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Abstract

Background: This study aimed to verify the effectiveness of a virtual reality-based physical education pro-
gram on physical fitness among Korean elementary school students.

Methods: The study, conducted at a public school in South Korea in the second semester of 2022, included
experimental and control groups of 45 participants each (N=90). All participants underwent physical fitness
tests before and after the experiment. The students assigned to the experimental group participated in the vir-
tual reality-based physical education program three times a week for a total of 8 weeks (40 minutes per ses-
sion), while those assigned to the control group did not participate in any exercise program. The effect size was
confirmed using Cohen's d, and a two-way tepeated measures analysis of variance was used to analyze changes
in physical factors before and after the experiment for each group.

Results: Among the male participants, we observed significant differences in overall health-related physical
fitness, cardiorespiratory endurance, muscular strength and endurance, and power between the experimental
and control groups (P<0.05). Among the female participants, we observed significant differences in overall
health-related physical fitness, cardiorespiratory endurance, flexibility, and muscular strength and endurance
between the groups (P<0.05).

Conclusion: Virtual reality-based physical education may help to improve indicators of physical fitness among
elementary school students, especially among those who have experienced deterioration of physical fitness dut-
ing the COVID-19 pandemic. Our results, therefore, highlight the need to establish virtual reality-based physi-
cal education facilities at the elementary school level in Korea.
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Introduction

The prolonged COVID-19 pandemic has exerted
a significant impact on physical activity levels
among children, decreasing levels of moderate-
and high-intensity physical activity by approxi-
mately 30 minutes on weekdays and 15 minutes
on weekends compared to pre-pandemic activity

levels (1). 78.1% of children failed to maintain
usual physical activity habits during the COVID-
19 outbreak (2), highlighting the additional bur-
den associated with sedentary behavior in the
context of the pandemic and its potential adverse
effects on health (3-4). Based on these reports (1-
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4), researchers have expressed growing concern
regarding the impact of obesity and metabolic
alterations in young people during the COVID-
19 pandemic.

Both adults and children categorized as over-
weight are more likely to be exposed to cardio-
vascular risk factors such as hyperlipidemia, hy-
pertension, and diabetes (5), which can lead to
adverse effects on both physical and mental
health (6). Furthermore, children who are over-
weight are more likely to be overweight or obese
in adulthood in the absence of intervention (7).
Ultimately, these findings emphasize that children
who have been unable to engage in physical ac-
tivity during the COVID-19 pandemic face ex-
treme barriers in returning to baseline activity
levels. This, in turn, may increase their risk of
developing obesity, metabolic syndrome, and
mental health disturbances in adulthood.

Decades of research have emphasized that physi-
cal education at the elementary school level ex-
erts a significant impact on low levels of physical
activity. Physical education provides opportuni-
ties for children to be active during their forma-
tive years despite differences in socioeconomic
status and regions where children reside. Indeed,
a recent systematic review and meta-analysis (8)
has documented the value of physical education
for promoting physical fitness components and
fundamental movement skills (FMS). These find-
ings highlight physical education as an excellent
starting point for addressing the lack of physical
activity during the COVID-19 pandemic and the
various problems that may be associated with
such changes.

