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Abstract

Background Accurate triage is essential for efficient emergency care; however, little is known about the com-
parative effectiveness of interactive lecture (IL), virtual reality (VR), and feedback-based virtual reality (FVR)
for Emergency Severity Index (ESI) triage training among nursing students.

Aim This study investigated the effects of interactive lecture (IL), VR, and FVR on the precision of triage assess-
ments and on nursing students’ satisfaction with the Emergency Severity Index (ESI)..

Methods A quasi-experimental pretest—posttest design with three arms was conducted among sixth-semester
nursing students (n=64) at Shahid Beheshti University of Medical Sciences in Tehran, Iran. Participants were
assigned non-randomly, according to their existing course sections and the scheduling of the training sessions, to
IL (n=22), VR (n=22), or FVR (n=20). Triage accuracy was evaluated using a 10-item scenario-based assess-
ment administered before the intervention, immediately after its completion, and one week later. Satisfaction
was measured utilizing a validated 18-item questionnaire. Data analysis was performed using repeated-measures
ANCOVA and one-way ANOVA, with a significance level set at p<0.05.

Results Among 64 nursing students, baseline demographic characteristics and GPA were comparable across
groups; baseline triage accuracy was highest in the FVR group, and the between-group difference approached sig-
nificance (p=0.055), so all comparisons were adjusted for baseline accuracy. Immediately after the intervention,
mean triage accuracy was highest in the FVR group, followed by the VR and IL groups; however, the between-
group difference was not statistically significant (p=0.328). The overall main effect of time was not statistically
significant (p=0.391). At the one-week follow-up, accuracy declined in the VR and FVR groups but continued to
improve in the IL group, resulting in a significant time X group interaction (p=0.028), suggesting different learn-
ing trajectories across instructional methods. Satisfaction was high and comparable across all groups (p=0.63),
indicating similar acceptability.

Conclusion All three instructional methods were favorably regarded by students, and post-intervention triage
accuracy did not differ significantly between them at either assessment point. The overall main effect of time
was not statistically significant; however, the significant time X group interaction indicates that accuracy followed
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different trajectories across methods, with continued improvement in the IL group at one week. These findings
do not establish the superiority of any single method. VR may serve as a complement to instructor-led teaching
rather than a replacement for structured discussion and guided reasoning, and larger studies with longer follow-up
are required to confirm these patterns.

Trial registration Not applicable.

Keywords Virtual reality - Interactive lecture - Emergency severity index - Nursing students - Triage
accuracy - Satisfaction

Introduction

Triage aims to provide optimal care to the most significant number of patients by stratifying individuals according
to the urgency of their medical requirements. The term derives from the French word “trier,” historically used in
the 15th century to categorize goods based on price and quality [1]. Contemporary triage methodologies in civil-
ian emergency departments were initially defined by Weinerman et al. in 1964 [2].

Accurate triage is essential for optimal resource allocation and improved patient outcomes; however, research
indicates that only 59% of triage assessments are precise [3, 4]. Its importance is especially pronounced in high-
volume emergency departments [5]. Internationally, various systems are used, including the Australian Triage
Scale, the Manchester Triage System, and the Emergency Severity Index (ESI), which is used in the United States
and Iran [3, 5].

The ESI, widely used in hospital triage protocols, classifies patients into five categories based on acuity and
resource requirements. Levels 1 and 2 are predominantly determined by the severity of the patient’s condition.
In contrast, levels 3 through 5 depend on the quantity of resources required, such as laboratory tests, intravenous
fluids, or consultations [4, 6, 7]. The most recent revision (ESI v5, 2023) includes age-adjusted vital signs to
enhance differentiation between levels 2 and 3 [4, 6, 7]. The ESI has demonstrated significant advantages, includ-
ing the rapid identification of high-risk patients, improved staff and patient satisfaction, optimal resource utiliza-
tion, and the development of a standardized communication framework [3, 4, 6].

In view of the escalating demands posed by a growing population and the insufficient expansion of emergency
services, it is crucial to implement effective triage training to reduce delays, errors, and adverse outcomes [5,
8, 9]. Although traditional lectures are frequently utilized, they often lack active student engagement and may
be less effective in teaching triage skills [10—12]. Enhanced interactive lectures, involving discussions and case
analyses, promote active, student-centered learning [10, 11, 13, 14]. Simulation-based approaches provide safe
environments for skill development; however, the use of traditional mannequins can be costly, occupy consider-
able space, and may not accurately replicate real clinical scenarios [15—-17].

Emerging technologies such as virtual reality (VR) provide immersive, computer-generated three-dimensional
environments that enable users to experience and interact with simulated real-world settings through head-
mounted displays and motion tracking, creating a sense of presence within the virtual environment [18]. These
environments facilitate safe, flexible, and performance-tracked practice [12, 19-23]. In the present study, feed-
back-based virtual reality (FVR) refers to the same immersive VR scenarios used in the VR group, supplemented
by a structured, facilitator-guided debriefing after each scenario. During this debriefing, learners stated their
assigned triage level and rationale, received corrective feedback, and discussed the reasoning underlying the
expected decision. This operationalization is consistent with evidence emphasizing the role of formative feed-
back and structured debriefing in technology-enhanced simulation learning [20, 22]. Research indicates that VR
enhances engagement and satisfaction; however, studies report mixed results on triage performance compared
with lectures or live simulations [12, 24-26].

A three-way comparison of IL, VR, and FVR is educationally important beyond the introduction of new
technology, as these approaches differ in instructional guidance, learner autonomy, environmental realism,
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interactivity, feedback, cognitive demands, and resource requirements. Interactive lectures allow for immedi-
ate clarification and discussion, whereas VR provides immersive, realistic clinical experiences, and FVR adds
structured feedback that may facilitate error correction and skill refinement [27]. Therefore, comparing these
modalities can help determine whether differences in triage learning outcomes are related primarily to technologi-
cal immersion, instructional guidance, feedback mechanisms, or the way clinical information is presented and
processed. Such evidence can support evidence-based curriculum development and assist nursing educators in
selecting educational approaches that are both effective and feasible [27].

This study is also guided by Cognitive Load Theory (CLT) and Multimedia Learning Theory. CLT suggests
that working memory has limited capacity and that effective instructional design should minimize unnecessary
cognitive demands while supporting meaningful learning [28, 29]. This perspective is particularly relevant to tri-
age education, where students must rapidly integrate multiple clinical variables and make complex prioritization
decisions [29]. Multimedia Learning Theory further proposes that learners construct knowledge by integrating
verbal and visual information with prior knowledge [30]. Accordingly, VR and FVR may enhance learning by
providing realistic visual representations and interactive experiences; however, their effectiveness depends on
appropriate instructional design rather than immersion alone.

