JMIR XR AND SPATIAL COMPUTING (JMXR) Costa et al

Review

Different Delivery Modalities of Virtual Reality Training in
Emergency Medicine: Systematic Review

Marianna Costa!, MD; Martina Codato', MD; Giorgia Brugnera!, MD; Silvia Galiazzo!, MD; Elisabetta Cantele!,
MD; Todd P Chang?, MD, MAcM; Silvia Bressan', MD, PhD

lDepartment of Women’s and Children’s Health, University of Padua, Padova, Italy
2Children’s Hospital Los Angeles, University of Southern California, Los Angeles, CA, United States

Corresponding Author:

Silvia Bressan, MD, PhD

Department of Women’s and Children’s Health
University of Padua

Via Giustiniani 3

Padova 35128

Italy

Phone: 39 049 8213570

Email: silvia.bressan.l @unipd.it

Abstract

Background: Simulation is a cornerstone of emergency medicine education, and virtual reality (VR) has emerged as a
promising immersive and scalable training modality. However, it remains unclear which VR instructional design features most
effectively support learning outcomes.

Objective: We aimed to provide a systematic overview of the literature on immersive VR delivery modalities in prehospital
and in-hospital emergency medicine training, focusing on how different instructional design features influence educational
effectiveness.

Methods: We conducted a systematic review according to the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) 2020 guidelines, including English-language articles examining the use of VR for the training of health
care professionals, specifically randomized controlled trials (RCTs), non-RCTs, and prospective or retrospective observational
comparative studies. PubMed/MEDLINE, Scopus, Embase, and CINAHL were searched up to January 28, 2026. We included
studies evaluating immersive headset-based VR for emergency medicine training among qualified health care professionals.
Studies involving students, laypersons, nonemergency settings, or augmented, mixed, or web-based reality were excluded. Risk
of bias was assessed using the Joanna Briggs Institute critical appraisal tools. Given the wide heterogeneity in methodology
across studies, a meta-analysis was not performed, and findings were synthesized using a structured narrative approach based
on VR delivery modalities.

Results: Six comparative studies in emergency medicine training were included from 1770 identified records. The inclu-
ded studies compared different immersive VR delivery modalities, including varying exposure schedules, software with or
without gamification, machine-guided versus educator-guided training, active versus observational participation with different
persuasive feedback strategies, and VR with or without manikin integration. Educational outcomes were heterogeneous,
including knowledge retention, procedural performance, and learner-related measures. Overall, the included studies were of
moderate to high methodological quality. While observational studies were more susceptible to selection bias, RCTs demon-
strated adequate randomization and statistical analysis. Across the included studies, repeated and temporally distributed VR
exposure consistently improved knowledge retention and performance, whereas gamification, increased persuasive feedback,
educator-guided delivery, and manikin integration showed inconsistent or no additional educational benefit.

Conclusions: Unlike previous reviews focusing on the overall educational value of VR, this review compared different
immersive VR delivery strategies in emergency medicine training. The few studies identified suggest that structured and
repeated engagement with VR simulations may enhance learning effectiveness, whereas additional technological features
do not consistently improve outcomes. The available evidence is limited by the small number of studies, heterogeneous
interventions and outcome measures, and moderate risk of bias, restricting the strength of the conclusions. These findings
suggest that optimizing instructional design may be more important than increasing technological complexity when developing
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immersive VR educational programs. Further high-quality studies with standardized outcome measures are needed to identify
the most effective VR training strategies for emergency medicine education.

Trial Registration: PROSPERO CRD42024507591; https://www .crd.york.ac.uk/PROSPERO/view/CRD42024507591

JMIR XR Spatial Comput 2026,3:e84310; doi: 10.2196/84310

Keywords: simulation; virtual reality; VR delivery modalities; emergency training; educational strategies

Introduction

Emergency care represents a particularly high-risk set-
ting, characterized by operational complexity, intense time
pressure, rapidly evolving situations, and dynamic team
structures [1]. For this reason, it is important that both
health care professionals working in this field and personnel
in training receive proper and repeated emergency training.
In some institutions, the number of residents has increased
over the years, leading to varying levels of preparedness for
critical events and reduced opportunities for direct emergency
clinical experience [2-4]. As a result, many residents receive
less exposure to emergency scenarios than required, raising
concerns that they may not acquire the necessary competen-
cies during their training.

