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Purpose: This study aimed to evaluate the effects of health interventions using virtual reality (VR) on improving knowledge, attitudes, and 

skills; and inducing behavioral change among adolescents. Methods: This study is a systematic review and meta-analysis following PRISMA 

guidelines. We searched Cochrane, MEDLINE, Embase, CINAHL, Scopus, Web of Science, and Korean databases between database inception 

and April 10, 2021. Based on heterogeneity, a random- or fixed-effects model was used, as appropriate, to calculate effect sizes in terms 

of the standardized mean difference (SMD) and odds ratio (OR). Studies were selected if they verified the effects of health education us-

ing VR on adolescents; there was an appropriate control group; and if the effects of education were reported in terms of changes in 

knowledge, attitudes, skills, or behaviors. Results: This analysis included six studies (n = 1,086). The intervention groups showed greater re-

sponses in knowledge and attitudes (SMD = 0.57, 95% confidence interval (CI) [0.12 to 1.02]), skills related to health behavior (SMD = - 

0.45, 95% CI [- 0.71 to - 0.19]), and behavioral change after 12 months (OR = 2.36, 95% CI [1.03 to 5.41]). Conclusion: The results con-

firm the effectiveness of health interventions using virtual reality (VR). Although the analysis include a small number of studies, a case can 

be made for health interventions using VR to be utilized as educational methods and strategies to prevent risky behaviors among adoles-

cents.
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INTRODUCTION

Adolescence is an impressionable and important stage of 

life that lays the foundation for good growth and develop-

ment. Adolescents learn desirable health patterns in diet, 
physical activity, peer relationships, and stress management; 

however, they are also vulnerable to risky behaviors and 

consequences, such as drinking, smoking, drug usage, un-

safe sex, and pregnancy [1,2].	In	a	study	of	148,839 adoles-

cents, the prevalence of a healthy lifestyle was found to de-

crease as age increased; as adolescents became older, they 

engaged in less physical activity, consumed fewer fruits and 

vegetables daily, spent more time on screen-based activities, 
and showed a decreased abstinence from alcohol and tobacco 

consumption [3].	A	stratified	sample	of	54,948	middle	and	
high school students was also found to have more unhealthy 

lifestyle factors with increasing age: 37.5% of male and 

29.1% of female students in Korea had experience consuming 

alcohol, and their smoking rates were 6.0% and 2.7%, re-

spectively. Furthermore, 23.6%~27.0% of them reported 

consuming fast food more than thrice a week, and they spent 

3.8 hours per weekday and 5.9 hours on weekends sitting 
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unrelated	to	study	[4]. As experiences during adolescence 

shape feeling, thinking, and decision-making until adulthood, 
it is critical to teach adolescents to promote health through-

out their lifespan.

One of the factors with the strongest influence on adoles-

cent lifestyles is utilization of the Internet and online com-

munication via smartphones. Adolescents today are consid-

ered to be “digital natives,” meaning that they cannot re-

member a time when digital media were not all around them 

[5]. The development of information and communications 

technology (ICT) has provided unhindered access to a vari-

ety of multimedia content and changed adolescents’ lives. 

One of the main technologies in this regard is the smart-

phone. Recent studies have found that 92.0% and 93.5% of 

Korean middle and high school students, respectively, own 

smartphones [6] and use them primarily to consume media 

content for interpersonal communication via social network 

service (SNS) [7-9]. Undoubtedly, rapid changes in the me-

dia landscape have altered marketing patterns to suit adoles-

cents. Initiation of tobacco and alcohol consumption, over-

weight and obesity, and sexual behavior are known to be in-

fluenced by the media [9].

Nonetheless, technology plays a role in influencing healthy 

decision making and motivating the use of health-promoting 

interventions, a notable example of which is virtual reality 

(VR). VR is a non-, semi-, or fully immersive computer 

simulation of a real or virtual place, in which the user be-

comes part of a created environment, performs tasks, or in-

teracts with virtual objects and avatars in real time [10]. 

Various health education programs utilizing VR have recently 

been conducted among adolescent populations on pedestrian 

safety for accident prevention [11], exercise training [12], 
sexual risk behavior intervention [13], and suicide prevention 

[14]. As adolescents are familiar with ICT-based environ-

ments [15], VR simulations that provide a special presence 

and sensation of immersion may be more effective than ex-

isting strategies [16] to make adolescents interested in health 

issues and eventually induce them to engage in healthy be-

haviors.