Considering the paramount importance of triage in optimizing resource allocation, reducing treatment delays,
and improving patient outcomes, it is imperative to ensure that training is both effective and dependable. Evidence
regarding the implementation and effectiveness of innovative educational methodologies, including VR, in triage
training remains inconsistent. Despite the growing use of VR in nursing education, direct comparative evidence
on the effectiveness of interactive lecture (IL), VR, and feedback-based virtual reality (FVR) for Emergency
Severity Index (ESI) triage training remains limited. Furthermore, with recent modifications to the ESI algorithm,
including the integration of age-adjusted vital signs, evaluating the effectiveness of these educational approaches
in accordance with updated guidelines has become increasingly important. Therefore, this study aimed to com-
pare IL, VR, and FVR in terms of triage-level estimation accuracy and nursing students’ satisfaction.

Method

Design and setting

This study employed a quasi-experimental pretest—posttest design with three groups and was documented in
accordance with the TREND (Transparent Reporting of Evaluations with Nonrandomized Designs) guidelines
(Supplementary Material 1) [31]. Participants were not randomly allocated to the study groups: group assign-
ment followed existing course sections and the training session schedule, and no random allocation sequence was
generated. The study is therefore reported as a nonrandomized evaluation, consistent with the TREND statement.
This research was conducted at the School of Nursing and Midwifery, Shahid Beheshti University of Medical
Sciences, Tehran, Iran.

Participants

The study involved sixth-semester nursing students from the School of Nursing and Midwifery at Shahid Beheshti
University of Medical Sciences who met the inclusion criteria and provided informed consent. Participants were
required to have completed the preceding five semesters, to be enrolled in the “Emergency Nursing in Crises
and Disasters” course for the first time, and to demonstrate proficiency in operating VR equipment. Students
were excluded if they participated in any other educational program during the study, withdrew from either the
research or the nursing program, expressed unwillingness to continue, were employed in the emergency depart-
ment or triage unit during the study, or submitted incomplete questionnaires.
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Sample size

The required sample size was calculated using GPower software (version 3.1). Because the primary objective was
to examine the time x group interaction, an F test with the repeated-measures between-within interaction option
was used. Assuming three groups and three measurement points, an effect size of f=0.379 was used, denoting
a moderate-to-large effect [32]. The significance level was set at a=0.05, and the statistical power at 0.80. The
correlation among repeated measurements was presumed to be 0.5, and the nonsphericity correction factor was
set to 1. Based on these assumptions, the minimum required sample size was estimated at 54 participants (18 per
group). To account for an anticipated attrition rate of 20%, the final sample size was adjusted to 66 participants,
with 22 per group. Ultimately, 64 participants were included in the final analysis because two participants in the
FVR group were absent on the day of the intervention and final assessment and did not complete the required
evaluations.

Intervention

This quasi-experimental study evaluated the accuracy of triage level estimation (assessed before, immediately
after, and one week following the intervention) and participant satisfaction with the pedagogical approach
(assessed before and after the intervention) across three instructional modalities: (1): VR, (2), FVR, and (3) IL.
A list of all sixth-semester nursing students was obtained from the School of Nursing and Midwifery. Eligible
students who agreed to participate were enrolled in the study. Following enrollment, participants were assigned
to one of three educational groups: interactive lecture (IL), virtual reality (VR), or feedback-based virtual reality
(FVR). Because the intervention had to be delivered within the existing timetable of the “Emergency Nursing
in Crises and Disasters” course, assignment was determined by the students’ existing course sections and the
scheduled training sessions rather than by a random allocation sequence. Assignment continued until the intended
number of participants per group was reached, so that group sizes remained approximately balanced.

Content development

Content for all three modalities was obtained from the finalized ESI Triage guideline. For the IL, instructional
slides were meticulously created in accordance with the final guideline and subsequently reviewed and approved
by a specialized committee. Regarding the VR interventions, a multidisciplinary expert committee, including
research team members, medical education specialists, emergency medicine clinicians, and e-learning profes-
sionals, drafted multiple triage scenarios that were iteratively reviewed and refined until consensus was reached.
Scripts illustrating triage scenes featuring simulated patients and a triage nurse in a realistic emergency triage
environment (including ambient noise and makeup) were prepared. Filming was conducted using a 360° camera
with real actors in a triage setting; a VR engineer subsequently handled VR editing and integration. The special-
ist committee further reviewed the preliminary VR content to ensure fidelity to learning objectives and realism.

Participant recruitment

Following approval from the Institutional Review Board at Shahid Beheshti University of Medical Sciences and
authorization from the university’s Research Deputy, the researcher engaged the School of Nursing and Midwifery
to undertake participant recruitment. A list of all eligible sixth-semester nursing students was obtained from the
School of Nursing and Midwifery. Students who met the eligibility criteria and provided written informed con-
sent were enrolled in the study. Recruitment commenced on 13 August 2024, one week after ethical approval was
granted, and continued for two months and ten days until 24 October 2024, during which eligible students were
enrolled and the training sessions were delivered. Because triage accuracy was reassessed one week after each
session, the final follow-up assessment was completed on 31 October 2024. After enrollment, each participant
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was assigned a unique identification code for data-management purposes. Group assignment was non-random.
Participants were allocated to one of the three intervention groups (IL, VR, or FVR) based on their existing
course sections and scheduled training sessions, and assignments continued until the intended number of par-
ticipants per group was reached. No random allocation sequence was generated, and no allocation concealment
procedure was applied. Given the nature of the intervention and its educational component, we could not blind
the interventionist or participants; therefore, we ensured that the outcome assessors and the analyst were blinded.

Interactive lecture (IL)

All participants in the interactive lecture group initially completed the demographic form. Subsequently, a pre-
test comprising ten scenario-based items evaluating triage estimation accuracy was administered. Participants
received a concise overview of the ESI triage using a standardized flowchart. The instructional session lasted two
hours and employed an interactive format, incorporating case presentations, guided reasoning, and facilitated dis-
cussions. During case analyses, the instructor promoted dialogue among students and between students and the
instructor. Students were responsible for determining triage levels for the scenarios presented and justifying their
decisions. The instructor provided step-by-step guidance and corrective prompts whenever participants diverged
from correct reasoning.

Virtual reality (VR)

Participants assigned to the VR arms also completed the demographic form and the identical 10-item pretest.
Students were organized into small groups of four for the VR sessions. Each group received a brief orientation
to the ESI Triage utilizing the standardized flowchart and a short prerecorded conventional video. Subsequently,
students viewed the VR scenarios using head-mounted displays and headphones, observing each from a first-
person perspective that reflected a clinician operating in that environment. Participants in both VR groups were
permitted to repeat scenarios within the session and could view each video up to two times. Faculty facilitators
were available to provide technical support and guidance.

Feedback-based virtual reality (FVR)

In the FVR group, an additional structured debriefing session was conducted after each scenario. Students engaged
in approximately five minutes of discussion, during which they reported the triage level they had assigned and
the rationale for their decision; the facilitator then provided corrective feedback and elaboration based on the
learners’ responses. The debriefing followed a post-event, facilitator-guided format consistent with established
descriptions of healthcare simulation debriefing. Conversely, the VR group received identical exposure to sce-
narios and facilitator support but without the structured scenario-by-scenario feedback debrief.