Recently, physical activity programs incorporat-
ing virtual reality (VR) have been gaining popu-
larity in Korea. Such programs allow students to
actively engage in physical activity by kicking or
throwing a ball toward a target on a large screen
or by imitating specific movements. For example,
motion recognition cameras can recognize ball
trajectory and body movement, allowing partici-
pants to visually implement desired movements
on the screen (9). Given such findings, the Kore-
an Ministry of Culture, Sports, and Tourism initi-
ated a virtual reality sports room technology de-
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velopment project in 2015, distributed to elemen-
tary schools for the first time in 2016. The de-
mand for such instruction has increased each year,
from 10 in 2017 to 130 in 2018 and 112 in 2019.
Given these trends, the project is expected to
reach 10% of all elementary schools by 2023 (10).
Virtual reality environments permit students to
access heretofore inaccessible programs via dedi-
cated software, which in turn allows researchers
to examine relationships between physical activity
and environmental constraints within a school
setting (11). As a simple example, virtual World
Cup free-kick soccer simulations allow students
to compete and engage in meaningful activities
with their peers. This prompts students to active-
ly participate in physical fitness-related program-
ming (12). In more advanced settings, the speed,
direction, and distance of the ball can be calculat-
ed to provide immediate and accurate feedback
to student athletes (13). These advantages can
help improve educational outcomes such as
communication skills and self-efficacy (14).
Physical activity in the schools is the basis for
lifelong sports (15). Moreover, regular physical
activity in adulthood is significantly related to
quality of life such as well-being (16). Therefore,
physical education provided in schools is very
important.

To identify strategies that may be effective in
promoting physical activity among elementary
school students who have lived through the
COVID-19 pandemic, the study developed a vit-
tual reality-based physical activity program for
distribution at the national level. The current
findings, when taken with those of previous re-
portts, highlight the educational effectiveness of
Edu-Tech in the context of physical fitness edu-
cation (17).

Materials and Methods

Participants

The present study, conducted in the second se-
mester of 2022, included students attending a
public elementary school in Korea. The school
was established in 2019 and is equipped with var-
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ious state-of-the-art facilities. A total of 1,101
students (556 boys and 535 girls) were enrolled at
the school at the time of the study. Among these,
122 students (63 boys and 59 girls) in 5th grade
and 137 students (69 boys and 68 girls) in 6th
grade were potential study participants.

Prior to recruitment, we obtained approval and
consent from the physical education teacher at
the school. The study protocol was reviewed and
approved by the Ethics Committee of the Korea
National University of Education (approval
number: IRB 202036308) and conformed to the
standards set by the latest revision of the Decla-
ration of Helsinki. All participants for whom data
are reported provided written consent.

Next, a guide for recruiting potential study partic-
ipants, including information on the program,
was prepared and sent to the families of 5th and
6th grade students. Finally, 90 students who ex-
pressed their intention to participate were select-
ed for inclusion. All students and parents ex-
pressing interest were provided with a detailed
explanation regarding the study’s purpose, con-
tent, and procedures.

Prior to implementation of the virtual reality-
based program, all 90 participants underwent
baseline physical fitness testing. Thereafter, par-
ticipants were divided into an experimental and
control group. The experimental group partici-
pated in the virtual reality-based physical educa-
tion program, while the control group did not
participate in any physical activity program. A
post-physical fitness test was conducted after
completion of the program.

Table 1 presents the characteristics of the partici-
pants. Under the assumption that there would be
differences in the change patterns according to
program participation due to the developmental
characteristics of boys and girls, the participants
were divided according to gender. Following this,
analyses were conducted for the experimental
and control groups. An independent t-test using
age, height, weight, and body fat percentage as
variables revealed no significant difference be-
tween the groups (all Ps > 0.05). Therefore, when
analyzing the experimental results, covariate ad-
justments were not made based on the character-
istics of the participants.

Table 1: Characteristics of the participants

Variable Total Boys (n=42) Girls (n=48)

=90) EG (n=19) CG (n=23) t/P EG (n=206) CG (n=22) t/P
Age (yr) 10.77£0.64 10.75£0.68 10.72+£0.61  0.163/0.871  10.76+0.59 10.87+£0.69  0.587/0.560
Height (cm) 149.38+7.53  150.68%£6.84  148.0248.34  1.216/0.230  149.64+7.81  149.23%£7.19  0.188/0.851

Weight (kg)