Despite these trials, research has yet to establish whether 

VR-based health intervention programs are effective for ad-

olescents. Some researchers still express concerns about the 

use of VR training in medical education as it may be viewed 

as less effective than traditional means of learning [17]. Few 

studies have considered the effects of VR on adolescent 

health. Overall, evidence for the effectiveness of health edu-

cation using virtual reality is unclear. This study aimed to 

evaluate the effects of VR-based health interventions on ad-

olescents. Specifically, it aimed to systematically review and 

meta-analyze the existing literature on the effects of VR-

based health education on changes in knowledge, attitudes, 
skills, and behaviors and to compare the effect sizes of the 

included studies.

METHODS

This systematic review and meta-analysis was conducted 

using the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) reporting guideline [18].

1. Search strategy

Searches were performed in the MEDLINE, Embase, Co-

chrane Central Register of Controlled Trials (CENTRAL), 
CINAHL, Scopus, Web of Science, and Korean databases 

(KoreaMed, KMBASE, RISS, KISS, and Science ON-NDSL) 

between database inception and April 10, 2021. Search terms 

related to VR interventions and adolescents were used, in-

cluding combinations of Medical Subject Heading terms, Em-

tree headings, and free-text words. The combined keywords 

and text words for adolescents, teenagers, virtual reality, 
and interventions were used. The full search strategy in 

MEDLINE was (((adolescent* OR teen* OR youth*) OR ((ju-

nior OR high OR middle) adj3 school student*)) AND ((virtual 

realit* OR VR OR VRET) AND (program* OR education* 

OR exposure* OR treatment* OR therap* OR intervention))). 

Additional studies were performed by screening the refer-

ence lists.

2. Study selection

Studies were selected according to the population, inter-

vention, comparison, and outcome (PICO) framework. Eligi-

ble studies (1) included adolescents without diseases, (2) 
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evaluated health education using VR methods, (3) compared 

the intervention with usual care, other care, or no treatment, 
(4)	reported	outcomes	of	interest	(e.g., knowledge, attitudes, 
skills, and behavioral changes), and (5) were published in 

English or Korean. The literature included in the final analy-

sis was decided by three researchers based on the inclusion 

and exclusion criteria, and conflicting opinions were recon-

ciled through discussions. The study designs were limited to 

randomized controlled trials (RCTs) and non-RCTs. Because 

VR-based interventions have mainly been performed since 

2000, only papers published after 2000 were considered. 

Data screening was performed from April 10, 2021, to April 

25, 2021.

3. Data collection and extraction

Data collection and extraction took place from May 10, 
2021, to May 30, 2021. We extracted data from the studies 

according to the Cochrane recommendations [19]. In each 

included study, the background (authors, publication year, 
country), information on participants (number of participants, 
eligibility), information on intervention (content, duration), 
comparators, and outcomes (knowledge, attitude, skills, be-

havioral changes) were extracted. Data extraction was con-

ducted by three authors and discrepancies were resolved 

through discussion. The authors were contacted via email 

when outcome-related data were missing or unclear.

4. Risk of bias

The internal validity of the included RCTs was assessed 

using the Cochrane Collaboration’s Risk of Bias 2.0 (RoB 2.0), 
which was based on the randomization process, bias in the 

intended interventions, missing outcome data, outcome mea-

sures, and selection of reported outcomes [20]. The risk of 

bias for the items overall was marked as low, with some 

concern, or high. For non-RCTs, the risk of bias was as-

sessed using the Risk of Bias in Non-Randomized Studies of 

Interventions (ROBINS-I) tool. These include bias due to 

confounding factors, bias in the selection of participants in 

the study, bias in the classification of interventions, bias due 

to deviations from intended interventions, bias due to missing 

data, bias in measurement of outcomes, and bias in selection 

of the reported results [21]. The risk of bias for each item 

was marked as low, moderate, serious, or critical. The three 

authors evaluated the risk of bias and reconciled conflicting 

opinions through discussion.

5. Statistical Analysis

The effects of the health interventions using VR were an-

alyzed using RevMan ver. 5.3.3 (the Cochrane Collaboration, 
2014. Nordic Cochrane Centre, Copenhagen, Denmark) and 

the Comprehensive Meta-Analysis version 2.2. As a measure 

of the effect size, the standardized mean difference (SMD) 

was calculated based on the scores of the intervention and 

control groups. The odds ratio (OR) was estimated for binary 

data. All tests used 95% confidence intervals (CIs) with a 

statistical significance level of p < .05.

A fixed- or random-effects model was selected to calcu-

late the pooled effect measures for the included studies. If 

homogeneity was confirmed, the analysis was performed us-

ing a fixed-effects model, which assumes that the effect size 

of the population is the same and that the difference in the 

effect size of each study is due to sampling error. If hetero-

geneity was identified, a random effects model was used. 