Limited exposure to time-critical emergencies has
highlighted the need to expand simulation-based medical
education. Simulation has become an essential component of
emergency medicine education, providing a safe, controlled
environment that ensures psychological safety and enhances
skill retention. This educational approach enables health care
professionals to practice managing high-stakes scenarios at
various levels of complexity, improving their readiness to
respond effectively in real-life emergencies [5].

Different simulation techniques and delivery modalities
have been employed for various training purposes; as a matter
of fact, one educational approach cannot adequately cover
trainees’ needs at each learning level. Substantial empirical
research concerning conventional manikin-based simulation
underscores the effectiveness of simulation training com-
pared to traditional educational methods [5]. Manikin-based
simulation is recognized as a useful and safe technique;
the modalities to conduct health care simulation scenarios
(location, equipment, and human resources needed) according
to the planned learning objectives are well described [6].
Although manikin simulation has advantages (skill prac-
tice, multidisciplinary team training), it requires significant
resources (instructors, medical equipment, and a dedicated
setting) to be carried out [6].

Virtual reality (VR) represents a more recent technol-
ogy for simulation training in medical education [7-9]. It
is defined as an immersive technology that reproduces an
environment that completely replaces the physical context
with a 3-dimensional digital space, allowing the user to
engage in a simulated setting for a temporary experience,
often within a safe or controlled area. Through its hardware
components, such as head-mounted displays and joysticks,
and software, VR enables trainees to immerse themselves in
scenarios that closely match real-life settings and to tackle
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progressively challenging tasks through tailored learning
paths [10].

Since virtual simulation can be self-administered, trainees
can access virtual clinical or surgical settings anywhere
at any time and develop self-reliance in specialized areas,
such as pediatric emergency care. There has been a signifi-
cant expansion of interest in research on VR and its many
applications in medical education. The effects of VR-based
training on health care professionals have mostly been studied
in relation to the improvement of technical skills, especially
in the surgical field (laparoscopic surgery or robot-assisted
surgery, and procedural practice) [11,12].

In recent years, simulation through VR in health care
has expanded as an educational tool also for nontechnical
skills training (eg, decision making, leadership, and situation
awareness) [12]. A recent review comparing VR training
with traditional manikin-based simulation for health care
professionals found that VR experiences are most effective
when proctored [13]. Specifically, Foronda et al [13], drawing
on both the literature and experience, recommend providing
learners with guidance prior to VR simulations—such as
instruction on equipment use, preparatory briefings, opportu-
nities for questions, and facilitated debriefing—to enhance the
effectiveness of new technology—based training.

Although the use of VR in medical emergency simula-
tion is expanding, little is known about the effectiveness
of different delivery modalities of VR simulation. The
question is not if VR is effective, but how VR can be
most effective. This is an important area of investigation
to identify the optimal balance between educational benefit
and resource investment. Our systematic review aims to
systematically identify and summarize available scientific
evidence describing immersive VR delivery modalities used
in prehospital and in-hospital emergency medicine training,
with the objective of comparing the different approaches
currently adopted in VR-based educational interventions in
the field of emergency medicine training.

Methods
Study Design

This systematic review was conducted in accordance with
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) 2020 guidelines (Checklist
1). The study protocol was registered in the PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42024507591).
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Search Strategy

Electronic searches were performed in the following
databases: PubMed/MEDLINE, Scopus, Embase, and
CINAHL (with MEDLINE records excluded within the
CINAHL search to minimize duplication across databases)
from January 2000 to January 28, 2026. The initial search was
conducted on January 4, 2025, and rerun on January 28, 2026,
following peer-review feedback, incorporating the suggested
modifications to the search strategy.

The search strategy was developed according to the
PICO (Population, Intervention, Comparison, and Out-
come) framework. The following concepts were com-
bined: population (P)=health care professionals involved
in emergency medicine training; intervention (I)=immersive
VR-based training; comparison (C)=alternative VR delivery
modalities for the same educational purpose; and outcome
(O)=effectiveness of VR delivery strategies.

The search strategy was constructed using MeSH,
CINAHL Headings, and free-text keywords according to
the key research question. No previously published search
filters were used, and no search strategies from prior reviews
were adapted or reused. It was optimized by an experienced
librarian.

