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Background: Repeated triage training is necessary to maintain and improve the accuracy of simple tri-

age and rapid treatment (START), a popular triage method. Virtual reality (VR) may be more effective

than conventional training methods. This study aimed to verify the educational usefulness of START

using VR originally developed for students.

Methods: A VR was initially developed with a function that allowed students to select the triage proce-

dure and its evaluation. Triage was performed using a simple modified START method, and eight sce-

narios were developed. The participants included 70 paramedic students classified into VR and live lec-

ture groups. They took a 20-question written test that evaluated their academic ability before the

course. After the course, a practical test and a 20-question written test were conducted. The total score

of the practical test was 43 points. Triage procedure (1 point), observation and evaluation (1-5 points),

and triage categories (1 point) were evaluated in this test.

Results: The VR and live lecture groups consisted of 33 and 29 participants, respectively. No significant

differences were observed pre- and post-test. In the practical test, the median (interquartile range) score

was 29 (26-32) and 25 (23-29) for the VR and live lecture groups, respectively, with the VR group scor-

ing significantly higher (P=0.03).

Conclusion: Our results confirmed the educational usefulness of selective VR for active learning of

START. Therefore, VR combined with live lectures and simulations would be an optimal educational

technique. (J Nippon Med Sch 2024; 91: 99―107)
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Introduction

Mass casualty incidents occur suddenly and without

warning. Disaster types vary widely, and many casualties

in a brief period can overwhelm the local healthcare sys-

tem1. Emergency medical services personnel, who may be

the first at the scene of a disaster, have the opportunity

to triage the injured; therefore, triage education is neces-

sary for emergency medical services personnel working

during the acute phase at disaster sites. While various

triage methods exist worldwide, the most used primary

triage tool in the United States is Simple Triage and

Rapid Treatment (START), developed in the 1980s by Ho-

gue Hospital and the Newport Beach Fire Department in

California2,3.

Triage is intended to recognize and assist in dealing

with several injured or sick people urgently and expedi-

tiously4. Disasters involving multiple injured or sick peo-

ple occur infrequently, and there is little opportunity to
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Table　1　Scenario

Scenario
Triage 
color

Body 
position

Able to 
walk

Spontaneous 
respiration

Position 
airway

Respiratory 
rate

Palpable 
pulse

Mental 
status

1 Green Sitting 〇 〇 - 10-29 〇 〇
2 Black Supine × × × - × ×

3 Red Supine × × 〇 <10 〇 ×

4 Red Supine × 〇 - <10 〇 〇
5 Red Sitting × 〇 - ≥30 〇 〇
6 Red Sitting × 〇 - 10-29 × 〇
7 Red Sitting × 〇 - 10-29 〇 ×

8 Yellow Sitting × 〇 - 10-29 〇 〇

The following triage items were observed and evaluated: “whether the patient can walk,” “whether the patient 

breathes spontaneously,” “respiratory rate,” “whether the radial artery is palpable (pulse reproduced audibly: 0, 50, 

70 or 120 beats/min),” and “whether the patient responds to the follow-up.”

gain experience in a disaster setting. However, repeated

triage training is necessary to respond to sudden, large-

scale disasters with skill and accuracy5,6. It must be per-

formed with suitable equipment, instructors, and loca-

tions. Information and communication technology are

also essential for providing training that can be per-

formed at any time. Virtual reality (VR), which has re-

cently become popular, has been used in various fields,

including sports, tourism, military, education, and medi-

cine, and has been reported to promote the motivation

and involvement of students and academic staff, in addi-

tion to increasing the learning speed7. VR is an immer-

sive and effective training tool according to emergency

medicine studies8,9. Practical training using VR can be

performed at any location provided that the equipment

is available, allowing learning to be tailored to the needs

of students10.

Previously, a VR-based START training course reported

improved triage accuracy, intervention, speed, and self-

efficacy11. VR education for START can potentially be-

come a method for training individuals in disaster pre-

paredness12. To date, VR education has utilized content

reproducing the scenario as a passive training course.

Education that involves role-playing is effective in im-

proving knowledge and skills13. We hypothesized that

self-selective teaching materials, in which VR changes ac-

tively based on the results of one’s observations, would

be useful for triage training. Our project focused on com-

paring the educational usefulness of self-selective role-

playing VR and conventional live lectures on the knowl-

edge and skills taught during START education.