The Mantel-Haenszel method and general inverse variance 

estimation method were applied to synthesize the results. 

The heterogeneity of the studies was tested using the Hig-

gins I2 statistic, and I2 values of 25.0%, 50.0%, and 75.0% 

indicated low, moderate, and high heterogeneity, respectively. 

To further explore heterogeneity, pre-specified subgroup 

analyses were conducted according to outcome variables or 

program content. Although it was not possible to quantita-

tively assess publication bias with the small number of stud-

ies included in the meta-analysis (n < 10), we evaluated po-

tential bias using funnel plots and Egger linear regression 

values for each outcome. A sensitivity analysis was per-

formed to assess the robustness of the conclusions of the 

meta-analysis. Some parts violate the assumption of inde-

pendence when calculating the overall effect size. However, 
because of the limited number of documents included in the 

analysis, the loss of information was minimized using the ef-

fect size as the unit of analysis.
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6. Ethical considerations

The requirement for informed consent was waived by the 

Ethics Committee of Yonsei University Bioethics Review 

Committee (IRB No. CR321319) because there was no sen-

sitive information, and the survey was anonymously con-

ducted.

RESULTS

A literature search yielded 2,015 citations. After duplicates 

were removed, there were 1,347	references. During screen-

ing, 1,100 studies were excluded based on the selection cri-

teria	(351	after	 title	screening	and	749	after	abstract	

screening).	Of	the	remaining	247	studies,	241	were	excluded	

based on the inclusion and exclusion criteria. Therefore, six 

studies [22-27] met the selection criteria and were included 

in the final analysis (Figure 1).

1. Characteristics of included studies

Evidence of health interventions using VR has been sum-

marized in six studies. The major characteristics of the six 

studies [22-27] are summarized in Table 1. Four RCTs 

[22,24,25,27] and two non-RCTs [23,26] with 1,086 partici-

pants were included (Table 1). The mean age of the subjects 

in the individual studies ranged from 12.9 to 16.0 years old. 

The target population recruited in the studies was predomi-

nantly healthy teenagers (e.g., never smokers), although one 

study included participants who had smoked at least one cig-

arette within 30 days. The publication years of the identified 

Id
e
n
ti
fi
c
a
ti
o
n

S
c
re

e
n
in

g
E

lig
ib

ili
ty

In
c
lu

d
e
d

Records duplicated
(n = 668)

Records excluded
(n = 351)

Records excluded
(n = 749)

Full-text articles excluded,
with reasons (n = 241)
- Inappropriate participants (n = 94)
- Inappropriate interventions (n = 29)
- Inappropriate comparators (n = 58)
- Inappropriate outcomes (n = 37)
- Inappropriate study designs (n = 20)
- Non-peer reviewed articles (n = 3)
- Non-English or Korean article (n = 0)

Records identified through
database searching

(Cochrane CENTRAL 188, MEDLINE 323,
EMBASE 217, CINAHL 545, Scopus 96,

Web of Science 235, KoreaMed 4,
KMBASE 10, RISS 194, KISS 95,

ScienceON-NDSL 108
(n = 2,015)

Records title screened
(n = 1,347)

Records abstract screened
(n = 996)

Full-text articles assessed
for eligibility

(n = 247)

Studies included in analysis
(n = 6)

Figure 1. Flowchart of the process of study selection for the systematic review and meta-analysis.
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studies ranged from 2003 to 2020. Three studies were pub-

lished	in	the	United	States	[24,25,27]; the other countries 

included in the study were Korea, the Netherlands, and 

Sweden [22,23,26].

In terms of content, interventions using VR mainly include 

smoking cessation [25,27],	sexual	health	education	[24,26], 
and cardiopulmonary resuscitation (CPR) [22,23]. The dura-

tion of the interventions ranged from a day to six months, 
with half- to two-hour session and one to seven sessions. 

Knowledge was measured in three studies [22,24,26], atti-
tudes	in	two	[24,25],	skills	in	three	studies	[22-24], and be-

havioral changes in one [27]. The results of the knowledge 

and attitude scores are presented as mean values and stan-

dard deviations. Skills were evaluated by comparing the in-

Table 1. Main Characteristics of Included Studies

Study Study design Country N (M:F)
Mean age

(mean ± SD)
Inclusion 
criteria

Intervention content
Intervention 

times/duration/
session

Control group Outcome indicator
Measurement 
time/follow-up

Barson  
et al., 
2022 
[22]

RCT Netherlands 40 (20:20)
E: 20 
(12:8)

C: 20 
(8:12)

16 ± 0 -  High-
school 
students

-  Participants 
with CPR 
training 
experience 
less than a 
year ago

- CPR training
    The VR resuscitation training: 