Body fat (%) 27.34%8.14 25.83+8.46

46.77+£10.73  48.96+11.37  45.56%11.68
27.224+8.19

1.032/0.308  47.1419.41
1.055/0.297  29.6417.49

45.39+10.63  0.606/0.548
26.61%£8.39 1.325/0.192

EG: experimental group, CG: control group; tested via independent ~test

Virtual reality-based physical education pro-
gram

The virtual reality-based physical education pro-
gram was conducted in a separate facility at the
school in which the participants were enrolled.
Large screens were installed on both walls of this
space, and laser sensors were located around the
screen to detect collisions of objects or human
bodies. A motion tracking sensor was installed on
the ceiling to calculate the trajectory, speed, and
distance of relevant objects (i.e., balls). The pro-
gram was controlled using a dedicated kiosk con-
nected to a computer. Programs were presented
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on a large screen using a ceiling beam projector,
allowing for various types of visual content to be
presented based on learners' interests. The con-
tent included stretching, reciprocating running,
hitting objects using a ball, and various sports-
related activities (e.g., football free kick, baseball
batting and pitching, archery, and bowling). A
cycle ergometer was connected to a computer on
the other wall of the dedicated space. Students
were permitted to move through various maps
during the cycle exercises while monitoring mile-
age, height, rank, time, and other parameters in
conjunction with the study participants. In this
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space, an Xbox360 device (Microsoft Corpora-
tion, Redmond, WA, USA) equipped with Kinect
was installed for motion recognition. Students

were provided the opportunity to engage in ski-
ing, boxing, and dancing games (among activities)

(Fig. 1).

Fig. 1: Virtual reality-based physical education program facilities

Students participated in the virtual reality-based
physical education program for a total of 8
weeks, from September to October 2022. Partici-
pants in the experimental group attended three
times per week for a total of 24 times, with each
activity lasting 40 minutes (Table 2). The first and
last 5 minutes of each session were dedicated to
warm-up and clean-up exercises, including gym-
nastics and stretching exercises. The physical ed-
ucation teacher observed and gave feedback dut-
ing the warm-up exercise and guided participants
to gradually expand their range of motion to im-
prove flexibility and stability. The 30 minutes be-
tween the warm-up and cool-down exercises
were divided into segments of 10 minutes each,
during which other activities were performed.
The first segment included round-trip running to
improve cardiorespiratory endurance. Running
sessions started from the opposite wall, approxi-
mately 30 meters away from the screen, and par-
ticipants were required to touch a virtual point on

Available at:  http://ijph.tums.ac.ir

the screen, check the number of repetitions, and
return to the starting point. At this time, the
physical education teacher adjusted the number
of repetitions and the distance to achieve the ex-
ercise program’s desired effect. In the second
phase, participants engaged in a ball-throwing
activity designed to improve upper body strength
and muscular endurance. Participants were re-
quired to throw balls of various sizes and weights
toward fixed and moving targets. Archery and
baseball activities were performed in parallel. For
this activity, the physical education teacher pre-
pared many balls in advance so the throwing ac-
tion could be repeated within a short period, al-
lowing participants to compete and attempt to
beat their personal records. In the third segment,
participants completed a ball-kick activity to im-
prove lower body strength and muscular endur-
ance. In this session, participants were instructed
to hit the target by repeatedly kicking the ball in
penalty-kick, free-kick, and long-kick soccer envi-
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ronments. During this session, the physical edu-
cation teacher increased the number of balls for
each participant to ensure a steady, repetitive
movement similar to the throwing activity. Partic-

ipants were divided into several groups based on
their engagement in sports, cycling, and Xbox360
activities (Microsoft Corporation, Redmond,
WA, USA).