Materials and Methods

Study Design

This study was an analytical prospective randomized

controlled trial.

Subjects

First-year students were enrolled in the 2022 simula-

tion course at the Department of Emergency Medical Sci-

ence, Faculty of Medical and Health Science, Nippon

Sport Science University, Japan. At the time, they had not

attended START lectures at the university.

Preparation of Teaching Materials

The triage was performed using a simple modified

START method. The participants were fourth-year para-

medics students. Eight scenarios representing the four tri-

age categories were created: five red, one yellow, one

green, and one black (Table 1). An Insta360 ONE X2

camera (Insta360, Shenzhen, China) was set at 50 cm

above the ground, equivalent to the eye level of the tri-

age operator, and fixed in place. The audio was recorded

using Zoom H2n (Zoom Corporation, Tokyo, Japan), and

the VR was edited using Adobe Premiere Pro (Adobe

Inc., San Jose, CA, USA). The video was trimmed, the

frontal position was adjusted, and unnecessary back-

grounds were blurred. VR videos were uploaded to

cloud (Jolly Good Inc., Tokyo, Japan). The following tri-

age items were observed and evaluated: “whether the

patient can walk,” “whether the patient breathes sponta-

neously,” “respiratory rate,” “whether the radial artery is

palpable (pulse reproduced audibly: 0, 50, 70, or 120

beats/min),” and “mental status.” A role-playing system

was created to determine the next steps from the partici-

pant’s perspective. After the observations were com-

pleted, the viewpoint was placed on a button to select

the triage category, and the text “Correct answer” was

displayed on the screen if all observations, procedures,

and categories were correct. From this viewpoint, the se-

lection decision time was set at 3 s. The video was down-

loaded to a Pico G2 4K VR head-mounted display (Pico
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Fig. 1 Triage flow chart

Technology Co., Ltd. Beijing, Haidian Qu, China) and an

iPad (Apple Inc., Cupertino, CA, USA).

Practical Training

The implementation date was January 16, 2023. Partici-

pants were not notified of the workshop theme. The

eight groups assigned to daily practice were divided into

two groups using random numbers: one to watch the VR

(VR group) and the other to attend a conventional lecture

(live lecture group). During pre-course guidance, the

group was given a piece of paper with a flowchart of the

START procedure and a 10-min online explanation (Fig.

1). A pre-test was administered to examine students’ aca-

demic abilities before the course. A practical test was ad-

ministered after the completion of the course. After the

practical test, a post-test was conducted to examine the

knowledge of the VR and live lecture groups.

Time to Prepare and Present Lectures

Live lecture preparation consumed 60 min for research,

60 min for slide preparation, 20 min for lecture prepara-

tion, and 20 min for giving the lecture, all of which adds

up to a total of 140 min.

Written Test

Twenty questions on triage, equivalent to those on the

national paramedic exam, were asked. They were vali-

dated by the department, and the VR material was se-

lected from eight questions from the scenarios created.

Each question was scored as one point. The same ques-

tions were used for the pre-test and post-test, but the or-

der of the questions was changed using random numbers

for each test. The answers were written on a marking

sheet.

Selective VR Viewing

The participants were divided into four groups of eight

to nine subjects, and all head-mounted displays were

connected to one iPad per group. The order in which the

VR was viewed was determined by each group using a

random number. The following explanations were given

to the subjects: the VR would select the triage procedure,

observation and evaluation, and triage categories from

their perspective; the selection could be made by gazing

at the button at the top of the VR for 3 s; if the VR was

not completed within 2 min after it started, it was termi-

nated. The triage procedure, observation and evaluation,

and triage categories were indicated as correct only if all

related questions were answered correctly. Palpation of

the radial artery was set according to the sound of a met-

ronome. After the subject wore the head-mounted dis-

play, the video was started simultaneously in each group

using an iPad. If sickness occurred while viewing the VR

video or a fall due to physical movement occurred, the

video was stopped.

Live Lectures

All participants gathered in one classroom at the uni-

versity, and the lecture was given by a faculty member

who was a qualified paramedic. The lecture content was

prepared based on the 10th edition of the Paramedic Stan-

dard Textbook14 and presented in PowerPoint. Faculty

members were allowed to answer the students during

the lecture verbally.