Immersive 306-degree virtual 
reality environment CPR 
training for correct sequence, 
option choose by a scenario 
+ E-learning

-  VR training 
(10 min) + 
E-learning 
(30~45 min)

- 1 time

-  2D video 
(10 min) + 
E-learning 
(30~45 min)

-  Knowledge: CPR 
knowledge

-   Skills: Taking the 
correct sequence 
of CPR steps

-  Post-
intervention

Hadley  
et al., 
2019 
[24]

RCT USA 88 (40:48)
E: 46 
(21:25) 
→ 44

C: 42 
(19:23) 
→ 41

E: 12.9 ± 0.82
C: 13.0 ± 0.91

- Grades 6~8 -  Sexual health education 
program

    IVREs + ER and risk reduction 
intervention:

        1) IVRE
            • HIV/STD testing scene
            •  Purchasing condom 

scene
            •  Party scene (substance 

use & sexual risk cues)
            •  Partner negotiating 

scene
        2) ER
            •  ER and risk reduction 

intervention about 
sexual health issues

- 2 h/session
-  4 times, 

weekly
- 4 wk

- RP + ER:
    1) RP
        Practice 

skills using 
traditional 
RP format

    2) ER

-  Knowledge: HIV 
knowledge

-  Attitudes: Self-
efficacy for 
HIV prevention, 
condom use self-
efficacy

-   Skills: Difficulty 
accessing 
emotional 
strategies, 
emotional self-
efficacy, affect 
dysregulation 
scale

-  Post-
intervention/ 
3 mo

Khalil  
et al., 
2017 
[25]

RCT USA 101 
(57:44)

E: 50 
(30:20) 
→ 40

C: 51 
(27:24) 
→ 42

13.44 ± 1.42 -  Middle- or 
high-school 
students 
who were 
12~18 
years old

-  Never 
smokers

- Smoking prevention program
    A smoking prevention 

interactive experience 
(ASPIRE):

    Interactivity
        •  Two-way communication, 

control over the platform, 
clicking behavior; virtual 
environment

    Entertainment
        •  Storytelling/narrative, 

music/sound effects, 
virtual characters or 
avatars

        •  Text, animations, videos, 
task-oriented activities

- 40 min/1 time
-  4 times, 

weekly
- 4 wk

-  Same health 
information 
without 
interactivity & 
entertainment

-  Attitudes: 
Intention to 
smoke

-  Post-
intervention

Wood ruff 
et al., 
2007 
[27]

RCT USA 136 
(73:63)

E: 77 
(39:38)

C: 59 
(34:25)

16.0 ± 1.47 -  Teenage 
smokers

-  High-
school 
students

-  Smoked at 
least one 
cigarette 
within 30 
days

- Smoking prevention program
    Real-time smoking cessation 

counseling intervention 
(Internet virtual world chat 
room):

        •  Internet based, virtual 
reality world combined 
with motivational 
interviewing conducted 
in real-time by a smoking 
cessation counselor

        •  Active worlds (virtual 
environments in which 
participants can see each 
other as 3-dimensional 
figures [avatars])

- 45 min/1 time
-  7 times, 

weekly
- 7 wk

-  Online 
counseling

-  Behavioral 
change: Smoking 
cessation (past 
week abstinence 
rates)

-  Post-
intervention/ 
3, 12 mo
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correct and correct answers with those of the control group. 

The results of the behavioral changes are presented using 

the improvement rate.

Four studies [22,24,25,27] compared the outcomes of a 

VR exposure intervention group with those of other treat-

ments or conventional methods (two-dimensional videos, 
role-playing, or online counseling). In one study [26], the 

outcomes of VR teaching were compared with those of no 

treatment. One study [23] compared the outcomes of a com-

bination of VR and conventional interventions with those of 

the conventional intervention alone. Studies on behavioral 

changes were analyzed according to the follow-up period, 
and the data were analyzed by considering each outcome in-

dex as a separate study.

2. Risk of vias

Figure 2 shows the results of the risk of bias assessment 

for the studies included in the analysis. Two RCTs [22,24]	
were considered to have low risk of bias, while the other 

RCTs [25,27] had some concerns regarding bias (Figure 

2A). One nonrandomized study [23] was deemed to have low 

risk of bias, and another [26] was deemed to have moderate 

risk of bias. Overall, most studies were evaluated to raise 

some concerns in at least one domain, but were not at a high 

risk of bias.

3.  Effects of health interventions using VR for  

adolescents

The effects of using VR in health education on adolescents 

in terms of knowledge and attitudes (n = 7), skills (n = 5), 
and behavioral changes (n = 1) are shown in Figure 3.