The search was limited to English-language publications
and to studies published between 2000 and 2025, as con-
temporary literature was considered most representative of
current applications of VR in health care education. Due
to indexing lag across databases, records published in 2026
may not yet have been fully indexed at the time of the
search update. No study registries were searched. Gray
literature sources were not searched, and no additional
online or print sources were purposefully browsed. We did
not contact corresponding authors, first authors of inclu-
ded studies, or subject-area experts to identify ongoing or
unpublished studies. The reference lists of eligible articles
were screened to ensure inclusion of all relevant articles.
The full search strategies for all databases are reported in
Checklist 2 according to the PRISMA-S (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Literature
Search Extension) extension for reporting literature searches
in systematic reviews. All records identified through database
searching were uploaded into the Covidence software for
duplicate removal and systematic screening of eligible
studies.

Inclusion Criteria

We included English-language articles focusing on VR used
for the training of health care professionals (ie, medical
students, residents, clinicians, trainees, assistants, interns,
nurses, emergency technicians, paramedics, and prehospital
physicians) in prehospital and in-hospital medical emergen-
cies. We examined its application both in the context of
formal emergency medicine training programs and, more
broadly, in educational interventions designed to enhance
the competencies of health care professionals in the man-
agement of acute and urgent clinical scenarios. Our review
included randomized controlled trials (RCTs), non-RCTs,
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and observational prospective and retrospective comparative
studies.

Exclusion Criteria

We excluded studies exclusively enrolling laypeople,
nonqualified health care workers, or students. Studies
focusing on VR training for scenarios different from medical
emergencies and studies assessing augmented reality, mixed
reality, or web-based platforms instead of head-mounted
display VR technology were excluded.

Augmented reality is defined as a technology that extends
or enhances the real physical environment with superimposed
virtual content, enabling hybrid experiences that combine real
and digital elements, accessible in everyday contexts through
mobile devices, wearables, or projectors, whereas mixed
reality has been defined as any user experience combining
real and virtual objects, with mixed reality’s 2 subforms being
augmented reality and augmented virtuality [10].

Study Selection

Identified records were screened based on the inclusion
and exclusion criteria. Two independent reviewers (GB and
SG) initially screened the articles based on their titles and
abstracts. Eligible papers underwent full-text assessment to
identify papers that eventually met the inclusion criteria.
Any disagreement during the study selection process was
discussed with a third independent reviewer (SB) to resolve
discrepancies.

Data Extraction

Relevant information from the included studies was extracted
by 2 independent reviewers (M Codato and EC) using an
ad hoc data extraction tool. At this stage, any disagreement
on the data to be extracted was resolved through discussion
with a third reviewer (SB). We extracted information on
the authors, journal, year of publication, country of study
conduct, study design, characteristics of the study popula-
tion, study objectives, VR training characteristics and type
of scenarios, VR delivery modalities (intervention/control),
and results on the effectiveness of the VR delivery modali-
ties assessed. The outcomes assessed by each included study
reflected improvements in both technical skills and nontech-
nical competencies, such as clinical reasoning, prioritization
of interventions, and situational awareness. Effect sizes were
interpreted according to Cohen d conventional thresholds
(small=0.2, moderate=0.5, and large=0.8). Cohen d was
derived from the reported means and SDs using the standard
formula [14].

Data Analysis

Given the substantial heterogeneity in study designs,
interventions, comparators, and outcome measures, a
quantitative meta-analysis was not performed. Instead, the
findings were synthesized using a structured narrative
synthesis informed by the Guidance on the Conduct of
Narrative Synthesis in Systematic Reviews [15].

The synthesis proceeded in 3 stages. First, studies were
grouped according to the educational domain targeted by
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the intervention, including technical skills acquisition and
recognition of emergency clinical scenarios, cardiopulmo-
nary resuscitation (CPR) training and the approach to
clinical emergencies, and collaborative training. Within
these domains, studies were further organized according
to key VR delivery characteristics, including gamification,
frequency and spacing of exposure (distributed vs single-ses-
sion training), level of immersion and participation (active
vs observer-based learning), feedback modality (persuasive
vs minimal feedback), and integration with manikin-based
simulation or traditional training modalities.

Interpretation of the findings incorporated consideration of
methodological quality, risk of bias, and contextual fac-
tors, such as participant characteristics, training setting, and
variability in outcome measurement.

Risk of Bias

Risk of bias assessment was performed by 2 independ-
ent reviewers. Studies were appraised according to the
individual domains of the Joanna Briggs Institute Critical
Appraisal Checklists (see Checklist 3). Any disagreements
were resolved through the assessment of a third independent
reviewer.

