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Objective: This study aimed to evaluate the effectiveness of a virtual reality (VR)-
based training program in improving emergency physicians’ ability to manage
multi-casualty traffic injuries, compared to conventional training methods.

Methods: A randomized controlled trial was conducted with 76 emergency
physicians from a single hospital. Participants were randomly assigned to
either the VR group (n = 38) or the control group (n = 38). The VR group
underwent immersive training using a VR simulation of multi-casualty traffic
accidents, while the control group received traditional lectures and mannequin-
based simulations. Primary outcomes included on-site assessment, triage
accuracy, and decision-making in transportation, assessed immediately post-
training. Secondary outcomes were participant satisfaction and
confidence levels.

Results: The VR group performed significantly better in on-site assessments (P <
0.05), triage accuracy (P < 0.05), and transportation decision-making (P < 0.05)
compared to the control group. The VR group also reported higher satisfaction
and confidence in applying learned skills in real-world situations (P < 0.05).

Conclusion: VR-based training enhances emergency physicians’ performance in
managing multi-casualty traffic accidents, demonstrating its potential as a
scalable and effective educational tool for emergency medical training.
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1 Introduction

Trauma constitutes a significant global cause of death, particularly affecting individuals
in the young and middle-aged demographic. According to theWorld Health Organization’s
latest report, more than 1.3 million people die each year from road traffic accidents, and
millions more are left disabled, losing both their ability to work and live independently
(Razzaghi et al., 2020). This places a substantial burden on society, families, economies, and
healthcare systems. In the process of treating road traffic injuries, timely and effective early
assessment and intervention are crucial for saving lives, reducing disability, and minimizing
complications. In practice, managing victims at the scene of mass casualty incidents from
road traffic accidents is often chaotic, requiring emergency physicians to make rapid
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decisions and respond swiftly to multiple complex injuries
(Mohanty et al., 2022). This places increased demands on the
routine training of emergency physicians.

Current training for road traffic injury treatment primarily relies
on lectures, textbook knowledge, tabletop exercises, or limited
mannequin-based simulations (Tune et al., 2023). While these
methods are effective in conveying foundational information,
traditional simulations are often inadequate in replicating the
complexity of real-world environments and sudden, unexpected
situations, leaving trainees with insufficient emergency response
skills and limited psychological resilience. Additionally, most
trainees are unable to play a key leadership role during the actual
handling of road traffic injuries (Nelson et al., 2020). A major
challenge remains how to improve their emergency management
and decision-making abilities without compromising patient safety
during the training process.

Virtual reality (VR) is a computer-generated immersive
simulation environment that allows users to interact with virtual
scenarios, providing a more realistic experience compared to
traditional media (Bruno et al., 2022). VR technology has been
widely employed across a variety of industries due to its high level of
immersion and interactivity (Kanschik et al., 2023). In the field of
medical education, VR enables healthcare providers to practice
procedures and make decisions within virtual clinical scenarios
(Kanschik et al., 2023; Chiang et al., 2022). VR offers several
potential advantages: Realism and immersive learning: VR can
simulate lifelike medical scenarios, allowing trainees to experience
realistic emergencies or trauma situations outside of the classroom
(Goel et al., 2023). Repetitive practice: VR environments allow
trainees to repeatedly practice specific scenarios until proficiency
is achieved, without consuming resources or risking real patients
(Just et al., 2024). Personalized training: VR also supports gradually
increasing the level of challenge based on a trainee’s initial skills and
responses, tailoring learning pathways to match individual
proficiency levels (Ramalho et al., 2024). VR technology has been
shown to improve learning outcomes and practical skills in areas
such as disaster response (Kman et al., 2023), cardiopulmonary
resuscitation (CPR) training (Cerezo Espinosa et al., 2019), and
surgical skills practice (Fahl et al., 2023). However, there remains
limited application and research on the use of VR in complex, multi-
casualty settings like road traffic accident emergency care. While
traditional training methods can simulate common traffic accident
scenarios, they often fall short in presenting the detailed, dynamic
complexities of multiple trauma injuries and team-based responses.
More academic research is needed to substantiate the effectiveness of
VR in training healthcare providers in such high-risk environments.