1) Knowledge or attitudes

Summary estimates from the meta-analysis of knowledge 

and	attitudes	in	four	studies	[22-24,26] showed a statistically 

significant difference between the intervention and control 

groups (SMD = 0.57; 95% CI 0.12 to 1.02). However, hetero-

geneity was high (I2	=	84.0) (Figure 3A).

Table 1. Continued

Study Study design Country N (M:F)
Mean age

(mean ± SD)
Inclusion 
criteria

Intervention content
Intervention 

times/duration/
session

Control group Outcome indicator
Measurement 
time/follow-up

Creutz-
feldt  
et al., 
2009 
[23]

Post-test 
only design 
with a 
comparison 
group 
(quasi)

Sweden 16 (7:9)
E: 9 (4:5)
C: 7 (3:4)

Not reported -  High-
school 
students 
(10th 

grade)

-  Cardiopulmonary resuscitation 
training

    VWMOS + Traditional style 
CPR course:

        1) VWMOS
            Lecture (10 min) + 4 

scenarios (20 min), 
multiplayer online team 
training simulation 
(game development 
platform, avatars used 
in scenarios)

        2)  Traditional-style CPR 
course

            Cardiac arrest scenario 
in a Laedal Sim Man 
patient simulator

1) VWMOS
    -  30 min/ 

1 time – 2 
times

    -  6 months 
apart

2)  Traditional-
style CPR 
course

    -  120 min/1 
time - 2 
times

    -  6 mon 
apart

-  Traditional-
style CPR 
course

-  120 min/ 
1 time

- 2 times
- 6 months apart

- Knowledge
-  Skills: Correct 

on pulse 
check, correct 
ventilation: 
compression ratio, 
deviation from 
CPR guidelines

-  Post-
intervention/ 
18 mo

Park & 
Kang, 
2003 
[26]

Post-test 
only design 
with a 
comparison 
group 
(quasi)

Korea 705 
(451:254)

E: 522 
(344:178)

C: 183 
(107:76)

NR -  Middle-
school 
students

-  Sexual health education 
program

    Online sex education program 
using interactive virtual 
reality:

    4 sessions: pornography 
addiction, masturbation, 
birth control, sexual 
intercourse (using flash 
animations)

- 40 min/1 time 
– 4 times

- No treatment -  Knowledge and 
attitudes: Sexual 
knowledge and 
attitudes

-  Post-
intervention

RCT = Randomized controlled trial; F = Female; M = Male; C = Control group; E = Experimental group; CPR = Cardiopulmonary resuscitation; 
VR = Virtual reality; USA = United States of America; IVRE = Immersive Virtual Reality Environments; ER = Emotion regulation; HIV = Human 
immunodeficiency virus; STD = Sexually transmitted disease; ER = Emotion regulation; RP = Role play; VWMOS = Virtual World Multiplayer Online 
Simulation; NR = Not reported.
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A subgroup analysis of each indicator showed that knowl-

edge	was	reported	in	three	studies	[22-24]. A statistically 

significant difference was found between the intervention and 

control groups in terms of knowledge (SMD = 0.54;	95%	CI	

0.08 to 1.00; p = .020, I2 = 61.0). According to one study, a 
non-significant effect was found for attitudes (SMD = 0.06; 

95% CI - 0.37 to 0.49;	p = .790)	[24]. Knowledge and atti-

tudes showed a positive effect (SMD = 1.10; 95% CI 0.12 to 

1.02; p < .001) in one study [26] (Figure 3A).

2) Skills

The overall pooled estimate (SMD = - 0.45;	95%	CI	-0.71 

to - 0.19; p = .001)	from	three	studies	[22-24]	for	skills	

(measured in terms of errors) showed a significant differ-

ence between the intervention and control groups. However, 
heterogeneity among the studies was high (I2 = 81.5).

As a result of the subgroup analysis according to educa-

tional content, a statistically significant difference was found 

for the outcomes of CPR training (SMD = - 1.62; 95% CI 

- 2.23 to - 1.02; p < .001; I2	=	0)	in	one	study	[24]. However, 
a sexual health education program did not show a positive 

effect (SMD = - 0.19; 95% CI - 0.48	to	0.09; p > .05), with 

somewhat heterogeneous results (Figure. 3B).

3) Behavior change

One study [27] reported behavioral changes (smoking 

cessation) in a VR-exposure group. The effect estimate 

showed improvement in the abstinence rate in the interven-

tion group (OR = 2.36; 95% CI 1.03 to 5.41;	p < .05).