Costa et al

The methodological quality of the included studies
informed the interpretation of the findings. In the absence
of a quantitative synthesis, no formal weighting was applied;
however, greater emphasis was placed on findings derived
from RCTs with a lower risk of bias. Findings from stud-
ies with an unclear or higher risk of bias were interpreted
cautiously and considered hypothesis-generating rather than
confirmatory.

Results

Study Characteristics

Following the initial search, a total of 1770 articles were
retrieved, and 52 unique studies were left after duplicate
removal and were screened using the Covidence online
software.

The PRISMA 2020 flowchart for the study selection
process is shown in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 study flow diagram of the study selection process.
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After an independent full-text review based on the inclu-
sion and exclusion criteria, only 5 studies met the inclusion
criteria for our systematic review. One additional article was
identified through hand-searching of the reference lists of

https://xr.jmir.org/2026/1/e84310

through forward citation searching
(n=1)

the included articles, increasing the total number of included
studies to 6. Their characteristics are described in Table 1.
None of the included studies pertained to the prehospital
setting.
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As indicated in Table 1, medical students were the primary
study population in 4 of the 6 included studies. The VR
scenarios, the outcomes, and the delivery modalities assessed
were different.

Three of the included RCTs investigated the use of VR for
technical skills acquisition, disease recognition, and manage-
ment of clinical emergencies, operationalizing the interven-
tion through distinct modalities. These included varying time
intervals between VR training sessions [15], the use of VR
software with or without gamification elements [17], and
educator-guided versus machine-guided VR sessions [16].

Two studies implemented the use of VR for CPR training
[18] and for the approach to clinical emergencies, compar-
ing the use of VR with or without a manikin during CPR
and passive versus active exposure to VR-based training,
respectively [19]. Only 1 study described collaborative VR
sessions delivered through VR software incorporating varying
levels of persuasive feedback intensity.

As shown in Table 2, the learning outcomes and the
measures of effectiveness assessed by the included studies
were also diverse.
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Regarding the use of VR for technical skills acquisition,
disease recognition, and the management of clinical emergen-
cies, no significant differences were identified in the RCTs
comparing gamification strategies [17] or automated
machine-guided versus educator-guided VR training modali-
ties [16].

In contrast, a study examining different temporal
distributions of VR training exposure demonstrated signifi-
cant differences in outcomes [15]. Specifically, monthly VR
training sessions conducted over 5 months resulted in superior
individual performance scores compared with 2 sessions
delivered within a 3-month period [15].

With respect to CPR training, the study findings indica-
ted no statistically significant differences between groups
in terms of chest compression rate or depth. However, a
statistically significant difference was observed in full chest
recoil, favoring the control group that initially underwent
traditional CPR simulation training [18].

Table 3. Synthesis of virtual reality modalities.

Costa et al

Similarly, considering the approach to emergencies as a
learning objective, comparisons between active and passive
VR exposure revealed that passive participation—defined as
observing the VR scenario from a first-person perspective
via a monitor while peers engaged in the VR training—
was associated with lower self-reported learning success, as
measured by an ad hoc questionnaire [19].

Finally, the study investigating varying intensities of
persuasive feedback embedded within VR software during
collaborative VR sessions found no significant differences
between the study groups [20]. To further synthesize findings
across studies, results were organized according to VR
delivery modalities, focusing on shared instructional design
characteristics rather than individual study outcomes (Table
3).

Virtual reality delivery modality Study

Effect on learning Interpretation

Larsen et al [16]
Lietz et al [17]
Miihling et al [20]
Khanal et al [21]
Kitapcioglu et al [18]

Gamification
Distributed exposure
Active participation
Feedback intensity

Educator involvement

Manikin integration Jaskiewicz et al [19]

No consistent effect Not determinant

Positive Likely beneficial
Positive Enhances engagement
Mixed Context-dependent
No clear benefit Not decisive

Neutral No added value

Quality Assessment

The summary risk-of-bias assessment of the included studies
is displayed in Table 4.

Four of the 6 included studies had an unclear risk of bias
in one or more domains. The evaluation of bias related to

participant retention (question 10) was not applicable to most
included studies. Only one RCT [17] and one observational
study [19] had a low risk of bias. Findings from studies with a
higher risk of bias must be interpreted with caution.

Table 4. Risk of bias assessment of included studies evaluating virtual reality—based educational interventions.