Based on the aforementioned background information, existing
literature indicates that virtual reality technology is paving new
educational pathways across various fields, including healthcare
(Wang et al., 2024). However, its application in the management
of complex and sudden road traffic accident emergencies remains
underexplored. To address this research gap, this study employs a
randomized controlled trial design to investigate whether virtual
reality-based emergencymedical training can address the limitations
of traditional training methods, and to explore new approaches for
enhancing trainees’ emergency response and decision-
making abilities.

2 Materials and methods

2.1 Study design, setting, and ethics

This was a randomized, controlled trial of an educational
intervention (VR simulation-based training). This study was
conducted in the Emergency Department of Guangxi Zhuang
Autonomous Region People’s Hospital from February 2024 to
August 2024. All participants expressed interest in the study and
provided informed consent, and underwent corresponding tests
after a 3-h course. The course consisted of lectures, VR
simulation training, scenario case analysis, and tabletop exercises.

The study was approved by the Ethics Committee of Guangxi
Zhuang Autonomous Region People’s Hospital (KY-SY-2023–014).
Informed consent was obtained from each participant, who signed
the consent form prior to participation in the study.

2.2 Participants

This study recruited emergency physicians and resident trainees
working in emergency department. Participants were selected based
on the following inclusion and exclusion criteria. Inclusion criteria:
Physicians with at least 1 year of experience in emergency medicine,
willingness to participate and provide informed consent. Exclusion
criteria were refusal to the study, having previously received VR-
based emergency medical training before, diagnosed with cognitive
or psychiatric conditions that may interfere with training
comprehension, and were unable to complete the full course and
tests duration of the study.

The participants were randomized into the control and VR
groups in a 1:1 ratio using Excel software. Excel offered various
functions that can generate random numbers, thereby facilitating
random assignment. Specifically, random numbers were generated
for each participant using Excel’s RAND function, and group
assignment was based on the generated values. After
randomization, baseline characteristics of the two groups,
including age, gender, years of experience, and previous training,
were compared to ensure balance between the groups.

2.3 Intervention

Participants in the VR group underwent a comprehensive,
interactive training program designed specifically for emergency
trauma treatment in road traffic accident scenarios, lasting a total of
180 min across two afternoons. The virtual reality scenario
presented various complex trauma cases, including multi-casualty
incidents, with realistic simulations of injuries commonly seen in
road traffic accidents (e.g., Severe traumatic brain injury, aerothorax,
multiple fractures, abdominal injuries). During the training process,
the HTC VIVE VR device (Road Traffic Injury VR Software 1.0,
developed by the Emergency Department of Guangxi Zhuang
Autonomous Region People’s Hospital) was utilized. Each
participant was required to practice emergency response, on-site
assessment, triage, injury assessment and initial handling,
transportation and evacuation during the VR training process.
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VR participants will had 10 min to familiarize themselves with the
equipment as a group, included in the total training time.

To ensure consistency with the VR group, the control group also
had 10 min allocated for familiarization with the training props used
in the tabletop exercises. This time is included within the overall
180-min training duration. The control group’s training consists of
lectures covering basic theoretical knowledge, followed by tabletop
exercises where participants simulate road traffic accident scenes
and discuss injury cases such as severe traumatic brain injuries and
multiple fractures. These scenarios, focusing on injury assessment,
triage, and emergency management, were designed to align closely
with those in the VR training. Both groups engaged with similar
content, ensuring that the control group’s learning experience was
comparable.