4. Publication bias

Publication bias was evaluated using a funnel plot and the 

Unique ID

Woodruff et al. (2007) [27]

Khalil et al. (2017) [25]

Hadley et al. (2019) [24]

Barsom et al. (2020) [22]

D1 D2 D3 D4 D5 Overall Low risk

Some concerns

High risk

D1

D2

D3

D4

D5

Randomization process

Deviations from the intended interventions

Missing outcome data

Measurement of the outcome

Selection of the reported result

Creutzfeldt et al. (2009) [23]

Park et al. (2003) [26]

B
ia

s
d
u
e

to
c
o
n
fo

u
n
d
in

g

B
ia

s
in

s
e
le

c
ti
o
n

o
f
p
a
rt

ic
ip

a
n
ts

in
to

th
e

s
tu

d
y

B
ia

s
in

c
la

s
s
if
ic

a
ti
o
n

o
f
in

te
rv

e
n
ti
o
n
s

B
ia

s
d
u
e

to
d
e
v
ia

ti
o
n
s

fr
o
m

in
te

n
d
e
d

in
te

rv
e
n
ti
o
n
s

B
ia

s
d
u
e

to
m

is
s
in

g
d
a
ta

B
ia

s
in

m
e
a
s
u
re

m
e
n
t
o
f
o
u
tc

o
m

e
s

B
ia

s
in

s
e
le

c
ti
o
n

o
f
th

e
re

p
o
rt

e
d

re
s
u
lt

Low risk Some concerns High risk

A

B

Figure 2. Assessment of risk of bias in the included studies. (A) Randomized controlled trials (RCTs), (B) non-RCTs.



184

https://jkan.or.kr

Park, SoMi · Chung, ChaeWeon · Kim, Gaeun

https://doi.org/10.4040/jkan.23003

1.1.1 Knowledge

Subtotal (95 % CI)

1.1.2 Attitude

Subtotal (95 % CI)

1.1.3 Knowledge & attitude

Subtotal (95 % CI)

Total (95% CI)

Barsom et al., 2020 (3) [22]

Barsom et al., 2020 (1) [22]

Barsom et al., 2020 (2) [22]

Creutzfeldt et al., 2009 [23]

Hadley et al., 2019 [24]

Heterogeneity: Tau = 0.16; Chi = 10.30, df = 4 ( =0.04); I = 61%

Test for overall effect: Z = 2.31 ( = 0.02)

Hadley et al., 2019 [24]

Heterogeneity: not applicable

Test for overall effect: Z = 0.27 ( = 0.79)

Park et al., 2003 [26]

Heterogeneity: not applicable

Test for overall effect: Z = 11.77 ( 0.00001)

Heterogeneity: Tau = 0.29; Chi = 38.13, df = 6 ( 0.00001); I = 84%

Test for overall effect: Z = 2.47 ( = 0.01)

Test for subgroup differences: ChI = 21.84, df = 2 ( 0.0001); I = 90.8%

2 2 2

2 2 2

2 2

p

p

p

p <

p <

p

p <

Study or subgroup

83.11

82.8

82.52

6.2

24.8

43.37

53.3

SD

29.1

22.24

11.94

1.46

5.44

7.48

9.56

SMD
IV, Random, 95% CI

Favours
[control]

Favours
[experimental]

1 0 1 22

Mean Total

20

20

20

9

44

44

522

113

44

522

679

Weight

13.1%

13.4%

13.7%

9.8%

16.0%

16.0%

18.0%

66.0%

16.0%

18.0%

100.0%

SMD
IV, Random, 95% CI

1.20 [0.52, 1.88]

0.91 [0.25, 1.56]

0.45 [ 0.18, 1.08]

0.14 [ 0.85, 1.13]

0.05 [ 0.37, 0.48]

0.06 [ 0.37, 0.48]

1.10 [0.92, 1.28]

0.54 [0.08, 1.00]

0.06 [ 0.37, 0.48]

1.10 [0.92, 1.28]

0.57 [0.12, 1.02]

47.46

62.7

77.95

6

24.51

42.91

42.91

SD

29.1

21.24

7.46

1.15

58

8.03

9.08

Mean Total

20

20

20

7

41

41

169

108

41

169

318

A

Woodruff et al., 2007 [27]

Total events

Heterogeneity: not applicable

Test for overall effect: Z = 2.02 ( = 0.04)

Total (95 % CI)

p

Study or subgroup

25

25

Events Total

77

77

OR
M H, fixed, 95% CI

Favours
[control]

Favours
[experimental]

0.1 0 10 500.02

10

10

Weight

100.0%

100.0%

OR
M H, fixed, 95% CI

2.36 [1.03, 5.41]

2.36 [1.03, 5.41]