Post-intervention follow-up

Immediately following the instructional session, all participants across the three groups completed a posttest
comprising 10 scenario-based items, designed from real-world situations and calibrated for difficulty. Participants
were required to specify the triage level and provide justifications for their decisions. The same testing procedure
was administered again one week later, using a comparable set of items, to evaluate retention of triage estimation
accuracy. Additionally, following the intervention, all students completed a satisfaction questionnaire to assess
their satisfaction with the instructional method. Each test was scored according to established criteria, producing
an accuracy score for each individual.
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Data collection tools

Data were collected using three instruments: (1) the Amanat et al. satisfaction with teaching method question-
naire (2), a set of scenario-based items to assess triage estimation accuracy, and (3) a researcher-developed demo-
graphic questionnaire.

Satisfaction with teaching method questionnaire

Participant satisfaction was assessed using the questionnaire developed by Amanat et al. (2009) [33]. The instru-
ment comprises 18 items rated on a 5-point Likert scale (1 =strongly disagree; 2=disagree; 3 =neutral; 4=agree;
S5=strongly agree), producing total scores ranging from 18 to 90. In the original validation research, content
validity was established by eight faculty members, and internal consistency was evidenced by a Cronbach’s alpha
coefficient of 0.89 [33]. In the current study, the content validity of the questionnaire was reviewed by ten faculty
members from the School of Nursing, and ten nursing students assessed its face validity. Internal consistency
within this sample was high, with a Cronbach’s alpha coefficient of 0.94.

Scenario-based triage test

The accuracy of triage estimation was evaluated using thirty scenario-based items that accurately emulate real clin-
ical situations. The research team developed these scenarios and subsequently had them reviewed and approved
by three triage nurses and two emergency medicine physicians to ensure clinical authenticity and content validity.
The thirty items were systematically divided into three equivalent forms, each containing ten items, designated
for pretest, immediate posttest, and one-week follow-up, thereby maintaining balanced difficulty across the sets.
Each item comprises a four-option multiple-choice question scored dichotomously (1 =correct, 0=incorrect), and
each ten-item test yields a score ranging from 0 to 10.

Item analysis

The quality of items was assessed utilizing difficulty and discrimination indices. For each test, the upper 27%
and lower 27% of examinees, ranked by total test score, were identified, and their response patterns were used
to compute indices using standard classical test theory methods. The difficulty index, ranging from 0 to 100, was
interpreted as follows: values between 30 and 70 denote acceptable item difficulty; values of 29 or below signify
excessively difficult items, while values of 71 or above indicate elementary items. In such cases, items were
considered for revision or elimination. The discrimination index, spanning from —100 to +100, reflects the extent
to which an item distinguishes between high- and low-performing examinees; items exhibiting zero or negative
discrimination were deemed non-discriminative and were considered for exclusion.

Demographic questionnaire

A researcher-designed demographic and academic questionnaire collected participants’ characteristics, including
sex, age, marital status, and mean grade point average (GPA) over the previous five semesters.

All instruments were administered under standardized conditions at identical time points across groups (demo-
graphic form and pretest before the intervention; posttest immediately after the intervention; follow-up test one
week post-intervention). Scoring procedures and item analyses were pre-established and applied uniformly to
ensure the comparability of outcome measures across study arms.
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Data analysis

Data were analyzed using IBM SPSS Statistics (version 20). A two-tailed significance level of a=0.05 was con-
sidered statistically significant for all analyses. Continuous variables are presented as means =+ standard deviations
(SD), whereas categorical variables are presented as frequencies and percentages.

Baseline demographic and academic characteristics were summarized using descriptive statistics. Compari-
sons among the three instructional groups were conducted using one-way analysis of variance (ANOVA) for
continuous variables and chi-square (°) tests or Fisher’s exact tests, as appropriate, for categorical variables.

Before conducting inferential analyses, the normality of continuous variables was assessed using the Shapiro—
Wilk test, and the homogeneity of variances was evaluated using Levene’s test. For repeated-measures analyses,
the assumption of sphericity was examined using Mauchly’s test. When the assumption of sphericity was vio-
lated, Greenhouse—Geisser or Huynh—Feldt corrections were applied.

Changes in triage-level estimation accuracy over time and differences among the three instructional groups
were analyzed using a mixed-design repeated-measures ANCOVA, with time as the within-subjects factor,
instructional group (FVR, VR, and IL) as the between-subjects factor, and baseline (pre-test) accuracy scores as a
covariate. Effect sizes were reported as partial eta squared (partial n?). Post-intervention nursing student satisfac-
tion scores among the three instructional modalities were compared using one-way ANOVA, with Scheffé post-
hoc tests for pairwise between-group comparisons. Mean differences (MD) were also reported for the statistical
comparisons.

Ethical considerations

This study was conducted in accordance with ethical principles and the Declaration of Helsinki. Ethical approval
was obtained from the Ethics Committee of Shahid Beheshti University of Medical Sciences (IR.SBMU.PHAR-
MACY.REC.1403.107), and the university’s Research Deputy granted permission to access participants. Eligible
students were fully informed about the study objectives, procedures, and potential risks and benefits, and written
and verbal informed consent was obtained. Participation was voluntary, and participants could withdraw at any
time without consequence. Confidentiality and anonymity were strictly maintained, and all data were securely
stored to ensure privacy and research integrity.

Results

Participant characteristics

A total of 66 sixth-semester nursing students were initially evaluated for eligibility and assigned to the three
instructional groups. Two participants allocated to the FVR group did not receive the allocated intervention, as
they were absent on the day of the intervention and of the final assessment; no participant was lost to follow-up
thereafter. The final analytical sample therefore comprised 64 students: FVR (n=20), VR (n=22), and IL (n=22)
(Fig. 1).

Overall, 34 participants (53.1%) were female and 30 (46.9%) were male. The distribution of sex did not differ
significantly among the three groups (p=0.45). Most participants were single (93.7%), and marital status was
comparable across groups, with no statistically significant differences observed (p=1.00).

