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Abstract

Objective: Integration of head-mounted virtual reality (VR) devices has been revolutionary in
health professions education. In disaster preparedness training, VR simulation-based learning
exposes health care professionals to the unique challenges of diverse scenarios, enhancing their
adaptability. The aim of the study was to evaluate the effectiveness of a head-mounted VR tool
for teaching basic radiation emergency medicine skills to medical students.
Methods: The participants were 64 medical students (5th-year) who underwent a 3-hour
training session in radiation emergency medicine that was conducted via head-mounted VR
devices. Students scored their perceived emotion, performance, and self-efficacy at various time
points in a self-reported online questionnaire.
Results: Comparison of survey responses before and after the session showed significant
differences in terms of neutral emotion (P = 0.011), negative activating emotions (P < 0.001),
and negative deactivating emotions (P = 0.004). The post-hoc test revealed statistically significant
differences in negative activating emotions between before and during (P < 0.05), and between
before and after (P < 0.05) the VR simulation. In addition, negative deactivation and neutral
emotions changed significantly after the simulation.
Conclusions: The use of head-mounted VR devices was effective in modulating medical students’
emotions and contributed to improving their perceived performance in radiation emergencymedicine.

The use of head-mounted virtual reality (VR) devices has revolutionized simulation-based
learning in health professions education.1,2 These advanced devices are wearable as a headset,
and immerse the student in a world where knowledge and practice blend seamlessly.3 The hands-
on nature of these simulations, guided by intuitive VR controls, provides a tactile understanding
ofmedical procedures and scenarios. Thus, the individual learning experience is enhanced, which
helps students prepare for real-world practice.4

Head-mounted VR devices are well suited to training for radiation emergency medicine pre-
paredness.5 Traditional on-the-job training is limited for radiation emergency scenarios due to the
infrequency and unpredictability of such events.8,9 VR technology addresses these challenges by
providing a controlled, immersive environment in whichmedical trainees can systematically develop
and improve their emergency response and preparedness skills.2 In a virtual space, the trainees can
engage in lifelike simulations that replicate various scenarios.3 These simulations not only allow for
repeated practice of critical procedures, but also provide a platform for examining decision-making
skills under the pressure of a crisis.4,5 Previous studies have suggested that VR simulation training
enhances medical students’ readiness for subsequent clinical exposure and improves their clinical
performance in real-world situations.6,7 By using VR for radiation disaster preparedness training,
trainees can develop a heightened sense of preparedness, confidence, and competence in dealing with
the unpredictable and high-stakes nature of emergency situations.

In the field of medical education in Japan, a critical emphasis is placed on teaching radiation
exposure medicine because of its critical importance in the aftermath of natural disasters. The
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Great Tohoku Earthquake is a poignant reminder of the need for
health professionals to have specialized knowledge and skills in
managing the health effects of radiation exposure.10 It has been
reported that inadequate knowledge of radiation medicine and
misunderstanding of radiation exposure among health profes-
sionals may have led to a shortage of specialized personnel able
to provide medical care to patients and residents in the Fukushima
nuclear power plant area.11,12 Therefore, Japanese radiation medicine
stakeholders developed a well-structured radiation emergency medi-
cine training curriculum after theGreat Tohoku Earthquake; however,
the training has been implemented in a limited number of under-
graduate and postgraduate programs in schools with experienced
faculties.13,14 Educating medical students in the intricacies of assessing
and responding to the health challenges posed by radiation exposure is
essential to ensuring a prepared and resilient health care workforce.
However, teaching radiation medicine to medical students presents
significant challenges, primarily due to the complex and resource-
intensive nature of the subject. The lack of comprehensive educational
resources, including realistic simulations, specialized training facilities,
and experienced faculty, is a significant barrier. Given themultifaceted
aspects of radiation emergency medicine, there is an urgent need for
increased investment in diverse and tailored VR tools that can effect-
ively prepare medical students for the unique challenges associated
with emergency crisis situations.15

The emotions of health professional trainees have recently been
recognized as important indicators of outcome in medical simula-
tion research, including in VR-based trainings. In addition, the
control value theory of achievement emotion works is considered
the paramount framework for interpreting the emotions of medical
trainees learning to deal with critical situations in simulation
trainings. Therefore, the aim of this study is to evaluate the effect-
iveness of a head-mounted VR tool for teaching basic radiation
emergency medicine skills to medical students.

