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Abstract

The purpose of this study is to find out the effect of sports virtual training with applied sports science and information
and communication technology (ICT) for adults. We have developed a 4-week workout program that focuses on
improving basic endurance, strength, and function. The experiment is to derive the kinematic data for ergonomic
evaluation of indoor sports device combined with a virtual image and to compare and evaluate the pre- and
post-body composition. Twenty-one participants were selected, and each training program was conducted considering
individual differences and levels. Results showed that 4-week sports virtual reality (VR) training program developed in this

study turned out to be appropriate as a sport VR training one to improve body composition and health. Although it is
difficult to generalize the effect to all human, it is meaningful to study some ways of reducing the heterogeneity and
improving the training efficiency in the situation where the sports VR system is gradually being applied to the exercise.
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1 Introduction

VR (virtual reality) technology provides immersion and
fun to operators and a positive effect of increasing learn-
ing effectiveness in the field of education and training [1,
2]. It should be noted that the end user of VR and AR
(augmented reality) is human. In other words, efforts to
make end users as easy, comfortable, mentally and physic-
ally burdens as possible should be studied as VR and AR
pursue users’ needs (fun, immersion, etc.). For example, a
system that poses a threat to safety, as infants and toddlers
who have seen Pokémon videos in the 1990s, which
caused headaches, vomiting, and seizures in Japan, are not
likely to be socially acceptable. Recently, there have been
actively developed products that incorporate images in in-
door fitness equipment (bicycles, running machines, etc.)
[3]. In many cases, 2D, 3D, or HMD (head mounted dis-
play)-based VRs are applied to existing mechanical fitness
device to increase exercise immersion and eliminate bore-
dom. In this case, due to the image fatigue caused by the
VR image, a physical imbalance may be induced after the
end of the exercise. Smaller products are more likely to
experience image fatigue because they give a stereoscopic
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effect on a smaller screen than a regular monitor, and
image fatigue remains in the body for a certain period of
time even after VR stimulation is removed [4]. Most of
the related studies have used quantitative image qualities
such as flicker fusion frequency tester (EEG) to measure
the degree of image fatigue depending on the types of
image stimuli (2D, 3D, HMD-based VR). Also, research is
also being conducted on how visual fatigue, one of image
fatigue that is generated by image, is affected by personal-
ity. However, research on the effect of VR-applied sports
device on physical exercise ones other than mental influ-
ences has not been actively conducted yet. Physical educa-
tion classes using ICT are becoming an alternative to
overcome weak physical education facilities and environ-
ments. ICT education methods such as internet, various
software, and simulation program utilization can provide
opportunities for various experiences by overcoming the
limit of time and space. Therefore, the purpose of this
study is to investigate the effect of sports VR training
(4-week aerobic/anaerobic exercise) for body composition,
which thus provides theoretically the exercise program for
effective health care.
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2 Methods

2.1 Subjects

Twenty-three male university students who had experi-
ence using VR game participate in this study. But those in
the experimental group who did not participate in the ex-
ercise sessions more than three times during the total
period of 4 weeks were excluded from the results analysis,
which resulted in there ultimately being 21 male subjects
(23.71+1.87 years, 175.81+4.12cm, 67.23 +14.55kg,
22.96 kg/m?) in the experimental group. Exclusion criteria
had a history of neuromuscular diseases and related oper-
ations within the preceding 6 months and limited range of
motion. All subjects participated in the experiments after
being sufficiently informed of the contents of the experi-
ments. To ensure postural accuracy and safety, each sub-
ject was given sufficient time to practice. Size of the
subjects was calculated by using G*POWER 3.1 version
program [5], and the number of calculated sample was 19
participants with 0.05 significance level, 0.95 power, with
0.8 large effect size and therefore, it satisfied the number
of participants (Table 1).

2.2 Sports VR system
A sports VR system used for the experiment was fixed on
a flat surface. The task was executed on the sports device,
which consists of a platform on wheels that moves left
and right, parallel metal rails. Rubber belts fasten the plat-
form to the rails and ensured that it regains its resting
position in the middle of the apparatus [6, 7]. Participants
should pass many of obstacles (based on participant’s
level) in VR environment about 1~3 min as shown in
Fig. 1. The sports VR system that passes between the ob-
stacles accelerates when sliding with the shortest distance,
and it is a way to determine the winner by deriving the ac-
curacy of the turn and the time record. We conducted the
experiment with medium levels of elasticity strength ac-
cording to subject’s body weight, condition, and levels.
The sports VR system consists of the distance measurement
using the IR sensor and the reflector, and the actual body
movement, muscle strength, balance, and resistance band.
Participations use their lunch time and the after-school activity
time for 12 trials (3 days x 30 min x 4 weeks). In addition
to the sports, it is composed of contents to be able to
learn the actual skill of the sports before the start of the
game. The warm-up exercises were performed for ap-
proximately 5 min, the main exercises were done for ap-
proximately 20-30min depending on the exercises
performed, and the wrap-up exercises were done for ap-
proximately 5min. The 4-week period was divided into

Table 1 Subject characteristics
N Age Height
21 2371 +£187 17581 £ 4.12

Weight BMI
6723 £ 1455 22.96
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the adaptive period (week 1), the development period
(weeks 2-3), and the maintenance period (week 4) as
shown in Fig. la, which were performed in a same se-
quence order to avoid compromising the results.