2.4 Outcome measures

The primary and secondary outcome measures in this
randomized controlled trial were designed to evaluate the
effectiveness. These measures encompassed both objective
performance metrics and subjective assessments from
participants. The objective effectiveness of VR simulation was
measured using three different aspects. Firstly, the on-site
assessment process included preliminary investigation of the
traffic accident site, analysis of injury mechanisms, assessment of
safety hazards of the accident vehicle, and liaison with other
departments. Secondly, Triage accuracy assessed the precision of
participants in categorizing victims of varying injury severities using
standardized triage models (START). Correct triage decisions were
crucial for managing mass casualty incidents. The third aspect was
the evaluation of the decision-making time and transportation
decisions made by participants throughout the entire process. All
primary outcome measures were evaluated using a standardized 4-
point Likert scale, where 1 represents poor performance (inadequate
or incorrect actions) and 4 represents excellent performance (timely
and accurate execution of tasks as per clinical guidelines).

The secondary outcomes included participant satisfaction and user
experience with the VR training. Training satisfaction was assessed
using a post-training questionnaire, rated on a 5-point Likert scale,
evaluating overall satisfaction, perceived relevance to clinical practice,
and confidence in applying learned skills. This questionnaire was
adapted from standardized measures based on previous studies (Just
et al., 2024; Fahl et al., 2023; Kaim et al., 2024; Kman et al., 2023),
ensuring its relevance and validity. VR user experience (specific to the
VR group) was assessed via a custom questionnaire measuring the
realism of the simulation, ease of use, engagement, and physical
comfort, also using a 5-point Likert scale. Descriptive statistics will
be calculated for these outcomes, and comparisons between groups
were made using independent t-tests or Mann-Whitney U-tests.
Additionally, thematic analysis will was performed on qualitative
open-ended feedback for further insights.

2.5 VR training experience (VR group only)

Participants in the VR group received an immersive virtual
reality training experience, focused on simulating real-world trauma

management scenarios. Each participant engaged in 3D interactive
simulations that replicated emergency response situations in a traffic
accident context. The VR system provided real-time feedback on
performance, allowing participants to adjust their operational
actions during the simulation under the guidance of the
instructor to enhance learning, ensuring they became familiar
with the VR system’s interface and controls. Following the
training session, participants completed a survey to evaluate their
experience based on realism, ease of use, immersion, and physical
comfort, using a 5-point Likert scale.

2.6 Statistical analysis

Statistical analyses were performed using SPSS version 25.
Descriptive statistics were presented as means ± standard
deviations for continuous variables and percentages for
categorical variables. Before conducting group comparisons, the
normality of continuous variables was assessed using the
Shapiro-Wilk test. For normally distributed continuous outcomes,
independent t-tests will be used. If the data were not normally
distributed, non-parametric tests, such as Mann-Whitney U-tests,
were applied. For categorical variables, Chi-square tests or Fisher’s
exact tests will be used, depending on the expected frequency of the
categories. For secondary outcomes, satisfaction and user experience
scores were compared using t-tests. Pearson’s or Spearman’s
correlation coefficient will be used to assess relationships between
subjective and objective outcomes, depending on the normality of
the data. Statistical significance was set at P < 0.05.

3 Result

3.1 Sample characteristics

A total of 76 participants were enrolled in the study and
randomly assigned in a 1:1 ratio to either the virtual reality (VR)
group (n = 38) or the control group (n = 38) (Figures 1, 2). No
participants were excluded after randomization, and all completed
the study. Table 1 summarizes the baseline characteristics for both
groups. The two groups were comparable in terms of age, gender
distribution, years of experience in emergency medicine, and
previous VR Medical Training. The mean age of participants in
the VR group was 25.64 years (SD = 2.06), while in the control
group, the mean age was 25.49 years (SD = 2.65) (P = 0.85). The
percentage of male participants was 63.16% in the VR group and
71.05% in the control group ((P = 0.94). The mean number of years
of experience in emergency care was 2.91 years (SD = 1.26) in the VR
group, compared to 2.56 years (SD = 1.48) in the control group (P =
0.28). There were no significant differences between the groups in
any of the baseline characteristics, indicating that randomization
successfully balanced the two groups.