The mean age of participants was 23.53 £3.06 years, and the mean GPA was 17.00+0.89. No statistically sig-
nificant differences were observed among the three groups with respect to age or GPA (p=0.55 and 0.49, respec-
tively). Baseline demographic and academic characteristics are summarized in Table 1.
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Fig. 1 Study flowchart

Table 1 Baseline demographic and academic characteristics

Education Methods FVR VR IL Total p-value
Variable Mean+SD, n Mean+SD, n Mean+SD, n Mean=+SD, n (%)
Sex Female 9 (45.0) 11 (50.0) 14 (63.6) 34 (53.1) 0.45%
Male 11 (55.0) 11 (50.0) 8 (36.4) 30 (46.9)
Total 20 (100) 22 (100) 22 (100) 64 (100)
Marital Status Married 1(5.0) 2(9.1) 1(4.5) 4(6.3) 1.00°
Single 19 (95.0) 20 (90.9) 21(95.5) 60 (93.7)
Total 20 (100) 22 (100) 22 (100) 64 (100)
Age 24.15+4.91 23.32+2.15 23.18+1.05 23.53+3.06 0.55°¢
64 (100)
Students’ Grade Point Average 16.83+£1.03 16.97+0.85 17.17+£0.82 17.00+0.89 0.49°¢
64 (100)

FVR: Feedback-based virtual reality; VR: Virtual reality; IL: Interactive lecture. * Chi-square test. ® Fisher's exact test. ¢ One-way ANOVA

Triage level estimation accuracy

Before the intervention, the mean accuracy scores were 4.10+1.29 in the FVR group, 3.184+1.26 in the VR
group, and 3.32+1.32 in the IL group. The between-group difference at baseline did not reach statistical signifi-
cance, although it approached the conventional threshold (F (2, 61)=3.04, p=0.055, n>=0.091), with the FVR
group scoring highest before training. Baseline accuracy was therefore entered as a covariate in all subsequent
between-group comparisons. Immediately after the intervention, the mean accuracy scores were 5.60+1.43 in the
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FVR group, 5.23+1.51 in the VR group, and 4.91+1.41 in the IL group. Between-group comparison at this time
point showed no statistically significant difference among the three educational methods (p=0.328, 1*=0.036).

One week after the intervention, the mean accuracy scores were 5.00+£1.75 for FVR, 4.14+1.81 for VR,
and 5.41+1.99 for IL. The between-group comparison at one week also did not reach statistical significance,
although a larger effect size was observed compared with the immediate post-intervention assessment (p=0.085,
n?=0.079).

Repeated-measures ANCOVA demonstrated no significant main effect of time on the accuracy of triage level
estimation (p=0.391, n=0.012). However, a statistically significant time x group interaction was observed
(p=0.028, 1*=0.114), indicating that changes in accuracy over time differed significantly across the three edu-
cational methods. Table 2 shows the effects of time and educational method on the accuracy of triage level
estimation.

The estimated marginal means indicate that the accuracy of triage level estimation varied over time in accor-
dance with the instructional method employed, exhibiting distinct patterns among different groups. In the FVR
and VR cohorts, accuracy increased from baseline to immediately post-intervention, attaining peak levels at this
juncture, followed by a decline at the one-week follow-up. Descriptively, this pattern is consistent with virtual
reality—based interventions producing more rapid short-term gains in triage accuracy, with the largest values
observed immediately after training and lower values at one week. Conversely, the Lecture group demonstrated
a consistent, gradual increase in accuracy across all three time points, culminating in its highest level at the one-
week follow-up. This pattern indicates a delayed but more sustained learning effect attributable to traditional
lecture-based instruction. Overall, these findings suggest that the effect of educational method on triage accuracy
may be time-dependent. However, these trajectories are descriptive comparisons of estimated marginal means:
the main effect of time was not statistically significant and no between-group comparison reached statistical sig-
nificance at either post-intervention time point. They should therefore be regarded as exploratory and interpreted
with caution (Fig. 2).

Nursing Student satisfaction

Participant satisfaction with the instructional method was high across all study arms. A one-way ANOVA revealed
no statistically significant differences in post-intervention satisfaction scores among the three educational meth-
ods (p=0.63), indicating comparable acceptability of FVR, VR, and IL. Detailed descriptive statistics and
between-group comparisons are presented in Table 3. Specifically, students in the FVR group reported slightly
higher satisfaction scores than those in the VR group (MD=1.36) and slightly lower scores compared with the IL
group (MD=-2.05); however, these differences were not statistically significant. Similarly, VR participants had
marginally lower satisfaction scores than IL participants (MD=-3.41), but this difference was also not statisti-
cally significant (Table 4).

Table 2 Effects of time and education method on the accuracy of triage level estimation

Variables Groups  Before the Immediately 1 week after Between Group Between Group  Repeated measurement
intervention after the the interven- ~ Comparison Comparison ANCOVA, overall
Mean+SD intervention tion Mean+SD (Immediately (1 Week After) (p-value, nz)
Mean+£SD After) Time Timex
Group
Accuracy of FVR 4.10+1.29  5.60+1.43 5.00+£1.75 p=0.328, p=0.085, p=0.391, p=0.028,
Triage Level 17=0.036 1?=0.079 n?=0.012  1?=0.114
Estimation
(0to 10) VR 3.18+1.26  5.23+1.51 4.14+1.81
IL 332+£1.32  491+141 5.41+1.99

FVR: Feedback-based virtual reality; VR: Virtual reality; IL: Interactive lecture. All p-values are adjusted for pre-intervention scores. Baseline
(pre-intervention) between-group comparison: F (2, 61)=3.04, p=0.055 (one-way ANOVA)
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Fig.2 Changes in the mean of Estimated Marginal Means of Accuracy
accuracy of triage estimations Group
per groups through three time 600
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diately after, 3=one-week —IL
after the intervention). Values S50 ' )
are estimated marginal means
adjusted for pre-intervention g
scores. FVR: feedback-based 2 0
virtual reality; VR: virtual s
reality; IL: interactive lecture g
S 450
i
:E 4.00
L
350
1 2 3
Time
Table 3 Satisfaction scores across education methods
Variable Education methods n Mean+SD p-value
Satisfaction VR 22 77.14+12.12 0.63*
FVR 20 78.50+12.31
IL 22 80.55+10.94
FVR: Feedback-based virtual reality; VR: Virtual reality; IL: Interactive lecture. * One-way ANOVA
Table 4 Multiple compari- Group (1) Group (J) Mean Difference (I-T) Sig. 95% Confidence Interval
sons for satisfaction scores Lower Bound Upper Bound
across groups (post-hoc FVR VR 1.36 0.93 -7.77 10.50
scheffe) IL .05 085  —1LI8 7.09
VR FVR -1.36 0.93 —10.50 7.77
IL —3.41 0.63 —12.33 5.51

FVR: Feedback-based virtual
reality; VR: Virtual reality; IL:
Interactive lecture

IL FVR 2.05 0.85 —-7.09 11.18
VR 3.41 0.63 —5.51 12.33

Discussion

The present study aimed to evaluate the effects of three instructional approaches, FVR, VR, and IL, on triage
level estimation accuracy and nursing students’ satisfaction. The findings indicate that post-intervention triage
accuracy did not differ significantly between the three methods, and that the overall main effect of time was not
statistically significant. Specifically, the VR and FVR groups showed higher mean performance scores imme-
diately after the intervention; however, these between-group differences were not statistically significant. The
higher immediate score in the FVR group should also be read against its higher baseline score, since that group
began training with an advantage that was close to statistical significance. At the one-week follow-up, accuracy
patterns differed among groups, with a relative decline in the VR and FVR groups and continued improvement
in the IL group. Participant satisfaction was consistently high across all groups, with no significant differences
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observed between methods. These results suggest different temporal patterns of learning across instructional
approaches; however, given the absence of significant immediate between-group differences, these patterns
should be interpreted cautiously.