Study 1 2 3 4 5 6 7 8 9 10 11 12 132
RCTP
Khanal et al [21], 2014 r* 20 + < 4 - + + AP + +
Larsen et al [16], 2023 + + + + + + + + + N/A + + +
Lietz et al [17], 2023 + + + ? ? + + + + + + +
Kitapcioglu et al [18],2024  + - ? - + ? + + + N/A + + +
Observational study
Jaskiewicz et al [19], 2020 + + + - - ? + N/A N/A N/A + N/A N/A
Miihling et al [20], 2023 + + + + + + + N/A N/A N/A + N/A N/A

Numbered column headings (1-13) represent the corresponding questions (Items 1-13) of the Joanna Briggs Institute Critical Appraisal Checklist

used to assess the methodological quality of the included studies.
PRCT: randomized controlled trial.

€?: Unclear.

di: Yes (criterion met).

€_: No (criterion not met).

fN/A: not applicable.
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Discussion

This systematic review aimed to compare different VR
delivery modalities for emergency medicine training,
focusing on how specific instructional design features
influence educational effectiveness. Despite the growing
adoption of VR in medical education, only 6 comparative
studies met the inclusion criteria, highlighting the limi-
ted evidence specifically addressing how immersive VR
should be delivered rather than whether VR is effective
per se. Overall, the available evidence suggests that active
learner engagement and repeated, temporally distributed
VR exposure are the instructional strategies most consis-
tently associated with improved learning outcomes, whereas
additional technological features, including gamification,
persuasive feedback, and educator-guided versus machine-
guided delivery, did not demonstrate consistent educational
benefits. However, the small number of studies, together with
their methodological and conceptual heterogeneity, limits the
strength of these conclusions and warrants cautious interpre-
tation.

Notably, several excluded studies compared VR with
alternative educational approaches (eg, conventional lectures
[21], manikin-based simulations [22], video-based training
[23], traditional technique guides [24], etc), highlighting
how research has focused more on whether VR is effective
compared to other teaching techniques than on how VR can
best be effective in enhancing learning.

Timely and active VR exposure appeared to be most
effective for training. Repetitive VR training exposures
over monthly time windows showed a higher dose-response
effectiveness in terms of performance compared with longer
time windows of 3 months [15]. This observation [15] aligns
with broader educational theory and simulation literature.
Beyond VR-specific interventions, the importance of training
frequency reflects broader educational principles related to
spaced learning, which have consistently been associated
with improved knowledge consolidation and long-term skill
retention in medical education [25,26].

Prior research has consistently demonstrated that repeated
exposure to high-fidelity simulation and CPR retraining
improves both knowledge and skill retention [27]. While a
previous study reported a significant decline in CPR skills
within 6 to 12 months after training [28]—suggesting the
need for refresher sessions within that timeframe—a more
recent scoping review on pediatric CPR retraining strategies
indicates that shorter, more frequent refreshers may be more
effective for sustaining performance [29].

Although definitive evidence regarding the optimal
retraining interval remains limited, even brief monthly
refresher sessions, lasting as little as 2 minutes, appear
to enhance skill retention and support higher-quality CPR
performance over time [29]. While optimal retraining
intervals remain unclear, VR appears to offer an effec-
tive platform for facilitating distributed learning, enabling
repeated, spaced practice to enhance skill acquisition and
retention.

https://xr.jmir.org/2026/1/e84310

Costa et al

The addition of gamification elements did not result
in measurable improvements in technical performance,
suggesting that engagement-enhancing features alone may
not translate into superior learning outcomes [17]. Although
gamification did not improve objective technical performance
in the included study, previous literature suggests that game
elements may still enhance learner engagement, motivation,
and training adherence. Their educational effectiveness may
therefore depend less on the presence of gamification itself
and more on how these elements are pedagogically integrated
within the learning experience [30].

Likewise, machine-guided VR training achieved out-
comes comparable to educator-guided training [16], raising
important considerations regarding scalability and resource
allocation.

In settings with limited faculty availability, automated
VR modules may represent a feasible alternative without
substantial loss of effectiveness. This finding may have
important implications for emergency medicine education,
where increasing learner volumes, limited faculty time, and
restricted access to simulation centers frequently constrain
the delivery of simulation-based training. Recent evidence
suggests that Al- or machine-guided VR systems may offer
scalable and accessible alternatives to traditional facilitator-
dependent simulation by supporting autonomous, repeata-
ble, and remotely accessible training experiences without
substantial reductions in educational effectiveness [31].