3.2 Objective effectiveness

In terms of objective performance metrics, the VR group
outperformed the control group across all evaluated aspects
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(Figure 3). The mean score for on-site assessment in the VR group
was 2.83 ± 0.82, compared to 2.62 ± 0.88 in the control group (P <
0.05). For triage accuracy, the VR group scored 3.29 ± 0.73, while the
control group scored 2.97 ± 0.75(P < 0.05). Similarly, the mean score
for transportation decision-making was higher in the VR group
(3.27 ± 0.86) compared to the control group (2.97 ± 0.91) (P < 0.05).
These results indicate that VR-based training facilitated better
overall performance in emergency management tasks than
traditional training methods.

3.3 Subjective effectiveness

As shown in Table 2, participants in the VR group generally
reported higher levels of satisfaction and perceived
improvements in various aspects of the training compared to
the control group. Regarding understanding of emergency
response to traffic accidents, 94.74% of the VR group rated
the course positively (scores of 3–5), compared to 73.69% in
the control group. Similarly, 50.00% of the VR group indicated
significant improvement in practical skills (scores of 4–5),
compared to 34.21% in the control group. In terms of
applying theoretical knowledge to practical situations, 73.68%
of the VR group gave high ratings (scores of 4–5) versus 57.89%
in the control group. Both groups rated the course structure
favorably, with 65.79% in the VR group and 68.42% in the control
group assigning scores of 4–5. However, the VR group reported

greater satisfaction with the tools and materials provided (63.16%
vs. 39.47%). Additionally, the VR group found the content more
comprehensive (78.95% vs. 57.89%) and reported that the course
better met their expectations (68.42% vs. 55.26%). Confidence in
applying learned skills in real-life emergency situations was also
higher in the VR group (68.42% vs. 34.21%). Finally, the VR
group reported better preparedness for dealing with traffic
accident injuries (73.68% vs. 60.53%) and stronger confidence
in executing emergency protocols (55.26% vs. 39.47%).

3.4 Satisfaction with VR groups

In the VR group, visual experience received generally positive
ratings, with image clarity scoring 4.02 ± 0.87 and scene realism at
3.92 ± 0.77, indicating that participants found the visual
components of the simulation sufficiently detailed and lifelike.
However, the interactive experience was rated slightly lower, with
ease of operation at 3.50 ± 0.91 and feedback responsiveness at
3.55 ± 0.75, suggesting that while functional, there may be room for
improvement in the intuitiveness and responsiveness of the
simulation. In terms of physical comfort, wearing comfort was
rated modestly lower at 2.79 ± 0.95, potentially reflecting
discomfort or difficulties associated with the VR hardware,
although vertigo and motion sickness were moderate at 3.26 ±
0.91, indicating some tolerable levels of discomfort during use.
Lastly, content relevance scored well, with immersive task realism

FIGURE 1
Overview of TrainingMethods andGroup Activities: (A) Students are experiencing the scene of a car accident through VR immersive experiences. (B)
In the VR perspective, the participant uses the controller to point to the injured person and proceeds with further actions. (C) The VR Group’s Perspective
on Resource Allocation and Decision-Making in the Field. (D) Tabletop Exercise Props for the Control Group, Aligned with the VR Group Scenario.
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rated 3.84 ± 0.78 and workflow coherence at 3.39 ± 0.74, showing
that while the content was considered relevant and realistic, the
logical progression of tasks could benefit from more
streamlining (Table 3).

4 Discussion

In this randomized controlled trial, we demonstrated that virtual
reality (VR)-based emergency medical training significantly

FIGURE 2
Flowchart of the study design.

TABLE 1 Baseline characteristics of participants.