Practical Test

Partitions separated the venue so that the subjects

could not see each other. The order of scenarios was de-

termined using random numbers for each group. The

eight original scenarios used in the VR materials were

applied, and all subjects started simultaneously. Nine

subjects from each group had one rest booth. A Resusci

Anne simulator (Laerdal, Stavanger, Norway), which is

designed for advanced cardiovascular life support train-

ing, was set to respond to each scenario with or without

body position, respiration, respiratory rate, and palpable

pulse at the radial artery. Subjects were told that the

pulse could be palpated only with the left hand of the

Resusci Anne simulator. For all simulators, the blood

pressure was 120/80 mmHg, and the pulse rate was 80

beats/min, which is the average setting for the VR video.

An evaluator verbally responded to call responses, obedi-

ence responses, and other content that could not be re-

produced by Resusci Anne simulator. The subject per-

formed eight scenarios, and the time limit for triage was

2 mins or less per scenario.
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Table　2　Score sheet

Scenario Triage 
procedure

Able to 
walk

Spontaneous 
respiration

Position 
airway

Respiratory 
rate

Palpable 
pulse

Mental 
status

Triage 
categories

Total 
points

1 1 1 - - - - - 1  3
2 1 1 1 1 - - - 1  5
3 1 1 1 1 - - - 1  5
4 1 1 1 - 1 - - 1  5
5 1 1 1 - 1 - - 1  5
6 1 1 1 - 1 1 - 1  6
7 1 1 1 - 1 1 1 1  7
8 1 1 1 - 1 1 1 1  7

Total 
points

8 8 7 2 5 3 2 8 43

In each scenario, the triage procedure was scored as 1 point, the observation and evaluation scenario were scored as 1-5 points, 
and the triage categories were scored as 1 point, with a maximum score of 3-7 points per scenario and a total score of 43 points 
for the eight scenarios.

The practical test was conducted by eight qualified

paramedics affiliated with the university. In each sce-

nario, the triage procedure was scored as 1 point, the ob-

servation and evaluation scenario were scored as 1-5

points, and the triage categories were scored as 1 point,

with a maximum score of 3-7 points per scenario and a

total score of 43 points for the eight scenarios (Table 2).

There are four triage categories: I (red, urgent treatment

group), II (yellow, non-urgent treatment group), III

(green, no treatment or minor injury group), and zero

(black, death or life-threatening injury group). Accuracy

of triage procedures, i.e., over-triage (OT) and under-

triage (UT), were examined. UT is the prioritization of

patients with more severe injury or disease than the as-

sumed color, and OT is the prioritization of patients with

milder injury or disease than the assumed color. We ex-

amined the subject’s decision-making process during the

screening of injured and ill patients.

Statistical Processing

Statistical analyses were performed using IBM SPSS

Statistics version 27 (IBM Corporation, Armonk, NY,

USA). Each test was tested for normal distribution using

the Shapiro-Wilk test. The pre-test and post-test scores

were analyzed using the Mann-Whitney U test and Wil-

coxon signed-rank sum test. The practical test results (to-

tal score and each scenario) were analyzed using the

Mann-Whitney U test. The significance level was set at

less than P<0.05. The triage procedure and categories for

each scenario were analyzed using Fisher’s exact tests

and chi-square test, respectively. A P value of <0.05 was

set as the significance level.

Ethical Considerations

Ethics review committee

This study was conducted after a review and approval

by the Ethics Committee of Nippon Sport Science Uni-

versity (Approval No. 023-H008). It was performed ac-

cording to the latest version of the Declaration of Hel-

sinki.

Obtaining consent from subjects

An explanatory document was prepared to explain the

research’s purpose to the participants, and their consent

was obtained. Participants were aware that participation

in the study was voluntary, that they would not be sub-

jected to any disadvantageous treatment if they did not

agree to participate, that they could withdraw their writ-

ten consent even after agreeing to participate, and that

any withdrawn data would be discarded.

Voluntary nature of research participation

Regardless of their consent to participate in the study,

the lecture was conducted with the same content for all

students. This study excluded students who had not

completed all programs.