Events Total

59

59

C

B

Fixed

Random

Fixed

Random

Fixed

Random

Model Group by

Subgroup within study

Study name

1.00

1.00

1.00

1.00

2.00

2.00

2.00

2.00

2.00

Overall

Overall

Creutzfeldt et al., 2009 [23]

Barsom et al., 2020 [22]

Hadley et al. 2019 [24]

Hadley et al. 2019 [24]

Hadley et al. 2019 [24]

1 0 12 2

2.058

1.478

1.622

1.622

0.029

0.466

0.144

0.191

0.192

0.395

0.448

0.622

0.357

0.309

0.309

0.217

0.220

0.217

0.126

0.145

0.117

0.131

0.386

0.127

0.096

0.096

0.047

0.048

0.047

0.016

0.021

0.014

0.017

3.276

2.177

2.228

2.228

0.396

0.897

0.570

0.438

0.475

0.623

0.705

0.840

0.778

1.015

1.015

0.455

0.035

0.282

0.056

0.092

0.166

0.192

3.311

4.142

5.240

5.240

0.136

2.119

0.664

1.519

1.326

3.382

3.421

Std diff
in means

Standard
error

Variance
Lower

limit
Upper

limit
Z-value p-value

0.001

0.000

0.000

0.000

0.892

0.034

0.507

0.129

0.185

0.001

0.001

Experimental
group

Control
group

Statistics for each study

Experimental Control

Experimental Control

SD = Standard deviation; SMD = Standardized mean difference; CPR = Cardiopulmonary resuscitation; CI = Confidence interval; OR = Odds ratio.

Figure 3. Forest plot of the meta-analysis for virtual reality interventions to prevent health problems in adolescents.  
Each study is identified by the first author. The individual effect sizes are identified as the SMD with  

lower and upper limits (95% CIs). The overall summary effect size of the meta-analysis is noted as a diamond on the bottom line.  
(A) Knowledge and attitudes, (B) skills (1: CPR training, 2: sexual health education program), (C) behavioral change.



185

https://jkan.or.kr

Virtual Reality Based Health Education for Adolescents

https://doi.org/10.4040/jkan.23003

results were unbiased and evenly distributed within the tri-

angles (Figure	4). There was also no possibility of publication 

bias in the Egger’s test (p < .05). Therefore, the risk of publi-

cation bias was considered to be low.

5. Sensitivity analysis

The pooled SMD was 0.45	to	0.69 for knowledge and atti-

tudes and - 0.41	to	-	0.89 for skills related to the prevention 

of health-related problems. These results were broadly con-

cordant with those of the primary analysis. Excluding indi-

vidual studies from the sensitivity analysis did not affect the 

initial effect size estimates. These results were broadly con-

sistent with those of the primary analyses.

DISCUSSION

Despite the relatively small number of studies included, 
this meta-analysis generated meaningful results. Further-

more, as far as we know, this is the first meta-analysis that 

evaluated the effectiveness of health interventions using VR 

for healthy adolescents. VR-based interventions were found 

to be more effective than interventions that did not use this 

technology.

Education is a strong factor in adolescent health, and new 

technologies offer the possibility of a healthier generation of 

adolescents. As ICT-based models have been adopted for 

health education, VR, which was initially used for military 

training [28] is now being applied to various health issues. 

Thus, this meta-analysis was conducted to identify the ef-

fectiveness of VR-based interventions for adolescents and to 

identify future avenues for their expansion in health educa-

tion.

Among the six studies analyzed, three were recently pub-

lished RCTs (since 2017), implying a current trend in VR 

utilization, as well as future expansion to broader situations 

with advances in simulation technology. This study focused 

on the outcome measures of knowledge, attitudes, skills, and 

behavioral change when evaluating the effectiveness of VR-

based interventions because healthcare providers need these 

attributes to foster engagement with adolescents [9]. Despite 

the limited number of included studies, interventions using 

VR for sex education, smoking, and resuscitation were ef-

fective in increasing knowledge in these content areas. This 

finding, which is consistent with previous studies [29,30], 
suggests that vivid VR situations activate learners’ interests 

and motivation and enhance their cognitive ability to recall 

the health information to which they are exposed [31].

Skill is a prerequisite for fostering behavioral changes; it 

encompasses not only direct skills related to educational 

content but also learners’ perceived self-efficacy [32]. Two 
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studies in this analysis indicated that VR was significantly 

effective in providing CPR training by immersing learners in 

the relevant procedures. VR-based education for skills train-

ing has been applied to the areas of laparoscopic surgery in 

medicine, training for scrub nurses in operating rooms [33], 
and	tracheostomy	care	[34], and its effectiveness has been 

demonstrated. A systematic review also indicated that the 

use of VR has equaled or surpassed traditional skill acquisi-

tion methods [35]. Thus, VR-based education is a reliable 

modality for enhancing learners’ skills.