Characteristics VR group (n = 38) Control group (n = 38) P-value

Age, years (Mean ± SD) 25.64 ± 2.06 25.49 ± 2.65 0.85

Gender, n (%)

Male 24 (63.16%) 27 (71.05%) 0.94

Female 14 (36.84%) 11 (28.95%) 0.87

Years of emergency work experience (Mean ± SD) 2.91 ± 1.26 2.56 ± 1.48 0.28

Previous VR medical training, n (%)

Yes 2 (5.26%) 1 (2.63%)

No 36 (94.74%) 1 (97.37%)
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enhanced participants’ performance in managing multi-casualty
injuries resulting from traffic accidents compared with
conventional training methods. Specifically, the VR group
showed superior outcomes in terms of on-site assessment, triage
accuracy, and transportation decision-making. These results suggest
that VR offers a more immersive, interactive, and realistic training
environment that better prepares emergency physicians for high-
stress, real-world emergency scenarios. Furthermore, participants in
the VR group reported higher satisfaction and confidence in
applying acquired skills to clinical practice, indicating that VR
training may also enhance psychological resilience and
preparedness. These findings are consistent with previous studies
demonstrating the benefits of VR in other areas of medical
education, such as surgical training and disaster response (Kaim
et al., 2024; Kman et al., 2023); however, our study extends these
benefits to the complex and high-stakes setting of traffic accidents
involving multiple victims. Overall, this study underscores the
potential of VR technology as a superior educational tool for
improving both cognitive and practical skills crucial to
emergency medical care.

The results of this study align with recent literature
demonstrating the effectiveness of VR in medical training across
various domains (Yeung et al., 2021), yet our findings extend these
benefits to the management of complex multi-casualty traffic
accidents. VR training has been increasingly recognized for its
ability to enhance the realism and interactivity of medical
simulations (Chao et al., 2022), thereby improving skill retention
and decision-making (Guo et al., 2021). For example, a 2021 study
demonstrated that VR-based surgical training resulted in
significantly higher accuracy and shorter procedure time in
comparison to traditional methods (Bensky et al., 2021).
Similarly, a randomized trial (Hollis et al., 2020) indicated that
VR simulation enhanced both cognitive and procedural skills for
emergency resuscitation, contributing to improved patient
outcomes. These findings are consistent with our current study,
where participants in the VR group exhibited superior triage

accuracy and decision-making speed. However, while previous
research largely focused on procedural skills in controlled
environments (e.g., surgery and resuscitation), our study expands
VR’s utility to the chaotic and unpredictable nature of trauma care
during multi-casualty incidents. This is supported by recent work,
such as that by Bensky et al. (2021), which emphasized the
importance of immersive VR in improving real-time situational
awareness and adaptive decision-making in emergency settings
(Bensky et al., 2021). In our study, participants in the VR group
demonstrated better handling of multiple trauma cases, indicating
that VR may be particularly beneficial in preparing clinicians for
dynamic and high-stress scenarios common in traffic accidents.

Moreover, the present study adds to the growing body of
evidence advocating for the psychological resilience VR training
provides in emergency care. A study noted that VR-based
training significantly reduced trainee anxiety and enhanced
confidence in coping with stressful medical situations, findings
that are mirrored in our own data, with the VR group reporting
higher self-confidence after training (Hollis et al., 2020). These
benefits are likely attributable to VR’s immersive environment,
which replicates real-world complexities more effectively than
traditional simulations. Despite the promising results, there
remains a need for more research on the long-term retention
of skills learned through VR. Studies, such as the one conducted
by Laing et al. (2023), highlight the potential for VR to improve
long-term knowledge retention, though empirical validation in
emergency medical contexts is still required (Laing et al., 2023).
Future studies may need to focus on evaluating how VR can
contribute to sustained proficiency in high-stakes medical
scenarios over time.