The intensity of the sports VR training was controlled at
level 11 on the rating of perceived exertion (RPE) scale
and at a percentage of maximal heart rate (%HR max) of
80%. Body and balance measurements before and after ap-
plying the sports VR training program were performed
with a body composition analyzer (Inbody 520, Korea) [8].
The body composition test measured the ratio and
amount of constituting the human body to the body mass
index (r). BMI is a measure of obesity based, divided by
body weight (kg) divided by the square of your height
(cm) [9]. BMI can be used in a variety of fields because it
has the usefulness to measure individual obesity world-
wide. The body composition analyzer can assess not only
weight, BMI, body fat, and muscle mass but also obesity
in the abdominal region and muscle development accord-
ing to body part. For the body composition measure-
ments, the subjects held electrode handles in both hands
in a vertical position with their socks off and maintained
the correct posture for approximately 1 min.

Descriptive statistics were used for the physical charac-
teristics of the groups and the measurement data. A
paired-sample ¢ test was conducted to examine the differ-
ence between before and after the sports VR training pro-
gram, and post hoc analysis was used to examine the
correlation between variables. The statistical significance
level for the measured values was set at p <0.05, and the
data were statistically processed using IBM SPSS Statistics
version 20.0.

3 Results and discussion

The purpose of this study is to investigate the effects of
sports VR training. The VR training (program) was de-
signed to actively reflect the movement of the body. In
addition, we tried to induce their participation continu-
ously. In this way, students are interested in the program
that they have not easily experienced before and have been
exercising steadily. In this way, students were interested in
the program that they have not easily experienced before.
As a result (Table 2, Fig. 2), the body water and protein
showed significantly (p <.05) higher after 4 week of sports
VR training (36.13 kg) (9.74 kg) than pre training (35.72 kg)
(9.60kg). As a result of the body fat pre- and
post-exercise, there were 18.50kg (pre), 17.73 kg (post),
and skeletal muscle mass was 26.98 kg (pre) and 27.36 kg
(post) with significant difference (p <.05). As body fat de-
creased, skeletal muscle mass increased; thus, there seems
to be a correlation between body fat and skeletal muscle
mass. Fat mass and body fat (%) also decreased in
post-exercise with significant difference (p <.05), and both
arm and leg also increased post-exercise as well.
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Workout 1week. SoundBody - PROSKI

stratching on the floor

3days Basic endurance, coordingation, balance and strength
WARM-UP Warm Up 5min REP/TIME REST / INT

stretching on the floor
check ROM and intensity(1-6/1-10) SMIN FREE

TECHINQUE Basci Skill 10min
ver.1 (tutorial) 3set x 1.5min 1.5min/LOW*
ver.2 (competiton)

| i raini 1 . .
CARDIO/STRENGHT  Functional Tl.amlng 15min 3set x 3.5min 1.5min/LOW"

ver.3 (real ski 3)

COOL DOWN Cool down 5Smin SMIN FREE

stretching on the floor

Workout 2week. SoundTiody
Sdaﬁ asic endurance coordingation, balance and strength _ _ _
WARM-UP WARM UP Smin REP/TIME REST / LOW INT.
stretching on the. floor' SMIN FREE
check ROM and intensity(1-6/1-10)
TECHINQUE Basci Skill 10min . . .
4set x 2, 0.5 Med
A-2 Workout : 1(2)-2(2)-3(2)-1(2) setx emn min/Medium
CARDIO/STRENGHT  Functional Training 15min . . .
N Sset x 21 1 Med
A-3 Workout : 1(2)-2(2)-3-4-5-6 setx.emn min/Medium
COOL DOWN Cool down 5min SMIN FREE

Fig. 1 The proposed sports VR system. a 4-week workout. b A snapshot of virtual training images integrated with platform

J

Therefore, the body fat, muscle strength, and balance
(ratio) between upper and lower body were improved in
the sports VR training program. Thus, we can expect that
the longer the training period, the greater the range of
motion of the body joint angle can be interpreted as maxi-
mizing the effect of exercise. It also seems that carrying
out the exercise while watching the VR screen (images)
showed more exercise amount and concentration (partici-
pation rate) than ordinary exercise. American College of
Sports Medicine (ACSM) underscored the importance of
physical strength with regard to health over physical
strength in terms of motor skills based on the fact that the
decline in four capacities of body composition, cardiore-
spiratory endurance, muscular strength, and muscular

endurance and flexibility significantly increases the prob-
ability of diagnoses of lifestyle diseases and health impair-
ments. One of the most critical elements of physical
fitness is cardiorespiratory endurance. Resistance exercises
enhance muscle mass and stimulate muscle activities, thus
efficiently aligning the body parts and maintaining good
posture. They also improve one’s ability to perform vari-
ous exercises requiring muscle strength, endurance, and
energy; thus, they can positively influence basic health
functions such as metabolism and cardiovascular func-
tioning [10, 11]. However, resistance exercises, an inad-
equate exercise carries a risk of injury even when the
exercises are well timed and well equipped [12]. This
study attempted to examine how sports VR training can
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Table 2 The effect of sports VR training on human body composition