Results

Selection of Research Subjects

Seventy students (53 men and 17 women) were in-

cluded in this study. Thirty-six participants (27 males and

9 females) were in the VR group, and 34 (26 males and 8

females) were in the live lecture group. In the VR group,

two absent students and one who did not take the initial

written test were excluded, and 33 students were in-

cluded in the study. The median age (range) was 19 (19-

19) years, and the number of men was 24 (73%). In the

live lecture group, three absent students and two who



Self-Selected Scenarios for START

J Nippon Med Sch 2024; 91 (1) 103

Fig. 2 Flow diagram depicting student  assignment and grouping

Table　3　Written test

Category VR group 
(n=33)

Live lecture group 
(n=29) P value

Pre-test 14 (10-16) 13 (10-16) 0.92
Post-test 15 (13-16) 16 (13-17) 0.12

Pre-test and post-test are each worth 20 points. The data 
are presented as the median (interquartile range).

Table　4　Practical test

Scenario VR group 
(n=33)

Live lecture group 
(n=29) P value

1  3 (2-3)  2 (2-3) 0.37
2  3 (2-5)  3 (2-3) 0.02
3  3 (2-4)  2 (2-3) 0.44
4  3 (2-4)  3 (2-4) 0.82
5  3 (3-5)  3 (2-4) 0.15
6  4 (3-5)  4 (3-5) 0.71
7  5 (4-6)  3 (3-5) 0.01
8  5 (4-7)  5 (4-6) 0.81

Total 
points

29 (26-32) 25 (23-29) 0.03

Scenario one: three points, Scenario two: five points, Sce-
nario three: five points, Scenario four: five points, Scenario 
five: five points, Scenario six: six points, Scenario seven: 
seven points, Scenario eight: seven points, Overall: 43 
points. The data are presented as the median (interquartile 
range).

did not take the initial written test were excluded, and 29

students were included in the study. The median age was

19 (19-19) years, and the number of men was 23 (79%)

(Fig. 2).

Written Tests (Pre-Test and Post-Test Scores)

Academic ability was confirmed at two different time

points to examine the results of this study (Table 3). The

VR and live lecture groups had a median pre-test score

of 14 (10-16), and 13 (10-16), respectively, showing no sig-

nificant difference (P=0.92) between the groups. The VR

and live lecture groups had a median post-test score of

15 (13-16) and 16 (13-17), respectively, with no significant

difference (P=0.12) between the groups. Post-test scores

improved significantly from the pre-test scores within

both groups (VR group: P<0.01, live lecture group: P<

0.01).

Practical Test

The total score and scores for each scenario of the

practical test were examined. Regarding total scores, the

VR group had a median score of 29 (26-32), and the live

lecture group had a median score of 25 (23-29), showing

a significant difference between the groups (P=0.03). In

scenario two, the VR and live lecture groups had a me-

dian score of 3 (2-5), and 3 (2-3), respectively (P=0.02),

whereas in scenario seven, the VR and live lecture

groups had a median score of 5 (4-6) and 3 (3-5), respec-

tively (P=0.01). Thus, a significant difference in median

scores was observed between both groups in scenarios

two and seven each (Table 4).

In relation to triage procedure, the mean percentage of

correct responses was 34% and 24% in the VR and live

lecture groups, showing a significant difference in the to-

tal scores (P=0.02). The VR group had a higher percent-

age of correct responses in scenarios one to three, five,

seven, and eight of the triage procedure. Both groups

had the same percentage of correct responses in scenario

four. The live lecture group had a higher percentage of

correct responses in scenario six, whereas scenario two

was significantly supported in the VR group (P=0.04)

(Table 5).

In relation to the triage categories, the mean percent-

age of correct responses was 72% and 66% in the VR and

live lecture groups, respectively; the VR group had a

higher percentage (P=0.18). The VR group had a higher
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Table　5　Practical test (triage procedure)

Scenario VR group 
(n=33)

Live lecture group 
(n=29) P value

1 19 (58) 14 (48) 0.61
2 11 (33)  3 (10) 0.04
3  5 (15) 1 (3) 0.20
4  7 (21)  6 (21) 1.00
5  9 (27)  5 (17) 0.38
6  7 (21)  7 (24) 1.00
7 14 (42)  7 (24) 0.18
8 18 (55) 13 (45) 0.61