Table 2: Virtual reality-based physical education program process

Process Time Target factor Activity type
Warm-up and 10 min Flexibility and stability Gymnastics and
cool-down ex- stretching exercise
ercises

Whole  body 10 min

activity ance

Upper  body 10 min Upper body strength and Ball-throwing
activity muscular endurance

Lower  body 10 min Lower body strength and Ball-kicking
activity muscular endurance

Cardiorespiratory endur-

Activity example

Round-trip running,
cycling, and Xbox360
activities

Physical fitness test

Cardiorespiratory endurance, muscular strength
and endurance, flexibility, power, and body mass
index (BMI) were measured before and after each
session for both experimental and control
groups. The overall health-related physical fitness
score was based on five calculated areas (18).
Cardiorespiratory ~ endurance was measured
through a 15-meter shuttle-run test. Participants
start with a signal from the starting point and
must move to the next position before the next
beep sounds. If the participant fails to reach the
position before the beep sounds, the measure-
ment ends. Muscular strength and endurance
were measured using a sit-up test, in which par-
ticipants began lying down with their knees bent
at 90° with both hands placed on their thighs.
Every 3 seconds the participants were instructed
to roll their upper body in accordance with the
beep, and the number of times both hands
touched the hand of the person holding the op-
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eratot's knee was measured. Flexibility was meas-
ured using the sit-and-reach test. In this test, pat-
ticipants placed their feet in contact with the ver-
tical plane of the measuring instrument, sat with
their legs extended, bent their upper body com-
pletely over with the start signal from the meas-
uring instrument, and overlapped the palms of
both hands. Power was determined based on a
50-meter dash. BMI was calculated using the par-
ticipant’s height and weight (19).

Statistical analysis

The data are presented as means and standard
deviations, and independent #tests were used to
verify differences between the experimental and
control groups according to gender. Paired ~tests
were conducted to verify the statistical signifi-
cance of differences between the experimental
and control groups before and after the experi-
ment, and the effect size was confirmed using
Cohen's d. In addition, a two-way repeated
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measures analysis of variance was conducted to
examine changes in physical fitness factors before
and after the experiment, and the effect size was
based on the partial eta squared (n2p) value. Sta-
tistical analysis was performed using SPSS ver-
sion 24.0 (IBM Corp., Armonk, NY, USA), and
the significance level was set at P<0.05.

Results

Tables 3 and 4 show changes in physical fitness
factors for the male and female groups, and ex-
perimental and control groups. Among the male
participants in the experimental group, we ob-
served statistically significant changes in overall
health-related physical fitness scores (P<0.001),
flexibility (P=0.003), muscular strength and en-
durance (P=0.002), power (P=0.010), and BMI

(P=0.041). No difference was observed in cardi-
orespiratory endurance (P=0.068). Among the
female participants in the experimental group, we
also observed statistically significant changes in
overall health-related physical fitness
(P<0.001), flexibility — (P<0.001), muscular
strength and endurance (P<0.001), power
(P<0.001), and BMI (P=0.032). As was the case
with the boys, there was no significant change in
cardiorespiratory endurance (P=0.187). Within
the control group, male participants exhibited no
statistically significant changes in any factor other
than cardiorespiratory endurance (P=0.029). Fe-
male participants in the control group also exhib-
ited no statistically significant differences in any
factors other than cardiorespiratory endurance
(P=0.013).