The observed patterns in triage accuracy can be interpreted using Cognitive Load Theory [34] and Informa-
tion Processing Theory [35]. The higher immediate mean scores observed in the VR and FVR groups may be
partly explained by immersive and multisensory engagement; however, these approaches may also introduce
additional cognitive demands when learners navigate complex scenarios without sufficient instructional sup-
port. Conversely, the IL, characterized by structured, stepwise guidance, facilitated gradual, deeper processing,
thereby supporting modest yet sustained improvements. The comparable levels of satisfaction across different
instructional methods suggest that learner engagement is influenced more by instructional clarity, feedback,
and scaffolding than by technological sophistication alone, consistent with the principles of Multimedia Learn-
ing Theory [36]. These findings underscore the importance of aligning instructional design with the cognitive
demands associated with acquiring complex clinical skills. An important consideration in interpreting these find-
ings is that the three instructional approaches differed not only in technological modality but also in the type and
level of instructional support provided. The IL group received continuous instructor interaction, clarification, and
discussion, whereas the FVR group benefited from structured feedback designed to correct performance and rein-
force learning. In contrast, the VR group primarily involved immersive practice without an equivalent structured
debriefing component. Therefore, differences in learning trajectories cannot be attributed solely to the presence
or absence of technology but may reflect the combined effects of immersion, instructional guidance, feedback,
and learner support. Future studies should consider standardizing these educational components to better isolate
the specific contribution of technology.

These findings are partially consistent with Chumvanichaya et al. [32], who reported that VR can enhance
triage decision-making accuracy and motivation. However, effectiveness may vary with the cognitive complex-
ity of the triage system. Similarly, in the present study, IL appeared to support more accurate estimation of ESI
triage levels, possibly reflecting the multi-step, analytic nature of this system, which may benefit from structured
explanation, interactive discussion, and guided feedback. Stepwise reasoning and facilitated case analysis in IL
may have contributed to deeper cognitive processing, supporting more accurate performance.

Previous research by Behmadi et al. [12] found no statistically significant difference in START triage accuracy
between VR and traditional lecture methods, although VR showed a marginally higher performance. This find-
ing is consistent with current results, suggesting that VR may not inherently surpass conventional approaches
and that its efficacy may depend on the nature of the instructional material and the specific skills being taught.
Similarly, Wang et al. [37] reported that VR more reliably enhances engagement, motivation, and confidence
than immediate decision-making, which may explain why VR in the present study did not consistently produce
superior performance.

The quality of instructional design and scenario structure may be particularly influential, as noted by Hosseini
et al. [38]. In the present study, IL provided immediate feedback and conceptual clarification, which may have
contributed to the observed accuracy. Technical challenges, cognitive load, and environmental factors in VR
scenarios (cybersickness, usability issues) may limit performance [39]. Although structured feedback in FVR
addressed some limitations, it did not yield clearly superior outcomes, indicating that careful scenario design and
instructional guidance remain critical [40].

Regarding the current findings, learner satisfaction did not differ significantly across instructional methods.
Consistent with this observation, Sudirman et al. found that animated video-based triage education improved
knowledge and satisfaction, despite no observable differences in decision-making, suggesting that simpler, visu-
ally clear media with minimal technical requirements can effectively enhance satisfaction [41]. Wang et al. also
emphasized that structured, interactive interventions combining video feedback and peer role-play promote
engagement, self-directed learning, and satisfaction [37]. Although VR and FVR were employed in the present
study, the immediacy of feedback and collaborative elements may have been less prominent, potentially limit-
ing their impact. Bani Salameh et al. reported that VR simulations in community and pediatric nursing increased
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satisfaction, confidence, and performance [42]. Nonetheless, variations in study design, integration, instructional
support, exposure duration, or sample size may account for the lack of significant differences among groups
observed in this study. These findings underscore that VR alone does not guarantee increased satisfaction; care-
ful attention to content realism, usability, cognitive load, interaction quality, and pedagogical coherence remains
essential.

Domain-specific factors may also influence outcomes. Jallad et al. [43] reported high satisfaction and retention
in VR-based anatomy education, which relies heavily on spatial visualization. In contrast, ESI triage requires
hierarchical, analytic decision-making, potentially favoring methods that provide structured cognitive scaffold-
ing. User-related factors, including perceived usefulness, self-efficacy, and technical confidence, may further
modulate satisfaction and engagement [44].

Instructor involvement is instrumental. The beneficial effects of prompt feedback, facilitated discussion, and
social presence have been underscored in prior research [45, 46], which may explain the marginally higher levels
of descriptive satisfaction observed in the IL group. Similarly, Yazdanik et al. [47] emphasized that the design of
e-learning, encompassing interaction, accessibility, and support, may be more important than the mode of deliv-
ery itself.

Collectively, these findings offer several considerations for ESI triage education. VR-based methodologies may
augment engagement and facilitate immersive learning experiences; however, their efficacy is likely contingent
upon alignment with instructional content, structured feedback, and support for analytical reasoning. For cogni-
tively complex systems such as ESI, instructional strategies that incorporate step-by-step explanations, interac-
tive discussions, and instructor guidance may achieve comparable or superior educational outcomes and learner
satisfaction. Future research could investigate integrating VR with structured peer interactions, video feedback,
or other supportive elements further to enhance both learning efficacy and the overall learner experience.

Strengths and limitations

This study underscores several notable strengths. It employed a structured quasi-experimental design compris-
ing three intervention arms, adhered to the TREND reporting guidelines, and utilized validated, scenario-based
instruments to evaluate triage accuracy and learner satisfaction. Including an FVR group facilitated the exami-
nation of the incremental effect of structured debriefing on learning outcomes. Immersive VR environments
featuring realistic scenarios enhanced ecological validity and offered students experiential learning that closely
simulates clinical practice. Furthermore, standardized testing procedures and meticulous item analysis bolstered
the reliability and comparability of outcome measures across the groups.

Notwithstanding, it is important to recognize several limitations. The study was conducted at a single nursing
institution, which limits the generalizability of the findings to other educational settings or cultural contexts. The
follow-up period was limited to one week, thereby providing limited insight into long-term knowledge retention,
skill transfer to clinical practice, or enduring improvements in triage decision-making. While scenario-based
assessments were designed to closely emulate clinical situations, they may not fully capture the complexity,
unpredictability, and cognitive load characteristic of real emergency settings. Additionally, technical and environ-
mental factors associated with VR usage—including cybersickness, headset discomfort, limited prior exposure
to immersive technologies, and session duration—may have impacted participant engagement and performance.
Furthermore, participants were not randomly allocated to the study groups. Because assignment followed the
existing course sections and the scheduling of the training sessions, the groups may have differed systematically
in unmeasured characteristics, and selection bias cannot be excluded. Baseline triage accuracy was in fact not
equivalent across groups: the FVR group scored higher before training than the VR and IL groups, and this dif-
ference approached statistical significance (p=0.055). Although baseline demographic characteristics and GPA
were comparable, and baseline accuracy was included as a covariate in the ANCOVA models to reduce the influ-
ence of this imbalance, statistical adjustment cannot fully substitute for randomization; residual confounding
remains possible, and all between-group comparisons should be interpreted accordingly. The study was also not
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powered to detect pairwise between-group comparisons at individual time points; the non-significant differences
observed should therefore not be interpreted as evidence of equivalence among the three methods. Lastly, indi-
vidual learner characteristics such as baseline clinical reasoning ability, prior experience with digital technolo-
gies, and intrinsic motivation were not systematically controlled and may have contributed to variability in the
observed outcomes.