With respect to CPR training, VR alone did not con-
sistently improve objective performance measures, such as
compression depth or rate when compared with traditional
approaches [18]. These findings suggest that, for psychomo-
tor skills requiring tactile feedback, VR may need to be
integrated with physical manikins or complementary training
modalities. These findings differ from those of a study
that evaluated manual skill acquisition during CPR training
using both guided and semiguided VR modes [32]. This
paper demonstrated that repeated practice of chest compres-
sions in VR significantly improved performance—particu-
larly compression rate—regardless of whether a manikin
was used. However, this study [32] was excluded from
the present analysis as it involved undergraduate computer
science students, which does not align with the target group
of this review.

Conversely, in cognitive domains such as prioritization,
situational awareness, and emergency algorithms, VR appears
to offer potential benefits, particularly when learners are
actively immersed rather than passively observing scenarios
[19].

Recent studies have reported VR sessions involving both
learners immersed in the virtual environment and others
observing the scenario on external displays while contributing
in an observational role [33,34].

These approaches may support collaborative learning,
reflective observation, and peer-assisted learning, which
are recognized educational components of simulation-based
training. However, current evidence remains insufficient to
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determine whether multi-learner immersive formats provide
meaningful advantages over simpler single-user models.

Collaborative VR environments and persuasive feed-
back systems have not consistently demonstrated superior
outcomes compared with less complex approaches [20].
This may reflect the still-evolving educational integration
of collaborative VR modalities rather than an actual lack of
educational benefit.

Notably, few studies [15,19] incorporated structured
debriefing into VR-based training, despite its well-established
role in simulation-based education. An observational study
[19] cites a 60-minute debriefing phase, which occurred
after VR-based training; it is described as a tutor-guided
review to summarize and discuss problem-solving issues. The
articles mentioned above described the debriefing phase as a
useful moment for feedback; however, they did not include a
comparison between 2 different debriefing modalities.

Debriefing phase in manikin-based simulation has a
well-defined role and structure, focusing mainly on nontech-
nical aspects of clinical case management; in VR simulation,
it still seems to have the main aim of providing techni-
cal corrections [35,36]. The educational role of debriefing
within immersive VR therefore remains poorly defined and
represents an important area for future research.

Overall, VR offers important educational advantages,
including standardized scenarios, scalability, and flexible
access independent of physical simulation centers [37,38].
These characteristics may be particularly relevant in contexts
with limited faculty resources or high learner volumes.
However, its educational value depends less on technolog-
ical complexity than on how it is integrated into simula-
tion curricula. Future educational programs should therefore
incorporate VR within evidence-based instructional designs
that promote active learner engagement, distributed practice,
meaningful feedback, and the acquisition of both technical
and nontechnical competencies, particularly decision-making
in complex emergency scenarios.

This review has several limitations. First, only a small
number of studies met the inclusion criteria, limiting

Costa et al

the robustness of comparisons across modalities. Second,
substantial conceptual and methodological heterogeneity was
present in interventions, comparators, and outcome measures,
preventing quantitative synthesis. Additionally, a risk of bias
was present in several studies, particularly in blinding and
allocation procedures. Third, most studies were conducted
among undergraduate medical students, limiting generaliza-
bility to practicing clinicians and multidisciplinary emergency
teams. Fourth, many outcomes were subjective or based
on short-term assessments, and none evaluated long-term
retention or patient-level clinical outcomes. Lastly, only a
few studies explored the cost-effectiveness of various VR
modalities. These limitations should be considered when
interpreting the present findings and highlight the need for
more standardized comparative research.

Unlike previous reviews focusing on the overall educa-
tional value of VR, this review compared different immersive
VR delivery strategies in emergency medicine training.

By systematically differentiating and comparing distinct
VR delivery modalities, this review addresses a critical
gap in the literature. Although interest in VR in this field
has grown substantially, robust comparative evidence across
different delivery modalities remains scarce and fragmented.
The few studies identified suggest that timely and structured
engagement with VR-based training may enhance educational
outcomes. Collectively, this work contributes to advancing
simulation-based education and supports the development
of more effective, scalable, and strategically implemented
emergency training programs. Further high-quality research
is needed to determine the most effective VR strategies
for emergency medicine education. Rather than investing
primarily in increasingly sophisticated VR technologies,
future educational programs should prioritize evidence-based
instructional design principles that promote active participa-
tion, distributed practice, and meaningful feedback. Standar-
dized outcome measures and multicenter comparative trials
will be essential to establish best practices for immersive VR
implementation in emergency medicine education.
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