SCofres

Table 3: Changes in physical fitness factors among male students

Fitness factor ~ Group Pre Post t r Cohen’s Source F r np
d
Overall health- EG 26.42+6.  43.89+12.  7.101  <0.001* 1.846 Time 50.5  <0.001* 0.5
related physical (n=19) 35 22 ¥ 70 ok 58
fitness scores CG 28.35X6.  29.00£7.9  0.583 0.566 0.127 TimexXGrou 435 <0.001* 0.5
(n=23) 23 9 p 53 ok 21
Cardiorespira- EG 8.5316.2 11.32+44  1.940 0.068 0.458 Time 0.38 0.541 0.0
tory endurance  (n=19) 4 7 0 09
CG 9.57£4.2 7741332  2.336 0.029* 0.501 TimeXGrou 8.72  0.005** 0.1
(n=23) 8 p 3 79
Flexibility EG 2.42+34  553%£3.70  3.385  0.003** 0.779 Time 8.86  0.005*F 0.1
(n=19) 5 O* 81
CG 452154  513%4.80  0.722 0.478 0.153 TimeXGrou  4.00 0.052 0.0
(n=23) 5 p 8 91
Muscular EG 7.53145  13.05%4.1  3.681  0.002** 0.844 Time 19.1  <0.001* 0.3
strength  and  (n=19) 0 7 47 ok 24
endurance CG 717146  8.6514.22  1.934 0.066 0.406 TimeXGrou 6.39  0.015* 0.1
(n=23) 5 p 5 38
Power EG 4.00£3.3  7.00£2.85 3983  0.010** 0.927 Time 17.0  <0.001* 0.2
(n=19) 8 05 ok 98
CG 391137  4.30%3.77  0.941 0.357 0.196 TimeXGrou 10.0  0.003** 0.2
(n=23) 9 p 62 98
Body mass in- EG 3.79%£2.8 5471312  2.202 0.041%* 0.505 Time 7.67  0.008%F 0.1
dex (n=19) 2 5 61
CG 5.22+45 5.61+4.15 1.521 0.142 0.331 TimeXGrou  2.97 0.092 0.0
(n=23) 1 p 8 69
EG: experimental group, CG: control group.
*P<0.05, ¥**P<0.01, ***P<(.001; tested via paired t-test and two-way repeated-measures analysis of variance
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Table 4: Changes in physical fitness factors among female students

Fitness factor Group Pre Post t r Cohen’s Source F r p
d

Overall  health- EG 2877£6.06  47.54%7.62 9.218  <0.001*** 2.096 Time 75117 <0.001%**  0.620

related  physical (n=206)

fitness scotres CG 33.50£5.32  35.00+5.34 1.851 0.078 0.394 TimeXGroup  54.527  <0.001%%*  0.542
(n=22)

Cardiorespiratory EG 9.27£5.98  11.0814.04 1.358 0.187 0.273 Time 0.014 0.905 0.000

endurance (n=206)
CG 11.77£5.06  9.77£4.78  2.730 0.013* 0.584 TimeXGroup  5.677 0.021* 0.110
(n=22)

Flexibility EG 3.73£3.83 8.8515.36  4.899  <0.001%** 0.990 Time 21.104  <0.001**¢  0.315
(n=26)
CG 3.73£4.75 4.50£5.56  1.199 0.244 0.264 TimeXGroup  11.480 0.001%** 0.200
(n=22)

Muscular strength EG 6.00£3.31 12381492 5157  <0.001*+* 1.183 Time 26.643  <0.001%¥F  0.367

and endurance (n=20)
CG 7.00£2.91 9.09t4.41  2.047 0.053 0.450 TimeXGroup  6.838 0.012* 0.129
(n=22)

Power EG 5.19£3.75 7.4613.09 4738  <0.001*++* 0.962 Time 26.080  <0.001*¥F  0.362
(n=206)
CG 5.64%3.47 7.14£2.97  2.637 0.015 0.571 TimeXGroup  1.086 0.303 0.023
(n=22)

Body mass index EG 5.19£3.96 7.1914.66  2.271 0.032* 0.449 Time 7.306 0.010* 0.137
(n=206)
CG 4771284  6.50£4.95  1.600 0.125 0.361 TimeXGroup  0.039 0.844 0.001
(n=22)

EG: experimental group, CG: control group.

*P<0.05, *¥P<0.01, ***P<0.001; tested via paired t-test and two-way repeated measures analysis of variance