Pre-exercise  Post-exercise T p

Body water (£) 3572+ 749 3613766 —2748 012*
Protein (kg) 9.60 = 2.03 9.74 + 2.09 —2687 .014*
Minerals (kg) 341 + 067 343 +£0.70 —795 436
Body fat (kg) 1850+ 752 1773 +691 2263  .035%
Body weight (kg) 67.23 £ 1455 6702 + 1450 558 583
Skeletal muscle mass (kg) 2698 £ 6.14 2736 +£632 —2539 .020*
Fat mass (kg) 1850+ 752 1773 +691 2263  .035*
BMI (kg/m?) 2296 £400 2287 +397 709 487
Body fat (%) 2713 +£785 2615+737 2842  010*
Abdominal fat (0-1) 087 = 0.07 0.87 £ 0.06 301 .766

R arm (kg) 247 077  252+078  —3.159 .005%*
Ratio (%) 8672 £943 8861 +943 —3546 .002**
L arm (kg) 244 £ 0.75 249 £ 0.77 —3447 .003**
Ratio (%) 8551 +876 8749 +909 —4061 .001**
Trunk (kg) 2135+ 458 2114 +£467 445 661
Ratio (%) 9256 +549 9387 +£542 —3880 .001**
R leg (kg) 798 £ 1.80 801 £ 1.81 —-834 414
Ratio (%) 99.28 £ 1068 99.88 + 1069 —1.533 .141

L leg (kg) 793 £1.77 798 £1.78 —-1357 190
Ratio (%) 98.71 £10.57 9954 1052 —2065 .052

*p <.05, **p < .01

improve the postural alignment and body composition of
an adult. The sports VR training can help to use minor
muscles that are not frequently used in daily activities,
without implementing running or large movements of the
body. It is an exercise that can enhance body function and
muscle strength, while addressing incorrect posture, fa-
tigue, muscle pain, low back pain, shoulder and neck pain,
and stress [13]. The sports VR training, which was created
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by ski concept, is a form of exercise that relaxes body ten-
sion and strengthens deep muscles by using the body
weight of the participant. This kind of program is known
to be useful in enhancing lower limb function in various
targets. This study confirms that sports VR training has a
positive impact on body postural alignment and compos-
ition in adults, which can be attributed to the fact that
sports VR training is performed symmetrically and
strengthens the core muscles. Moreover, the results
showed that muscle mass, amount of body fat, and balance
are critical in maintaining trunk postural alignment. Be-
cause the actions of the muscles should come first in order
to maintain the skeletal form and the postural alignment.

4 Conclusions

We investigated the effects of 4-week sports VR training
which is a type of VR game-based program. The sports
VR training system provides a combination of horizontal,
sagittal, and coronal plane motion moving transversely.
For the athletes, they are movements that need to improve
their skills and prevent injury [6, 10]. Whereas, it is an ex-
ercise that can improve the function and strength of the
body while exercising the small muscles that are not nor-
mally used by the general people and can eliminate the
wrong posture, fatigue, pain, and stress. In many previous
studies [11-15], simulator-based sports exercise has also
been shown to increase the stability of the trunk by influ-
encing bilateral movements. In this study, we also con-
firmed that the alignment of the body coordination and
the muscle mass increases, and we found that body fat de-
creased and muscle mass increased through the 4-week
training. Therefore, appropriate sports VR training
(game-based) is seen as an important factor in the trunk
alignment, and it also affects the strength, balance, and
quality of life of the lower extremities. Recently, studies
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L Arm Ratio (%)
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R Arm Ratio (%)

Pre

Body water (£)

Fig. 2 The effect of sports VR training on human body composition (5-point scale)
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with various age groups and materials included VR gears
[14, 16-18] have been continuing and have been taking
place as an effective training method. In this study, sports
VR training which may be helpful for aerobic exercise and
may strengthen cardiopulmonary showed better effect on
coordination (body composition). Changes in body com-
position during sports VR training exercise may contrib-
ute to the stability of posture as well as the balance
needed for daily life. Based on this research, it has been
confirmed that even a 4-week exercise can positively affect
body composition. And it is expected that it can be ap-
plied to the training (program) to improve human body
composition with various target including rehab and eld-
erly, and to help to find ways to develop immersion and
actual exercise effect during stimulating people’s interests.
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BMI: Body mass index; HMD: Head mounted display; RPE: Rating of perceived
exertion; VR: Virtual reality
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