Methods

Study Design and Learning Context

We conducted a virtual simulation study using head-mounted VR
devices (Meta Quest 2, also known asOculusQuest 2) alongwith an

application designed to teach radiation emergency medicine to
medical trainees. Obtaining radiation measurements in the con-
ventional manner requires precise (and expensive) instruments. To
address this limitation while also providing an intuitive learning
experience for the trainees, the application enables visualization of
the invisible radiation and progresses to identification of contam-
inated areas.

The NUP: RI Survey application developed by the authors was
used in the present study (Figure 1). Using the application, trainees
learn measurement procedures using a Geiger–Müeller survey
meter and practice identifying contaminated areas displayed in
VR.16–18 In an integrated 3-step process, trainees search for con-
taminated areas by selecting appropriate settings, identifying these
areas, and inputting the measured radiation levels. This method of
training overcomes the limitations of traditional methods and
enhances learning effectiveness by enabling trainees to visualize
and experience simulated real-world scenarios.

Participants
The participants were fifth-year medical students at Hirosaki Uni-
versity, Japan, who were on clinical rotation training at the emer-
gency department during the study period (June 2022–December
2022). Sixty-four students underwent a 3-hour training session in
radiation emergency medicine delivered via head-mounted VR
devices. They completed a self-reported online survey just before
starting the session and again after completion of the session.

Data collection
Measurement of emotions All participants completed the Jap-
anese version of the J-MES, a Japanese translation of the Medical
Emotion Scale originally developed in English.19 The J-MES
includes 20 items containing adjectives describing discrete
emotions, which the user scores using a 5-point Likert scale
(Figure 2). The items are categorized into subscales according
to the valence (positive/negative) and arousal level (activating/
deactivating) of the emotions: (a) positively activating (e.g.,
hope, joy); (b) positively deactivating (e.g., relaxed, relieved);
(c) negatively activating (e.g., anger, anxiety), (d) negatively deacti-
vating (e.g., sadness, boredom), or (e) neutral (i.e., surprise)
(Figure 3). In addition, the “during” J-MES questionnaire was

Figure 1. Example image from the NUP: RI Survey application.
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Figure 2. The 20 items of the Medical Emotion Scale.

Figure 3. Subscale categories of the Medical Emotion Scale.
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administered immediately after the session to prevent interference
with the task.

Post-task self-performance Perceived self-performance was evalu-
ated using a 5-point Likert scale (1 = very poor, 5 = excellent).

Post-task self-efficacy Post-task self-efficacy was assessed after
task completion using a single item adapted from Bandura’s scale
tomeasure participants’ confidence when performing a similar task
in the future. Confidence levels were measured using a 100-point
Likert scale (0 = no confidence to 100 = complete confidence) with
10-point intervals.20,21

Data analysis
Medians with 25–75 percentiles were calculated for continuous
variables. Friedman’s test was used to compare scores before,
during, and after virtual simulation study. We initially conducted
Friedman’s test for repeated comparison across these 3 time
points. Post-hoc Bonferroni test was then carried out for compari-
son of scores at the three time points (before, during, and after).
These analyses were then stratified according to median perform-
ance and self-efficacy scores. A P value < 0.05 was considered
statistically significant. All analyses were performed using R soft-
ware (version 4.3.0).

Ethics
The study protocol was reviewed and approved by the Ethics
Committee of Hirosaki University Graduate School of Health
Sciences (approval No. 2021-033). Written informed consent was
obtained from all participants.

Results

Table 1 lists the descriptive statistics of the participants. Themedian
(25–75 percentiles) performance and self-efficacy scores were
4 (3–4) and 60 (45–65), respectively. Negative activating emotions
(P < 0.001), negative deactivating emotions (P = 0.004), and neutral
emotions (P = 0.011) were significantly different across the three
time points. The post-hoc test revealed significant differences in
negative activating emotions between before and during (P < 0.05),
and between before and after (P < 0.05) the VR simulation. In
addition, negative deactivation and neutral emotions were different
before and after the simulation.

Table 2 shows the change in each factor over time according
to stratified self-performance score. Negative activating emotions
(P < 0.001), negative deactivating emotions (P = 0.006), and neutral

emotion (P = 0.036) were significantly different across the time
points in the high self-performance group. The post-hoc test
revealed significant differences in negative activating emotions
between before and during (P < 0.05), and before and after
(P < 0.05) the VR simulation. Similarly, a significant difference
between the before and during scores was found for negative
deactivating emotions. Although no significant significance was
noted, positive deactivating emotions increased slightly between
before and after the VR training.