Discussion

In the present study, we investigated changes in
physical fitness following implementation of a
virtual reality-based physical education program
for 5th and 6th grade elementary school students.
First, overall health-related physical fitness scores
based on standardized tests of cardiorespiratory
endurance, flexibility, muscular strength, endur-
ance, power, and BMI differed significantly be-
tween the experimental and control groups
among both male and female participants. Specif-
ically, a significant within-group difference was
observed within the experimental group but not
the control group. In particular, we observed sig-
nificant differences in time and group interac-
tions, indicating that the virtual reality-based
physical education program was effective for the
experimental group. These findings are in ac-
cordance with previous results highlighting the
effectiveness of virtual reality-based physical edu-
cation for both children and adults (20). Indeed,
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adult studies have highlighted the ability of such
programs to improve cognitive function (21-22),
emotional regulation, and dietary habits. Such
programs have also demonstrated effectiveness in
promoting physical activity and improving both
balance and cognitive function in older adults
(23). Moreover, virtual reality-based rehabilitation
has shown promise in patients with stroke and
Parkinson's disease, with effects comparable to or
better than those of existing methods (23). Simi-
lar to our results, previous studies have reported
that such programs can lead to positive attitudes
and promote knowledge of movement among
students (24-25). Therefore, in addition to being
adaptable to each student’s developmental level,
the program developed in the current study may
help to foster kinesthetic awareness based on
feedback from motion sensors and cameras.

In the present study, we also observed significant
differences in cardiorespiratory endurance be-
tween the experimental and control groups for
both male and female participants. The signifi-
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cant differences between the groups were ulti-
mately affected by a decrease in the control
group rather than an increase in the experimental
group. The facility in which the virtual reality-
based physical education program was conducted
was approximately the size of two regular class-
rooms, meaning that it was rather narrow com-
pared to a playground or gym. Energy consump-
tion in a gym setting was roughly 4.1F1.1
kcal/min, while that in virtual reality-based physi-
cal activity facilities exceeded 3.5+0.9 kcal/min
(26). Therefore, despite a significant difference in
average cardiorespiratory endurance, other differ-
ences may have been nonsignificant due to limi-
tations in the radius of activity and range of mo-
tion, given the space limitations (27). However,
because energy consumption during virtual reali-
ty-based physical activity is much greater than the
rate of 0.7+1.3 kcal/min for general living
movements such as studying, sleeping, and walk-
ing, our results suggest that such programming
can aid in improving cardiorespiratory endurance
through strategic design (28). In contrast, we ob-
served a significant decrease in cardiorespiratory
endurance in the control group. This may be be-
cause we included the vacation period in the ex-
perimental period, during which factors promot-
ing activity may have been absent. However, we
observed no significant decreases in other physi-
cal factors. In fact, according to a study investi-
gating changes in physical fitness before and after
the COVID-19 pandemic, decreases in cardi-
orespiratory endurance were most strongly relat-
ed to decreases in physical activity (18).

Notably, we observed no effect of time or group
on flexibility or BMI in boys. Similarly, these var-
iables exerted no effects on power or BMI in gitls,
suggesting that changes in physical fitness dif-
fered according to gender. One study examining
differences in exercise performance between boys
and girls during adolescence reported relatively
better explosive power in the upper and lower
extremities among boys, as well as relatively bet-
ter flexibility and balance among gitls (29). These
findings suggest that, even when participating in
the same program, boys and girls may experience
different performance benefits. However, BMI
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did not significantly differ between boys and gitls,
despite reports that weight loss is significantly
related to food intake and physical activity (30).
Ultimately, our results provide insight into the
effects of virtual reality-based physical education
among elementary school students in Korea.
However, this study included only 5th and 6th
grade students from a single region, thus limiting
the generalizability of our results. In addition,
students who participated in the program tended
to have relatively low fitness levels, necessitating
further studies to determine whether the same
effect can be observed among those with moder-
ate or high physical fitness levels.

Conclusion

Virtual reality-based physical education programs
are effective for improving physical fitness
among elementary school students. Therefore,
such programs may aid in recovering physical
fitness status among students who have experi-
enced a deterioration in performance due to the
COVID-19 pandemic. Evidence to date suggests
such programs can help strengthen cardiorespira-
tory endurance by increasing energy consumption
within a limited physical space. Nonetheless, fur-
ther studies are required to investigate differential
effects between boys and gitls, as well as the in-
fluence of food intake on weight and other out-
comes.
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