An intervention on sex education measured skills but 

showed	an	insignificant	effect	[24]. As adolescents have al-

ready been exposed to extensive sexual content including 

pornography in the cyber-world [9], VR interventions seem 

to have a limited ability to influence their skills in the domain 

of sexuality, even though short-term application. However, 
virtual sex education programs radically change the dynam-

ics of sexual knowledge, unlike parental or religious norms 

[36], and can be customized to reflect cultural, social, and 

other user preferences [37]. Recent studies have also rec-

ommended tailored guidance and advice on sex education 

using virtual simulations because of their enhanced capability 

and effectiveness through consistent interactions with ex-

perts [38]. Moreover, repeated application of VR scenarios 

[39] is advantageous for improving sexual health-related 

skills.

Health education aims to promote healthy behaviors and 

ultimately help sustain desirable changes. However, smoking 

cessation education often fails to demonstrate lasting effects. 

The	relapse	rate	of	smoking	among	184	adolescents	was	

6.8%, which was higher than that among older individuals 

[40]. A previous meta-analysis also reported relapse rates 

ranging from 5.0% to 17.0% one year after smoking cessa-

tion	[41]. Meanwhile, VR interventions could be used repeat-

edly and as a booster, not only to induce immediate behav-

ioral changes but also to sustain these changes. The parallel 

application of VR experiences through avatars and real-time 

counseling through cyber chatrooms are also known to have 

significant effects [10,23,25,27]. In fact, the additional appli-

cation of a booster program was effective in maintaining 

smoking	cessation	among	high	school	students	[42]. In addi-

tion to the effects of adding counseling services to virtual 

environments	[43], the group in Woodruff’s study [27] that 

received an intervention program combining VR with a re-

al-time motivational interview with a smoking cessation 

counselor showed a statistically significantly higher smoking 

cessation rate (OR = 2.36; 95% CI 1.03 to 5.41)	than	the	

group that received conventional education. Furthermore, a 
meta-analysis demonstrated that real-time chatting services 

have significant effects on customer behavioral intentions and 

quality	improvement	[44]. Thus, the application of VR with 

additional or hybrid strategies is thought to enhance the ef-

fects of health education, particularly for adolescents.

VR is being utilized as a notable educational strategy in 

various fields. In medical education, VR-based health inter-

ventions conducted among adolescents are mostly about ill-

ness and symptom management, such as attention deficit 

hyperactivity	disorder	[45],	internet	gaming	disorder	[46], 
and	dressing	changes	in	patients	with	burns	[47]. However, 
during adolescence, the desire for novelty increases along 

with the curiosity and courage to experiment with new and 

often	unhealthy	behaviors	[48]. In this sense, VR-based 

health interventions are particularly useful because they in-

volve content that could be dangerous to apply directly to the 

human body or that would be difficult to simulate in reality, 
such	as	suicide	prevention	[14],	disaster	situations	[49], or 

claustrophobia [50]. Overall, VR-based health interventions 

are considered a good strategy, given the advantages of 

presence, immersion, and repeatability [16]. The positive ef-

fects of VR-based education are linked to the interest of ad-

olescents as members of Generation Z in the gamification of 

education and prompt feedback on their results, which en-

courages immersion in the program [51].

Nonetheless, more research is needed on the effects of VR 

on the outcomes of interest at different levels of immersion 

and interaction. Most studies that evaluated the outcomes in 

our review reported incomplete or incomparable outcome 

data, thus primary studies focusing on these outcomes are 

needed. Finally, as most of the included studies reported 

post-intervention scores rather than changes in scores for 

outcomes, there is a need to standardize the methods to re-

port the most meaningful and accurate data for outcomes.
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This study has several limitations. Potential bias was as-

sessed using funnel plots and Egger’s linear regression val-

ues, but a small number of studies were included in the me-

ta-analysis.

Nursing education needs to adopt the current changes in 

VR technology and media to meet the needs of students and 

achieve the best learning outcomes. Furthermore, as health 

educators, nurses must identify and implement strategies and 

methods to strengthen the effectiveness of health education 

for both patient and public health.

CONCLUSION

This systematic review and meta-analysis included six 

studies and attempted to identify the effects of VR programs 

on adolescents. Studies have also shown that health education 

using VR is effective for adolescents. In particular, VR pro-

grams can be useful in improving health promotion–related 

knowledge, skills, and behavioral changes. Therefore, health 

interventions using VR can be utilized as educational meth-

ods and strategies to prevent risky behaviors in adolescents.
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