation. The evaluation of VR features with respect to courage scores was first tested with descriptive statistics analysis
and a one-way Wilcoxon test.

Then, we explored the validity of virtual courage paradigms. The scores of PCWS were assessed before the
experiments. The scores of CM and afraid, scared were assessed before and after the experiments since the aims of
study was to evaluated the courage scenarios as a whole. The CM scores before and after the VR scenarios were
compared with a paired Wilcoxon test.

Additionally, for behavioral indicators, all participants chose to complete the mission during the each scenario. The
behavioral indices before and after the VR scenarios were compared with a paired Wilcoxon test. The physiological
indices were compared between the baseline and virtual scenarios with a paired Wilcoxon test.

Finally, Pearson’s correlation analysis between the scores of the PCWS and physiological indexes was performed.

Among them, 2 participants of CM data missed, 1 participants of skin conductance and heart rate in earthquake rescue
(completing the parachute jump mission) and traffic accident rescue data missed, 3 participants of skin conductance and
heart rate in earthquake rescue (completing a transfer mission) data missed. All analyses were conducted using SPSS
21.0. And the calculation of effect size (Cohen's d) was using the Software JASP (https://jasp-stats.org/).

Results

Evaluation of VR Features

The scores of interaction, immersion and presence were higher than the median 4 points for all scenarios. The result of
the one-way Wilcoxon test showed that the score of each indicator was significantly higher than the theoretical median
value, which indicated that the subjects’ evaluation of interaction, immersion and presence was significantly higher than
the theoretical median value (Table 3).
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Table 3 Test of the Differences Between the Variables and the Median Value (n=51)

Variable M(P25, P75) V4 p Cohen’s d
Immersion 4.53(3.93,5.00) 3.55%% <0.001 0.58
Presence 5.33(4.33,6.33) 4.4 1%k <0.001 0.68
Interaction 6.43(6.00,6.86) 6.18%%* <0.001 0.99

Note: ¥ p<0.001.
Abbreviations: M, median; P25, percentile 25; P75, percentile 75.

Evaluation of Courage

The scores on the PCWS ranged from 74 to 179 [M (137, 158)]. The descriptive statistics of the CM scores are shown in
Table 4. The score for courage in the pretest was significantly lower than that in the posttest (Z =3.06, p =0.002, Cohen's
d =0.52).

Evaluation of Emotional and Behavioral Indicators

In the pretest, the scores of the items scared (p<0.001, Cohens d =0.81) and afraid (p<0.001, Cohen’s d =0.82) were
significantly lower than the theoretical median (3 points). The paired Wilcoxon test showed that in the posttest, the scared
(»<0.001, Cohen’s d =0.95) and afraid (p<0.001, Cohens d =0.95) scores were significantly higher than the theoretical
median (3 points). In further exploration of the fear ratings between the pre- and posttest, the results indicated that the
posttest scores of both scared (p<0.001, Cohen’s d =0.95) and afraid (p<0.001, Cohen's d =0.99) were significantly higher
than the pretest scores (Table 5).

All participants chose to complete the mission.

Evaluation of Physiological Indicators
The descriptive statistics of heart rate are shown in Table 6. The heart rate values of each scenario showed an increase
compared with the baseline.

The descriptive statistics of skin conductance are shown in Table 7. The skin conductance values of each scenario
showed an increase compared with the baseline.

Pearson’s correlation analysis revealed that in addition to the heart rate in the traffic accident scenario and earthquake
rescue/parachute scenario, all other physiological indicators were negatively associated with the PCWS score (Table 8).

Table 4 Test of the CM Score Difference Between the Pretest and Posttest (n=49)

Variable | Pretest[M(P25, P75)] | Posttest[M(P25, P75)] z

CM 45.00(41.00,47.00) 47.00(43.00,50.00) 3.06%*

Note: ** p<0.01.
Abbreviations: CM, courage measure; P25, percentile 25; P75, percentile 75.

Table 5 Test of the Differences in Fear Variables Between the Pretest and Posttest (n=51)

Variable | Pretest[M(P25, P75)] z Posttest[M(P25, P75)] z Paired Wilcoxon Z
Scared 2.00(1.00,2.00) —5.88%¢* 4.00(3.00,4.00) 4.45%%% 5.82%%*
Afraid 2.00(1.00,2.00) —5.87%¥* 4.00(3.00,4.00) 4.63%%* 5740k

Note: ¥*¥p<0.01.
Abbreviations: M, median; P25, percentile 25; P75, percentile 75.
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Table 6 Test of the Heart Rate Differences Between Pretest and the Baseline [M(P25, P75)]

Variable

Earthquake Rescue:
Parachute Jump
Mission (n=50)

Anti-Terrorist
Operation
Rescue (n=51)

Earthquake
Rescue: Transfer
Mission (n=48)

Medical Rescue
(n=51)

Traffic Accident
Rescue (n=50)

Physiological Baseline
Virtual Scenes

70.76(64.61,76.42)
74.67(70.34,80.17)

70.76(64.61,76.42)
75.62(69.18,81.10)

70.76(64.61,76.42)
82.17(74.99,87.56)