Table 3 shows the change in each factor over time, stratified by
self-efficacy score. Among participants with low self-efficacy (low
self-efficacy group), there were significant significances in negative
activating (P = 0.011) and deactivating (P = 0.035) emotions. Among
participants with high self-efficacy (high self-efficacy group), a sig-
nificant difference was found in negative activating emotions (P =
0.001). The post-hoc test revealed significant differences between the
before and after scores for negatively activating emotions in both of
the self-efficacy score groups (P < 0.05). Although no significant
significance was noted, positive deactivating emotions increased
slightly between before and after the VR training.

Discussion

To the best of our knowledge, the present study is the first to
investigate the effect of using head-mounted VR devices on emo-
tional change in medical students taking part in radiation emer-
gency medicine training. Compared with those before the sessions,
scores for the emotion of surprise (i.e., neutral emotion) increased
and those for negative emotions decreased after the sessions. In
addition, the high-performance group showed slightly higher posi-
tive emotions during the VR training sessions than those perceived
before the sessions and successfully reduced negative emotions after
the session started.

According to the control value theory of achievement emotions,
emotions act as a predictor of learners’ performance in their train-
ing.22 Specifically, positive emotions can improvemedical students’
performance, whereas negative emotions have a negative impact on
their learning. Previous reports have suggested that surprise is a
neutral emotion that can be either positive or negative depending
on the learning situation.22 For example, a learnermight experience
positive surprise when they receive an award for an excellent
achievement, but the same learner might experience negative sur-
prise when their mark is lower than expected. Therefore, to analyze
the function of the surprise element in a given learning context, it is
useful to examine the pattern of change in other positive and

Table 1. Participants’ demographics (n=59)

Variable Before During After P value Post-hoc

Positive activating emotions 3 (2.5–3.4 ) 3.14 (2.6–3.7 ) 3 (2.4–3.5 ) 0.116

Positive deactivating emotions 3 (2–3.5 ) 3 (2.5–4 ) 3 (2.3–4 ) 0.373

Negative activating emotions 2 (1.3–2.2 ) 1.5 (1.2–2 ) 1.5 (1–2 ) < 0.001 a, b

Negative deactivating emotions 1.75 (1.1–2 ) 1.5 (1–2 ) 1.5 (1–2 ) 0.004 a

Neutral emotion 2 (1–3 ) 3 (2–4 ) 2 (1–3 ) 0.011 a

Performance 4 (3–4 )

Self–efficacy 60 (40–65 )

Data are presented as the median (25–75 percentiles).
P values were calculated using Friedman’s test.
Post-hoc Bonferroni correction was conducted for the results of Wilcoxon signed-rank test for the comparisons (a) before–during and (b) before–after.
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negative emotions. In other words, for the current learning context
of head-mounted VR simulation, the change in pattern for the
surprise item was synchronized with an increase in positive emo-
tions, i.e., both positive emotions and surprise showed increases
between the pre survey and the post survey.

In the high-performance group, the pattern of emotional change
was consistent with the control value theory. Namely, positive
emotions increased and negative emotions decreased after the start
of the VR simulation session in the high performers, which indi-
cates that these emotions might have promoted learning perform-
ance in the VR training. From the perspective of emotional
regulation in the medical field, this finding may provide valuable
insights into the impact of VR simulation training on improving
trainees’ performance in real-world contexts. Emotion regulation,

such as increasing positive emotions and decreasing negative emo-
tions, is one of the vital skills required for health care professionals
and trainees whowork or will work in critical situations.23 Thus, the
students in the current study experienced the process of effective
emotion regulation using head-mounted VR devices and may have
learned how to regulate their emotions in such situations. When
making critical decisions, effective self-management and emotional
regulation are crucial skills that can help prevent subsequentmental
illness among health professionals.24 The present study showed that
the use of head-mounted VR was effective in modulating medical
students’ emotions, which in turn contributed to improving their
self-confidence in radiation emergency medicine, and potentially
facilitated their readiness to respond to the challenges associated
with emergency crisis situations.