Total 
points

90 (34) 56 (24) 0.02

The data are presented as the number of correct answers 
(%)

Table　6　Practical test (triage category)

Scenario VR group 
(n=33)

Live lecture group 
(n=29) P value

1 28 (85)  23 (79) 0.57
2 28 (85)  21 (72) 0.23
3 20 (61)  16 (55) 0.67
4 20 (61)  14 (48) 0.33
5 23 (70)  15 (52) 0.15
6 26 (79)  22 (76) 0.78
7 25 (76)  22 (76) 0.99
8 20 (61)  21 (72) 0.33

Total 
points

190 (72) 154 (66) 0.18

The data are presented as the number of correct answers 
(%)

percentage of correct responses in scenarios one to six of

the triage categories. Both VR and live lecture groups

had the same percentage of correct responses in scenario

seven, and the live lecture group had a higher percentage

in scenario eight. The two groups showed no significant

difference in scores; the mean OT was higher in the VR

group for scenarios six to eight. The mean OT was

higher in the live lecture group for scenarios one, three,

and four. No OT was observed for scenario five in both

groups. The mean UT was higher in the VR group for

scenarios three. The mean UT was higher in the live lec-

ture group for scenarios two and four to eight. In both

groups, no UT occurred in scenario one and no OT oc-

curred in scenario two (Table 6).

Discussion

This study compared the results of written and practical

tests of VR-based training and conventional live lectures.

No significant differences were found in the written test

scores. In the practical test, the VR group scored signifi-

cantly higher on the total score and the scores for scenar-

ios two and seven. The VR group had significantly

higher total score and scenario two score for triage proce-

dures. No significant differences were observed in terms

of triage categories. A pre-test was administered to ascer-

tain the student’s academic performance before the study,

and no difference in academic performance was found

between the two groups, indicating that the academic

achievement before the lecture was equivalent in the two

groups. Behmadi et al.15, found no statistically significant

difference in mean test scores between the group that re-

ceived traditional lectures on START triage at the begin-

ning to mid-semester and the group that received virtual

simulation training later in the semester. In contrast,

Omori et al.16 compared a 15-min lecture on infection

control between a VR group and a conventional lecture

group and found that the VR group scored significantly

higher in the post-test. Additionally, Zhao et al.17, ob-

served that the passing rate of the examination was sig-

nificantly higher in the VR group than in the traditional

lecture group. In the post-test, no significant differences

were found between the two groups. One disadvantage

of using VR is that, although it enables participants to

visualize the situation in the field, it does not allow them

to record what they have learned in real-time. Questions

or issues during VR viewing cannot be recorded; there-

fore, they may be hard to recall at the end of the session.

In contrast, in the case of live lectures, the topic could be

discussed directly with the instructor, and questions

could be recorded. Since this was a single lecture, no sig-

nificant differences might have been observed. Therefore,

increasing the number of students examined and con-

firming their knowledge retention is necessary.

The VR used in this study was self-selecting, and the

scenarios changed in a role-playing fashion. Heidarzadeh

et al.4 compared START triage instruction in a role-

playing group and a traditional lecture group, and found

that knowledge, attitude, and performance scores in-

creased in both groups. Performance scores were higher

in the role-playing group than in the lecture group. A

typical VR provides a 360° view within the created

video. However, since the story continues, the viewer

may not be able to maintain concentration even while re-

watching the video. The role-playing method and time

limit for decision-making may enable the students to

concentrate better. One possible explanation for the VR

group’s higher score in scenario two is that it was the

only group that used the airway securement technique.
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In the live lecture, students were taught the airway clear-

ance procedure to be performed during triage; however,

they were not allowed to practice it. This result was also

evident from the number (%) of correct answers in the

triage procedures. A possible explanation for the higher

scores of the VR group in scenario seven is that more

evaluation items had to be observed. The total score for

the triage procedure was significantly higher in the VR

group. The more the evaluation procedures, the greater

the number of observations required, and it is possible

that the VR group was able to confirm images that al-

lowed them to envision the site in advance; thus, the

evaluation procedure proceeded smoothly. Scenario eight

also involved the same number of triage procedures;

however, there was no significant difference in the results

of the practical tests. Nevertheless, the number (%) of

correct responses to the triage procedure was higher for

scenarios seven and eight in the VR group. However,

identifying the effective content of the video/lecture from

this study’s findings was not possible. When comparing

first-person and third-person educational approaches, the

first-person approach may be more effective18,19; however,

it is necessary to compare and study the educational ef-

fects of various filming methods.