70.76(64.61,76.42)
78.12(73.10,83.64)

70.76(64.61,76.42)
78.84(74.20,83.93)

z 3.26%* 3.85%# 5.55%#* 4.56%+ 4.30%%*
p 0.001 <0.001 <0.001 <0.001 <0.001
Cohen’s d 0.53 0.62 0.92 0.73 0.70
Note: *** p<0.001, ** p<0.01. unit, beats per minute.
Abbreviations: M, median; P25, percentile 25; P75, percentile 75.
Table 7 Test of the Skin Conductance Differences Between Pretest and the Baseline [M(P25, P75)]
Variable Earthquake Rescue: Anti-Terrorist Earthquake Rescue: Medical Rescue Traffic
Parachute Jump Mission | Operation Rescue Transfer Mission (n=51) Accident
(n=50) (n=51) (n=48) Rescue
(n=50)
Physiological Baseline 2.54(1.54,3.78) 2.54(1.54,3.78) 2.54(1.54,3.78) 2.54(1.54,3.78) 2.54(1.54,3.78)
Virtual Scenes 4.15(2.97,6.02) 4.20(2.74,5.84) 4.12(2.89,5.91) 4.20(3.29,6.29) 4.28(3.16,6.16)
z 5.85%%* 6.19%%* 5.99%%% 6.1 7+%* 6.1 3%%%
p <0.001 <0.001 <0.001 <0.001 <0.001
Cohen’s d 0.95 1.00 0.99 0.99 0.99
Note: unit, uS. ¥ p<0.001.
Abbreviations: M, median; P25, percentile 25; P75, percentile 75.
Table 8 Correlation Analysis Between Physiological Indicators and the PCWS Score
Variable Earthquake Rescue: Anti-terrorist Earthquake Rescue: Medical Rescue Traffic
Parachute Jump Mission Operation Rescue Transfer Mission (n=48) (n=51) Accident
(n=50) (n=51) Rescue (n=50)
PCWS HR SC HR SC HR SC HR SC HR sC
r —0.21 —0.52%%* —0.36* —0.52%%* —0.32*% —0.54%%* —0.28*% | —0.53% | —023 | —0.53*+*
p 0.137 <0.001 0.011 <0.001 0.026 <0.001 0.048 <0.001 0.100 | <0.001

Note: *p<0.001, *<0.05.

Abbreviations: HR, heart rate; SC, skin conductance; P25, percentile 25; P75, percentile 75.

Discussion

Trainees in high-risk occupations lack professional skills and experiences to deal with perilous circumstances. However,

their career requirements push them to handle hazardous situations. Developing a virtual high-risk environment might

provide new opportunities to elevate predispositions (such as courage) to manage hazardous situations.®® Each of the

remaining virtual scenarios was typical for firefighters and other high-risk employees who participate in imminently life-

threatening rescues. Meanwhile, virtual courage paradigms can represent elements of courage, such as risk, perceived

fear, intentionality/deliberation, and noble/good act, which align with the subjective experience of courage theory.® Each

virtual courage scenario reflected the essential prerequisite of brave behavior in a high-risk workplace and corresponded

to various elements of the courage components. For example, in the virtual medical rescue scenario, especially the

COVID-19 pandemic scenario, the event design of risk and fear components required medical practitioners or para-

medics to embody fearlessness or to experience fear but still deal with the events.*”*> The determination of courage

requires high-risk employees to decide whether to proceed with a rescue mission while risking infection, injury or death,
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which means that the quality of decisiveness must be applied to respond to events in the scenario.’® For example, in
virtual earthquake rescue, a decision is made by the participant through a joy pad by interacting with scenario questions
such as “You may be physically threatened or even hurt; continue or retreat”. In the process of achieving the noble/good
goal, rescuers encounter multiple challenges, such as fear and difficulties. Therefore, the design of the event requires
rescuers to develop tenacity and toughness to deal with the scenario events.**®* This development of virtual courage
paradigms is consistent with the conceptions of courage in process theory,” subjective experience theory®' and cognitive
theory,®* which highlight risk, fear and decision-making processes from the perspectives of their particular theoretical
foundation.

Immersion, presence and interaction are features of VR that are prioritized. Immersion emphasizes the vividness of
simulation,?’ presence underlines the psychological feeling of the virtual environment, and interaction focuses on the
users’ interactivity. The evaluation scores in these courage scenarios were above 4 points (p<0.01), in agreement with
previous studies and indicating that the VR features were above the median.®>® These results indicated that the virtual
scenarios we established possessed good physical properties and enabled subjective experiences similar to the real-world
experiences; that is, they allowed the subjects to be immersed in the scenario even though they consciously knew that the
immersive scenario did not happen in the real world.?**’ In addition, interactivity is reflected in the scenarios in which
the subjects complete the corresponding task. The score of interactivity in the VR system was above 6 points (p<0.01),
which means that the scenario interaction property in this study was at a high level.*"® Consequently, given the
requirements for VR, the utility of virtual systems for courage meets or exceeds the specified standard requirements,
which establishes a foundation for their application in simulating high-risk operations and improving courage
paradigms.’