Conclusion

All three instructional approaches (IL, VR, and FVR) were well accepted by participants. Triage accuracy did not
differ significantly between the three methods at either post-intervention time point, and the overall main effect
of time was not statistically significant. Although the VR and FVR groups demonstrated higher mean accuracy
immediately after the intervention, these between-group differences were not statistically significant. The signifi-
cant time x group interaction suggests that the instructional approaches were associated with different learning
trajectories over time, with the IL group showing continued improvement at the one-week follow-up. Satisfaction
was similarly high across all groups, indicating comparable acceptability of the three educational methods. These
findings suggest that VR may serve as a valuable adjunct to ESI triage education; however, larger studies with
longer follow-up are needed to clarify its comparative effectiveness and long-term educational impact.

Practice implications

The findings of this research possess substantial practical implications for nursing education. In this study, inter-
active lecture methodologies, augmented through structured discussions and guided reasoning, were at least as
effective as the VR-based methods for teaching complex, hierarchical decision-making tasks such as ESI triage,
while requiring substantially fewer technical resources. Additionally, virtual reality, particularly when integrated
with scenario-specific feedback, can serve as a supplementary instructional tool to enhance engagement and
facilitate immersive experiential learning. Educators are advised to consider employing VR as an adjunct rather
than a replacement for traditional educational approaches, ensuring alignment with learning objectives, providing
appropriate scaffolding, and ensuring adequate technical assistance. These strategies have the potential to improve
nursing students’ preparedness for real-world emergencies while accommodating diverse learning preferences.

Recommendations for future research

Future research should conduct multi-institutional studies with larger sample sizes and longer follow-up periods
to evaluate the retention of triage skills. Investigations may also explore the synergistic effects of integrating VR
with structured peer discussions, video-based feedback, or adaptive learning algorithms to enhance performance
and engagement. Moreover, examining user-related factors such as self-efficacy, technological literacy, and cog-
nitive load could facilitate the customization of VR interventions to optimize learning outcomes. Additionally,
comparative cost-effectiveness analyses could provide valuable insights for resource allocation decisions in nurs-
ing education programs, particularly when implementing immersive educational technologies.

Acknowledgements None.

Author contributions [MS]: Conceptualization, Methodology, Formal analysis, Resources, Data Curation, Writing - Origi-
nal Draft, Review & Editing; [SM]: Conceptualization, Formal analysis, Methodology, Data Curation, Supervision, Writing
- Original Draft, Review & Editing; [MP]: Conceptualization, Formal analysis, Methodology, Data Curation, Visualization,
Writing - Original Draft, Review & Editing. [MKH]: Formal analysis, Methodology, Data Curation, Visualization, Writing -
Original Draft, Review & Editing; [NE]: Conceptualization, Methodology, Data Curation, Visualization, Writing - Original
Draft, Review & Editing.

BMC Nursing N BMC



Article in Press https://doi.org/10.1186/512912-026-05450-w

Funding No external funding.

Data availability The datasets used and/or analyzed during the current study are available from the corresponding author
upon reasonable request.

Declarations

Permission to reproduce material from other sources There are no materials from other sources.
Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you
will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

References

1. Christian MD. Triage. Crit Care Clin. 2019;35(4):575-89. https://doi.org/10.1016/j.ccc.2019.06.009.

2. Yancey CC, O’rourke MC. Emergency department triage. StatPearls Treasure Island (FL): StatPearls Publishing; 2024.

3. Aubrion A, Clanet R, Jourdan JP, Creveuil C, Roupie E, Macrez R. FRENCH versus ESI: comparison between two nurse
triage emergency scales with referent scenarios. BMC Emerg Med. 2022;22(1):201. https://doi.org/10.1186/s12873-02
2-00752-z.

4. Emergency Nurses Association. Emergency Severity Index handbook. 5th ed. Schaumburg (IL): Emergency Nurses
Association; 2023.

5.Rahmati H, Azmoon M, Kalantari Meibodi M, Zare N. Effects of triage education on knowledge, practice and qualitative
index of emergency room staff: a quasi-interventional study. Bull Emerg Trauma. 2013;1(2):69-75.

6.Rashid K, Ullah M, Ahmed ST, Sajid MZ, Hayat MA, Nawaz B, et al. Accuracy of emergency room triage using
emergency severity index (ESI): Independent predictor of under- and over-triage. Cureus. 2021;13(12):¢20229.

7. Zakeri H, Afshari Saleh L, Niroumand S, Ziadi-Lotfabadi M. Comparison the emergency severity index and Manchester
triage system intrauma patients. Bull Emerg Trauma. 2022;10(2):65—70. https://doi.org/10.30476/BEAT.2022.92297.1302.

8. Aghababacian H, Araghi Ahvazi L, Moosavi A, Ahmadi Mazhin S, Tahery N, Nouri M, et al. Triage live lecture versus
triage video podcast in pre-hospital students’ education. Afr J Emerg Med. 2019;9(2):81-86. https://doi.org/10.1016/j.af
jem.2018.12.001.

9.Raita Y, Goto T, Faridi MK, Brown DFM, Camargo CA, Hasegawa K. Emergency department triage prediction of
clinical outcomes using machine learning models. Crit Care. 2019;23(1):64. https://doi.org/10.1186/s13054-019-2351-7.

10. Imran M, Halawa TF, Baig M, Almanjoumi AM, Badri MM, Alghamdi WA. Team-based learning versus interactive
lecture in achieving learning outcomes and improving clinical reasoning skills: a randomized crossover study. BMC Med
Educ. 2022;22(1):348. https://doi.org/10.1186/s12909-022-03411-w.

11. Sarwar S, Razzaq Z, Saeed 1. Evaluation of interactive lectures: an innovative approach employed in a hybrid teaching
system. Pak J Physiol. 2014;10(3—4):15-18.

12. Behmadi S, Asadi F, Okhovati M, Ershad Sarabi R. Virtual reality-based medical education versus lecture-based method
in teaching start triage lessons in emergency medical students: virtual reality in medical education. J Adv Med Educ Prof.
2022;10(1):48-53. https://doi.org/10.30476/JAMP.2021.89269.1370.