Triage categories were not significantly different be-

tween the two groups. Franc et al.20 found that START

triage was 73% accurate, which may not be accurate

enough. OT may provide more services than necessary to

patients, thus consuming personnel, time, and equip-

ment, and UT may endanger human life. When compar-

ing OT and UT in each group (except for scenario one:

green with no UT and scenario two: black with no OT),

the UT rate was higher in both groups for the six re-

maining scenarios, (i.e., two scenarios with OT and four

scenarios with UT); this may be because good results

were possibly prioritized in case of incorrect evaluation

procedures. For example, a follow-up response to each

scenario is assume as the evaluation proceeds, even

when respiration is slow. Typically, slow respiration is

considered red, but a mental status response makes the

assessment yellow. Students may make errors in their

judgment of triage categories if they make mistakes in

the evaluation procedure because they have not yet ac-

quired enough knowledge. Video games have been re-

ported to improve the overall accuracy of in-game triage

and decreased UT21. In the present study, the live lecture

group showed more UT rates. The fact that the practical

test involved mannequins in both groups may have de-

creased the tension of the students and increased the UT

rate in the live lecture group because they did not see the

injured person. Thus, VR, which can reproduce a sce-

nario, may decrease UT rates. The percentage of correct

answers was given in six scenarios by the VR group and

one scenario by the live lecture group, suggesting that

VR was more effective in teaching practical skills. Triage

is not completed when performing START; it is repeated

instead. Machine learning has the potential to improve

prediction accuracy in the field of medicine22. There are

also reports showing that machine learning models can

outperform START in accuracy23. Therefore, machine

learning can be used to improve triage accuracy.

The use of VR can reduce the burden on the faculty in-

volved. Preparation for this live lecture took a total of

140 minutes: 60 for research, 60 for slide preparation, and

20 for class preparation on the day of the lecture. A VR

video can be created once and used repeatedly. Effective

use of VR is also expected to have secondary effects,

such as reducing faculty lecture preparation and lecture

time. By having students view the same VR video, differ-

ences in instructional content given by faculty can be re-

duced and standardized education can be provided. In

addition, the same educational effect can be achieved in

situations where lectures are restricted due to pandemic

restrictions.

This study consisted of VR and live lectures, followed

by a practical test. A faculty member conducted the live

lecture, and the self-selective VR method was student-

centered. Practicing lectures and role-playing improves

knowledge and skills and is effective in triage education4.

It has also been reported that combining VR with active

learning has the potential to improve educational effec-

tiveness24,25. Using VR in role-playing facilitates the visu-

alization of scenarios and active learning. In this study,

live simulation was only conducted for practical testing.

Zhang et al.26 reported that combining VR with skills

training was more effective than traditional training.

Moreover, students are better prepared when they experi-

ence live simulation after initial VR training27. Live simu-

lations allow training using five human senses (sight,

hearing, smell, touch, and taste). However, VR alone can

only reproduce sight and hearing. In this study, touching

an injured person during respiration, observing the radial

artery, or airway securing procedures was impossible. In

live simulations, the setting method makes it more feasi-

ble to reproduce the scenario. Thus, an effective combina-

tion of VR, live simulation, and live lectures will lead to

the most significant educational effect.

There are several limitations to this study. First, ques-
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tions were allowed during the live lecture but not during

the VR video, which may have affected the results. Sec-

ond, the VR group scored 67% and the live lecture group

scored 58% in the practical test. The practical test scores

of the VR and live lecture groups for the triage proce-

dures were also 34% and 24%, respectively. As the sub-

jects were first-year college students, they may have re-

ceived a low grade because they had insufficient medical

knowledge. In the future, it is necessary to examine the

lecture method with different subjects.

In conclusion, this study compared the usefulness of

VR and live lectures on the education of students and

dispensation of knowledge and skills. VR is useful for

teaching practical skills. No significant differences were

observed in knowledge or education. Instead of using

only one method for education, combining VR and live

lectures, followed by live simulation, would be the opti-

mal teaching method.
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