The PCWS represented trait-oriented stability.’ Correlation analysis confirmed that people with high-level predis-
positions to physical courage have inverse activations of heart rate and skin conductance.'® The reason is that the
physiological responses indicate a stress response (heart rate and skin conductance evoked), which possibly mediates this
relationship between physiological arousal and courage.'®*%* This result is consistent with previous studies showing
that brave bomb-disposal operators and soldiers showed lower physiological reactivity (cardiac reactivity) and less fear
due to a substantial increase in courage, skill and confidence after completing a specialized course.'® In the virtual
courage scenarios, the behavioral indicators and physiological indicators revealed that the individuals’ fear was evoked,
which provided a stimulation to train or boost courage in specific conditions. For emotional indicators in virtual courage
paradigms, the subjective posttest scores of being scared and afraid were both higher than the pretest and the median
scores. This result revealed that the subjects’ fear emotions were effectively awakened, which provided the basis for
stimulating scenarios for high-risk employees.'> As for behavioral indicators, all participants chose to complete the
mission for the possible reasons were that firefighters were trained by tolerance of risk so that participants could complete
the mission without retreating® and that the phenomenon of social desirability, in which a tendency of respondents to give
answers to make them better to meet the social norms.® In terms of physiological indicators, the participants’ heart rate
and skin conductance in the virtual courage scenarios were both higher than those at baseline, indicating that physio-
logical fear reactions were significantly activated by the simulation.’>’® The simulating effect of the virtual courage
scenarios may occur through three possible psychological paths. First, individuals learned how to endure and confront
fear. From an evolutionary perspective, an optimal level of fear can increase one’s awareness and have adaptive
significance under jeopardy. However, if fear is overwhelming, it will cause the individual to freeze or flight, which
leads to a state of incapability.”® VR courage scenarios can provide training in situations that help employees regulate
fear and conquer intense fear. Additionally, they allow coping skills to be mastered. By immersion within the VR courage
scenarios, individuals are confronted with risk or threat, and they have to manage their skills to complete the rescue
mission. During the course, inner strength or personal growth might occur.>® Last, the direction of the motivational
system was altered. Fear activates the brain’s aversion/avoidance motivation system to keep away from danger.®
However, achieving duty requires high-risk employees to conquer fear towards the noble goal, which might mean
activating an appetitive or approach motivational system.”' Hence, the pre- and posttest scores on CM proved the
effectiveness of the evaluation. The CM was used to evaluate courageous acts in high-risk operational sites, which can be
considered state-oriented bravery that might align with inordinate risk.'” The pre- and posttest scores showed that after
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the participants were immersed in the virtual courage scenarios, there was an increased effect on state courage. This
phenomenon might be associated with exposure to a moderate fear level with which the participant can cope well, which

increases the individual’s confidence to conquer fear and achieve the goal.***’

Conclusion

This study developed virtual courage paradigms for high-risk occupations based on well-established theory and VR
technology. The experimental data revealed that the paradigms conformed to the requirements of VR features and were
able to activate fear and elevate the quality of courage. Thus, virtual courage paradigms have good validity and can be
applied to simulate scenarios for high-risk employees, which might accelerate organizational effectiveness while
buffering work stress.

The current study has several limitations. First, the participants were high-risk trainees who lack rich experience, and
further study should explore the courage paradigm effect in expert high-risk employees. Additionally, female firefighters
were recruited in the experiment because the number of women is increasing worldwide, reaching 6.3% of firefighters.”>
However, the 10 female participants are not representative from the perspective of statistics, and more women firefighters
should be investigated so that gender differences in courage can be uncovered. Second, in the behavioral indicator, no
participants chose to abandon the rescue mission, and the decision time from was not recorded, leading to each
component of courage not matching the precise reaction time so that the results did not allow analysis of the effect of
each component. Then, the stimulus was generated only through visual, auditory and motor sensation since subjective
fear was at a moderate level. Further research should diversify the types of stimulation, such as pain perception and
tactile and olfactory stimulation, to form a physiology-driven adaptive virtual stimulation with big data. Physiological
state feedback can be implemented based on specific subjects and can include a stimulated production module,
a synchronous physiological reaction module, a module for participants’ emotional evaluation and an adaptively
generated new stimulus module.”> Hence, the system could be controlled precisely according to the specific situations
with a variety of stimuli similar to real-world situations, ensuring ecological validity. In addition, only heart rate and skin
conductance were used as physiological indicators in this study to determine the possible association between the
predisposition for courage and the autonomic nervous system. Further studies should enrich stimulation monitoring, such
as by utilizing functional magnetic resonance imaging technology and transcranial magnetic stimulation technology to
explore neural circuitry in the brain or taking samples of blood to test cortisol and inflammatory cytokines to examine the
neuroendocrine system. Thus, the system could establish behavioral, psychological, and physiological multidimensional
indicators to achieve an accurate evaluation that supports a qualitative standard for assessments. Crucially, further
research should add training modules into virtual courage scenarios, for instance, virtual extinction’* or virtual-reality
exposure therapy”” for fear reduction, decision-making training to cultivate the effectiveness of risk decision-making’®
and battlemind training®? to foster toughness and perseverance towards noble goals.
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