13. Abdel Meguid E, Collins M. Students’ perceptions of lecturing approaches: traditional versus interactive teaching.
Advances in medical education and practice. 2017;Volume 8:229-41. https://doi.org/10.2147/AMEP.S131851.

14. Afrasiabifar A, Asadolah M. Effectiveness of shifting traditional lecture to interactive lecture to teach nursing students.
Invest Educ Enferm. 2019;37(1). https://doi.org/10.17533/udea.iee.v37n1a07.

B BMC BMC Nursing


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ccc.2019.06.009
https://doi.org/10.1186/s12873-022-00752-z
https://doi.org/10.1186/s12873-022-00752-z
https://doi.org/10.30476/BEAT.2022.92297.1302
https://doi.org/10.1016/j.afjem.2018.12.001
https://doi.org/10.1016/j.afjem.2018.12.001
https://doi.org/10.1186/s13054-019-2351-7
https://doi.org/10.1186/s12909-022-03411-w
https://doi.org/10.30476/JAMP.2021.89269.1370
https://doi.org/10.2147/AMEP.S131851
https://doi.org/10.17533/udea.iee.v37n1a07

https://doi.org/10.1186/512912-026-05450-w Article in Press

15. Birrenbach T, Wespi R, Hautz WE, Berger J, Schwab PR, Papagiannakis G, et al. Development and usability testing of a
fully immersive VR simulation for REBOA training. Int J Emerg Med. 2023;16(1):67. https://doi.org/10.1186/s12245-0
23-00545-6.

16. Elshama SS. How to Use Moulage as a simulation tool in medical education? 2020.

17. Stokes-Parish JB, Duvivier R, Jolly B. How does moulage contribute to medical students’ perceived engagement in
simulation? A mixed-methods pilot study. In: Advances in simulation. Vol. 5. London, England; 2020. p. 23.

18. Slater M, Wilbur S. A framework for immersive virtual environments (FIVE): speculations on the role of presence in virtual
environments. Presence: Teleoperators Virtual Environ. 1997;6(6):603—16. https://doi.org/10.1162/pres.1997.6.6.603.

19. Huang TK, Yang CH, Hsieh YH, Wang JC, Hung CC. Augmented reality (AR) and virtual reality (VR) applied in
dentistry. The Kaohsiung J Med Sci. 2018;34(4):243-48. https://doi.org/10.1016/j.kjms.2018.01.009.

20. SuYin M, Haddawy P, Suebnukarn S, Kulapichitr F, Rhienmora P, Jatuwat V, et al. Formative feedback generation ina VR-
based dental surgical skill training simulator. J Biomed Inf. 2021;114:103659. https://doi.org/10.1016/.jb1.2020.103659.

21. Walter S, Speidel R, Hann A, Leitner J, Jerg-Bretzke L, Kropp P, et al. Skepticism towards advancing VR technology -
student acceptance of VR as a teaching and assessment tool in medicine. GMS J Med Educ. 2021;38(6):Doc100.

22.Rao AK, Chandra S, Dutt V. Learning from feedback: evaluation of dynamic decision-making in virtual reality under
various repetitive training frameworks. Front Psychol. 2022;13:872061. https://doi.org/10.3389/fpsyg.2022.872061.

23. Thomas JG, Spitalnick JS, Hadley W, Bond DS, Wing RR. Development of and feedback on a fully automated virtual
reality system for online training in weight management skills. J Diabetes Sci Technol. 2015;9(1):145-48. https://doi.or
2/10.1177/1932296814557326.

24.Harada S, Suga R, Suzuki K, Kitano S, Fujimoto K, Narikawa K, et al. Usefulness of self-selected scenarios for simple
triage and rapid treatment method using virtual reality. J Nippon Med Sch. 2024;91(1):99-107. https://doi.org/10.1272/]
nms.JNMS.2024 91-111.

25.Luigi Ingrassia P, Ragazzoni L, Carenzo L, Colombo D, Ripoll Gallardo A, Della Corte F. Virtual reality and live
simulation: a comparison between two simulation tools for assessing mass casualty triage skills. Eur J Emerg Med.
2015;22(2):121-27. https://doi.org/10.1097/MEJ.0000000000000132.

26. Mills B, Dykstra P, Hansen S, Miles A, Rankin T, Hopper L, et al. Virtual reality triage training can provide comparable
simulation efficacy for paramedicine students compared to live simulation-based scenarios. Prehospital Emerg Care.
2020;24(4):525-36. https://doi.org/10.1080/10903127.2019.1676345.

27.Jiang H, Vimalesvaran S, Wang JK, Lim KB, Mogali SR, Car LT. Virtual reality in medical students’ education: scoping
review. JMIR Med Educ. 2022;8(1):e34860. https://doi.org/10.2196/34860.

28. van Merriénboer Jj, Sweller J. Cognitive load theory in health professional education: design principles and strategies.
Med Educ. 2010;44(1):85-93.

29. Young JQ, Van Merrienboer J, Durning S, Ten Cate O. Cognitive load theory: implications for medical education: AMEE
Guide No. 86. Med Teach. 2014;36(5):371-84. https://doi.org/10.3109/0142159X.2014.889290.

30. Mayer RE. Multimedia learning. Psychology of learning and motivation. 41: Elsevier; 2002. p. 85-139.

31. Des Jarlais DC, Lyles C, Crepaz N, Trend G. Improving the reporting quality of nonrandomized evaluations of behavioral
and public health interventions: the TREND statement. Am J Public Health. 2004;94(3):361-66.

32. Chumvanichaya K, Yuksen C, Nuanprom P, Aramvanitch K. A comparison of SIEVE, SORT, and START triage training
effectiveness between immersive interactive 3D learning materials using virtual reality (VR-SSST) and traditional
methods in mass casualty incidents. Int J Emerg Med. 2025;18(1):55. https://doi.org/10.1186/512245-025-00850-2.

33. Amanat D, Momeni Danaei S, Amanat N. Evaluation of the students’ attitude and satisfaction of educational situation in
Shiraz dental school. J Dent. 2009;10(4):356—60.

34. Sweller J. Cognitive load during problem solving: effects on learning. Cognit Sci. 1988;12(2):257-85. https://doi.org/10
.1207/s15516709c0g1202 4.

35. Atkinson RC, Rm S, Estes K, H G. Human memory: a proposed System and its control Processes11This research was
supported by the National aeronautics and space administration, grant No. NGR-05-020-036. The authors are indebted
to W. In: Spence KW, Spence JT, editors Psychology of Learning and Motivation. Bower who provided many valuable
suggestions and comments at various stages of the work. Special credit is due J. W. Brelsford who was instrumental in
carrying out the research discussed in section IV and whose overall contributions are too numerous to report in detail.
We should also like to thank those co-workers who carried out a number of the experiments discussed in the latter half of
the paper; rather than list them here, each will be acknowledged at the appropriate place. in. 2: Academic Press; 1968. p.
89-195.