Table 3. Survey scores at each time point according to efficacy group

Variable Before During After P value Post-hoc

Low Self-efficacy (n = 29)

Positive activating emotions 3 ( 2.3–3.4 ) 3.14 ( 2.3–3.7 ) 2.86 ( 2.3–3.4 ) 0.112

Positive deactivating emotions 3 ( 2–3 ) 3 ( 2.5–4 ) 3 ( 2–4 ) 0.073

Negative activating emotions 2 ( 1.7–2.3 ) 1.67 ( 1.3–2 ) 1.67 ( 1–2.2 ) 0.011 b

Negative deactivating emotions 1.75 ( 1.3–2.3 ) 1.75 ( 1–2.3 ) 1.5 ( 1–2.3 ) 0.035

Neutral emotion 2 ( 1–3 ) 3 ( 2–4 ) 2 ( 1–3 ) 0.071

High Self-efficacy (n = 30)

Positive activating emotions 3 ( 2.9–3.5 ) 3.14 ( 2.7–3.7 ) 3 ( 2.5–3.7 ) 0.475

Positive deactivating emotions 3 ( 2.5–3.9 ) 3.5 ( 2.1–4 ) 3 ( 2.5–4 ) 0.963

Negative activating emotions 1.5 ( 1.3–2.2 ) 1.33 ( 1–1.9 ) 1.33 ( 1–1.8 ) 0.001 b

Negative deactivating emotions 1.5 ( 1–2 ) 1.25 ( 1–1.8 ) 1.38 ( 1–1.8 ) 0.101

Neutral emotion 2 ( 1–3 ) 3 ( 2–4 ) 2 ( 2–3.8 ) 0.141

Data are presented as the median (25–75 percentiles).
P values were calculated using Friedman’s test.
Post-hoc Bonferroni correction for the results of Wilcoxon signed-rank test was conducted for the comparisons (b) before–after.

Table 2. Survey scores at each time point according to performance group

Variable Before During After P value Post-hoc

Low Performance (n = 19)

Positive activating emotions 2.71 ( 2–3.1 ) 2.71 ( 2–3.1 ) 2.57 ( 1.9–3 ) 0.564

Positive deactivating emotions 2.5 ( 1.8–3 ) 3 ( 2–3 ) 2.5 ( 1.5–3 ) 0.115

Negative activating emotions 2 ( 1.6–2.3 ) 1.83 ( 1.4–2.3 ) 1.83 ( 1.3–2.3 ) 0.247

Negative deactivating emotions 2 ( 1.3–2.3 ) 2 ( 1.4–2.5 ) 2 ( 1.3–2.3 ) 0.423

Neutral emotion 2 ( 1–2 ) 2 ( 2–3.5 ) 2 ( 1–3 ) 0.143

High Performance (n = 40)

Positive activating emotions 3 ( 2.9–3.5 ) 3.36 ( 2.9–3.9 ) 3 ( 2.7–3.7 ) 0.144

Positive deactivating emotions 3 ( 2.5–4 ) 3.5 ( 2.9–4 ) 3.5 ( 2.9–4 ) 0.893

Negative activating emotions 1.67 ( 1.3–2.2 ) 1.33 ( 1–1.9 ) 1.33 ( 1–1.8 ) < 0.001 a, b

Negative deactivating emotions 1.62 ( 1–2 ) 1.25 ( 1–1.8 ) 1.25 ( 1–1.8 ) 0.006 a

Neutral emotion 2 ( 1–3 ) 3 ( 2–4 ) 2 ( 1.8–3.3 ) 0.036

Data are presented as the median (25–75 percentiles).
P values were calculated using Friedman’s test.
Post-hoc Bonferroni correction for the results of Wilcoxon signed-rank test was conducted for the comparisons (a) before–during and (b) before–after.
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This study has several limitations. First, there is a risk of type II
error due to the small sample size, and we did not calculate a
required sample size for this study because there are no previous
studies on VR simulation using theMedical Emotion Scale. Second,
we assessed and compared only emotion variables and did not
compare other outcome variables such as self-performance and
self-efficacy due to possible reporting bias. Third, this is a single-
arm design without a control group and the effect of VR training on
medical students’ performance were not examined in a real-world
situation; therefore, the design of this study is not robust enough
to provide strong evidence. Nevertheless, the current study pro-
vides new evidence on the emotional outcomes of VR simulation
for medical students. Further studies with larger samples, more
robust design, and multiple variables are needed to address these
limitations.

Conclusions

Use of head-mounted VR devices during training in radiation
emergencymedicine had the effect of modulatingmedical students’
emotions and contributed to improvements in their perceived
performance.
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