The findings from this study highlight the potential of virtual
reality (VR) training as an effective tool in emergency medical
education, particularly for enhancing the management of multi-
casualty traffic accidents. The VR group not only demonstrated
improved performance in triage accuracy and decision-making
speed, but also reported greater confidence in applying these
skills in real-world scenarios. These improvements may directly
contribute to better patient outcomes by enabling faster and more
accurate decisions in high-pressure environments, which are
critical for minimizing mortality in trauma care (Jones et al.,
2021). Additionally, VR’s capacity to simulate dynamic and
unpredictable scenarios provides trainees with a safe platform
for repeated practice, honing their skills without risking patient
safety (McGowan et al., 2022).

From an educational standpoint, VR offers substantial
advantages in learner engagement and skill retention, which
are increasingly recognized in medical training (Krämer et al.,
2022). It provides a cost-effective and scalable solution to
traditional resource-heavy simulations, reducing logistical
constraints while maintaining a high-fidelity learning
environment (Moreira et al., 2021). Given its ability to
integrate immersive, hands-on experiences with immediate
feedback, VR-based training could play a crucial role in
preparing a highly qualified and agile emergency workforce
capable of responding to crises efficiently (Silva et al., 2021).
This positions VR as a powerful tool to supplement conventional
training, offering new pathways for improving emergency
medical education in both clinical efficacy and scalability.

FIGURE 3
Comparison of VR and conventional training on key emergency
management tasks (4-point likert scale).
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Although this study provides valuable insights into the
potential of virtual reality (VR)-based training in emergency
medical education, several limitations must be acknowledged.
Firstly, as the study was limited to a single hospital, its findings
may not be easily generalized to other regions or institutions with
diverse healthcare systems and technological resources.
Furthermore, the relatively short duration of follow-up does
not allow for the assessment of long-term skill retention,
which is crucial for determining whether the benefits observed
in VR training are sustained over time (Silva et al., 2021).
Another limitation pertains to the physical discomfort

reported by some participants, such as wearing the VR
headset for extended periods, which could affect the overall
engagement and effectiveness of the training (Tang and Chen,
2021). Lastly, the sample size, while adequate for detecting
differences in performance outcomes, was modest for drawing
broader conclusions about VR’s impact across different
experience levels in emergency medicine.

Despite these limitations, the results offer a strong
foundation for expanding research in this area. Future
investigations should include multicenter trials to validate the
findings across diverse healthcare environments using larger and

TABLE 2 Survey on learning experience, course design, and satisfaction.

Strongly disagree Disagree Neutral Agree Strongly agree P-value

1. I believe the course has improved my understanding of emergency response to traffic accidents

VR group 0 (0.00%) 2 (5.26%) 12 (31.58%) 16 (42.11%) 8 (21.05%) 0.045

Control group 4 (10.53%) 6 (15.79%) 10 (26.32%) 11 (28.95%) 7 (18.42%)

2. I feel that this program has significantly enhanced my practical skills in emergency medicine

VR group 3 (7.89%) 8 (21.05%) 8 (21.05%) 12 (31.58%) 7 (18.42%) 0.49

Control group 3 (7.89%) 7 (18.42%) 15 (39.47%) 8 (21.05%) 5 (13.16%)

3. The training has helped me to better apply theoretical knowledge to practical situations

VR group 0 (0.00%) 0 (0.00%) 10 (26.32%) 20 (52.63%) 8 (21.05%) 0.22

Control group 0 (0.00%) 4 (10.53%) 12 (31.58%) 13 (34.21%) 9 (23.68%)

4. The course structure was well-organized and progressed logically

VR group 0 (0.00%) 2 (5.26%) 11 (28.95%) 15 (39.47%) 10 (26.32%) 0.89

Control group 0 (0.00%) 1 (2.63%) 11 (28.95%) 19 (50.00%) 7 (18.42%)

5. The tools and materials provided were sufficient for me to practice emergency procedures effectively

VR group 0 (0.00%) 4 (10.53%) 10 (26.32%) 17 (44.74%) 7 (18.42%) 0.01

Control group 3 (7.89%) 7 (18.42%) 13 (34.21%) 12 (31.58%) 3 (7.89%)