36. Mayer RE. Cognitive theory of multimedia learning. Cambridge Handb Multimedia Learn. 2005;41(1):31-48.

37. Wang J, Wang B, Liu D, Zhou Y, Xing X, Wang X, et al. Video feedback combined with peer role-playing: a method to
improve the teaching effect of medical undergraduates. BMC Med Educ. 2024;24(1):73.

38. Masoumian Hosseini M, Masoumian Hosseini ST, Qayumi K, Hosseinzadeh S, Ahmady S. Crossover design in triage
education: the effectiveness of simulated interactive vs. routine training on student nurses’ performance in a disaster
situation. BMC Res Notes. 2023;16(1):313.

BMC Nursing N BMC


https://doi.org/10.1186/s12245-023-00545-6
https://doi.org/10.1186/s12245-023-00545-6
https://doi.org/10.1162/pres.1997.6.6.603
https://doi.org/10.1016/j.kjms.2018.01.009
https://doi.org/10.1016/j.jbi.2020.103659
https://doi.org/10.3389/fpsyg.2022.872061
https://doi.org/10.1177/1932296814557326
https://doi.org/10.1177/1932296814557326
https://doi.org/10.1272/jnms.JNMS.2024_91-111
https://doi.org/10.1272/jnms.JNMS.2024_91-111
https://doi.org/10.1097/MEJ.0000000000000132
https://doi.org/10.1080/10903127.2019.1676345
https://doi.org/10.2196/34860
https://doi.org/10.3109/0142159X.2014.889290
https://doi.org/10.1186/s12245-025-00850-2
https://doi.org/10.1207/s15516709cog1202_4
https://doi.org/10.1207/s15516709cog1202_4

Article in Press https://doi.org/10.1186/512912-026-05450-w

39.Park S, Kim H. Development and evaluation of virtual reality-based simulation content for nursing students regarding
emergency triage. J Korean Acad Fundam Nurs. 2023;30(2):292-301. https://doi.org/10.7739/jkafn.2022.30.2.292.

40. Zechner O, Schrom-Feiertag H, Wespi R, Pretolesi D, Nguyen Q, Tscheligi M. Enhancing mixed reality simulation
training technology with real-time performance visualization: mixed methods study with medical first responders. JMIR
XR Spatial Comput. 2024;1:e57655.

41. Sudirman AA, Kumboyono K, Suryanto S. The effect of animated video learning on ESI triage knowledge and Student
satisfaction of. Nurs Polytechnic Health Ministry Health Makassar. Jurnal Health Sains. 2024;5(6):361-71.

42.Salameh AKB, Malak MZ, El-Qirem FA, Alhussami M, El-Hneiti M. Effect of virtual reality simulation as a teaching
strategy on nursing students’ satisfaction, self-confidence, performance, and physiological measures in Jordan. Teach
Learn Nurs. 2024;19(1):e235-41.

43.Jallad ST, Natsheh I, Helo LA, Ibdah DM, Salah A, Muhsen R, et al. Nursing student’s perceptions, satisfaction, and
knowledge toward utilizing immersive virtual reality application in human anatomy course: quasi-experimental. BMC
Nurs. 2024;23(1):601. https://doi.org/10.1186/s12912-024-02254-8.

44. Chow MCM, Hung MSY, Chu JWK, Lam SKK. Factors affecting nursing students’ intention to use a 3D game to learn
field triage skills: a structural equation modelling analysis. BMC Nurs. 2022;21(1):46. https://doi.org/10.1186/s12912-0
22-00826-0.

45. Garcia-Aracil N, Castejon-de la Encina ME, Lopez-Picazo R, Ruiz-Fernandez D, Cano-Sanchez S, Julid-Sanchis R.
Teaching experience with immersive virtual reality using the “VR-Triage” tool. Int J Med Inf. 2025;205:106090. https:/
/doi.org/10.1016/j.ijmedinf.2025.106090.

46. Karampourian A, Imani B, Khatiban M. Comparing the training of the Mass casualty incident triage by the virtual
workshop and non-virtual workshop (face-to-face) on the nursing students. Learn Satisfaction. Hdqir. 2023;8(4):339.
47. Yazdannik A, Mohamadirizi S, Nasr-Esfahani M. Comparison of the effect of electronic education and workshop on the
satisfaction of nurses about emergency severity index triage. J Educ Health Promot. 2020;9(1):158. https://doi.org/10.41

03/jehp.jehp 182 19.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Authors and Affiliations

Mohammad Saeedpour’ - Marzieh Pazokian? - Mehdi KhabazKhoob? - Navaz Emadi3 -
Soolmaz Moosavi?

< Soolmaz Moosavi
moosavi.soolmaz@yahoo.com

Mohammad Saeedpour
mohammadsaeidpoor94@gmail.com

Marzieh Pazokian
mpazokian@gmail.com

Mehdi KhabazKhoob
khabazkhoob@yahoo.com

Navaz Emadi

navaz.emadi@gmail.com

Student Research Committee, Department of Medical Surgical Nursing, School of Nursing and Midwifery, Shahid
Beheshti University of Medical Sciences, Tehran, Iran

Department of Medical Surgical Nursing, School of Nursing and Midwifery, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

Department of Operating Room, Chabahar University of Medical Sciences, Chabahar, Iran

B BMC BMC Nursing


https://doi.org/10.7739/jkafn.2022.30.2.292
https://doi.org/10.1186/s12912-024-02254-8
https://doi.org/10.1186/s12912-022-00826-0
https://doi.org/10.1186/s12912-022-00826-0
https://doi.org/10.1016/j.ijmedinf.2025.106090
https://doi.org/10.1016/j.ijmedinf.2025.106090
https://doi.org/10.4103/jehp.jehp_182_19
https://doi.org/10.4103/jehp.jehp_182_19
https://orcid.org/0000-0002-7903-243X
mailto:moosavi.soolmaz@yahoo.com
mailto:mohammadsaeidpoor94@gmail.com
mailto:mpazokian@gmail.com
mailto:khabazkhoob@yahoo.com
mailto:navaz.emadi@gmail.com

	﻿Effects of virtual reality, feedback-based virtual reality, and interactive lecture–based ESI triage training on triage accuracy and nursing students’ satisfaction: a quasi-experimental study
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Design and setting
	﻿Participants
	﻿Sample size
	﻿Intervention
	﻿Content development
	﻿Participant recruitment
	﻿Interactive lecture (IL)
	﻿Virtual reality (VR)
	﻿Feedback-based virtual reality (FVR)
	﻿Post-intervention follow-up
	﻿Data collection tools
	﻿Satisfaction with teaching method questionnaire
	﻿Scenario-based triage test


	﻿Item analysis
	﻿Demographic questionnaire

	﻿Data analysis
	﻿Ethical considerations
	﻿Results
	﻿Participant characteristics
	﻿Triage level estimation accuracy
	﻿Nursing Student satisfaction

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusion
	﻿Practice implications
	﻿Recommendations for future research

	﻿References