6. The content provided in the training was comprehensive and met my learning needs

VR group 0 (0.00%) 2 (5.26%) 6 (15.79%) 19 (50.00%) 11 (28.95%) 0.01

Control group 0 (0.00%) 4 (10.53%) 12 (31.58%) 13 (34.21%) 9 (23.68%)

7. This course met my expectations regarding practical training in emergency medicine

VR group 0 (0.00%) 3 (7.89%) 9 (23.68%) 18 (47.37%) 8 (21.05%) 0.31

Control group 1 (2.63%) 2 (5.26%) 14 (36.84%) 15 (39.47%) 6 (15.79%)

8. I feel confident in applying the knowledge this course has provided in real-life emergency situations

VR group 2 (5.26%) 2 (5.26%) 8 (21.05%) 14 (36.84%) 12 (31.58%) 0.01

Control group 5 (13.16%) 6 (15.79%) 14 (36.84%) 8 (21.05%) 5 (13.16%)

9. This course has prepared me well for dealing with traffic accident injuries in the future

VR group 0 (0.00%) 0 (0.00%) 10 (26.32%) 18 (47.37%) 10 (26.32%) 0.16

Control group 0 (0.00%) 3 (7.89%) 12 (31.58%) 15 (39.47%) 8 (21.05%)

10. I believe I can execute the emergency protocols learned during the course with confidence

VR group 1 (2.63%) 2 (5.26%) 14 (36.84%) 12 (31.58%) 9 (23.68%) 0.02

Control group 1 (2.63%) 6 (15.79%) 15 (39.47%) 13 (34.21%) 2 (5.26%)
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more heterogeneous participant pools (Gerardi and Chung,
2020). Additional studies should also focus on optimizing the
VR hardware to improve user comfort and reduce issues such as
fatigue and motion sickness, which were noted in both our study
and previous research (Zhang et al., 2022). Longitudinal
assessments are needed to evaluate the long-term retention of
skills learned through VR training, particularly in high-pressure
scenarios specific to traffic accidents (Leung et al., 2023). Finally,
further research should explore the integration of haptic feedback
and advanced physiological simulations to enhance the realism of
VR training and potentially extend its application to other areas
of emergency care, such as mass casualty or disaster response
(Alaraj et al., 2021).

5 Conclusion

In conclusion, this randomized controlled trial demonstrates
that virtual reality (VR)-based emergency medical training offers
significant advantages over traditional training methods in
enhancing both the objective and subjective competencies of
emergency physicians in managing complex multi-casualty traffic
accidents. Participants trained using VR showed superior
performance in triage accuracy, on-site assessment, and
transportation decision-making, alongside higher levels of
confidence and preparedness for real-world emergency scenarios.
These findings support the broader adoption of VR as a valuable
educational tool in emergency medicine, particularly in high-stakes
environments where rapid decision-making is critical. Furthermore,
the scalability and resource efficiency of VR suggest that it could
become an integral part of routine emergency medical training,
filling critical gaps in traditional methods without compromising
patient safety.

Future studies should focus on assessing the long-term retention
of skills acquired through VR, as well as exploring its potential for
widespread use in other areas of trauma care and emergency medical
education. By continuing to refine and integrate VR technology, we
can significantly enhance the training and preparedness of
healthcare providers, ultimately improving patient outcomes in
emergency settings.
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TABLE 3 Comprehensive multidimensional assessment of VR training experience.

Consider dimensions Likert plot results of VR group assessment
(mean ± SD)

Visual experience Image clarity 4.02 ± 0.87

Scene realism 3.92 ± 0.77

Interactive experience Ease of operation 3.50 ± 0.91

Feedback responsiveness 3.55 ± 0.75

Physical comfort Wearing comfort 2.79 ± 0.95

Vertigo and motion sickness 3.26 ± 0.91

Content relevance Immersive task realism 3.84 ± 0.78

Coherence of workflow 3.39 ± 0.74
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