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ARTICLE INFO ABSTRACT

Background/Objectives: This study aims to investigate the impact of extended reality (XR)
technology on adults’ reflexes, judgment, and balance control, with the goal of proposing
Revised: 31 Jan 2025 effective fall prevention methods.

Accepted: 12 Feb 2025  Methods/Statistical analysis: This study was conducted on 42 male and female college
students aged 20~25 years old who are enrolled in S University, A City, Korea, and were
randomly distributed into XR-wearing exercise group (XRG) and verbal instruction exercise
group (VIG) for 4 weeks after evaluating their health status and ability through preliminary
interviews. The study evaluated the effects of each group through tests for judgment (K-MOKA),
reflexes (TMT), and balance control (TUG, STS). Statistical analysis was performed using SPSS
22.0 to analyse differences between groups.

Received: 22 Dec 2024

Findings: This study demonstrated that XR-based fall prevention training significantly
improved adults' reflexes, judgment, and balance control abilities. This suggests that XR training
is more effective than traditional methods and raises the possibility of establishing it as a new
approach to fall prevention.

Improvements/Applications: Training programs utilizing XR technology can contribut
e to fall prevention in the elderly and vulnerable populations. Future research should ex
plore the diverse applications of XR and seek directions for developing it into a more ¢
omprehensive treatment approach.
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1. Introduction

Falls are a major cause of injury among elderly individuals aged 65 and older [1]. As individuals age and their
physical and cognitive abilities decline, muscle strength, coordination, and balance gradually decrease, increasing
the risk of falls [2]. Falls are a major cause of injury, injury-related disability, and death among the elderly [3]. Falls
can lead to injuries, loss of confidence, and a subsequent decrease in activity levels and community participation [4].
Accordingly, fall prevention has emerged as a crucial task for the health and well-being of the elderly population.
Research aimed at predicting and preventing future fall rates, such as that conducted by Maria Jose Calero and others,
is increasing [5].

Extended Reality (XR) is a comprehensive term that summarizes the entire spectrum of VR, AR, and MR, merging
the real world and the virtual world in a way that creates a window between them [6,7]. Extended Reality (XR) not
only combines aspects of actual reality (the physical world around us) with the power of virtual reality, but also
integrates reality with possibilities. In other words, through Extended Reality, we can experience new objects or
scenarios that do not actually exist. Mobile technologies, including smartphones, tablets, and HMDs like Microsoft's
HoloLens and Magic Leap, can connect data and space through a process known as real-time reification [8,9]. As an
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example of XR, Lonergan and Hedley developed a series of applications that simulate virtual water flow across real
surfaces, while Lochhead and Hedley provided simulations of virtual evacuees navigating through actual multi-
layered architectural spaces. [10,11]. In both cases, the simulations were made possible through spatial data
representations of the physical structures of the respective spaces.[12].

Extended Reality technologies have often been used for training and rehabilitation purposes. The popularity of these
technologies has rapidly increased in recent years, garnering significant attention in scientific research [13]. Training
with Extended Reality technologies simulates fall risk situations that can occur in everyday environments, and
education in a simulated environment offers the possibility of immediate feedback [14]. Such immediate feedback
enables learners to correct their mistakes on their own before the error propagates, promoting faster and more
accurate learning [15]. Focusing on improving balance, reflexes, and motor control, this can help prevent falls and
minimize injuries. According to Joke Schuermans' paper, extended reality has been found to provide added value in
both sports injury prevention and rehabilitation outcomes. Especially, it provides an opportunity to prevent the
underlying risks of common sports injuries, allowing athletes to train protective movement patterns more effectively
[16]. It has been shown that extended reality-based fall prevention training can improve participants' balance control
and motor skills.These results have potential value in reducing the risk of falls and improving the quality of life for
the elderly and others with balance impairments.

Research on XR training-based rehabilitation therapy has been extensively conducted. A study found that MR-based
exercises for a group of patients required to strengthen arm, hand, and finger functions improved arm function and
finger dexterity, which was confirmed through the Wolf Motor Function Test, Box and Blocks Test, and Nine Hole
Peg Test. Patients exhibited higher levels of attention and satisfaction compared to traditional exercises. Additionally,
it demonstrated the potential to be integrated into clinical practice with high acceptability and relatively low costs.
[17]. Another study indicated that XR-based rehabilitation system exercises facilitated the recovery process of the
hemiplegic lower limb and provided new insights into the patients' brain functions. Notably, the flexion angle of the
hemiplegic knee during walking improved when following the tempo of XR music. These results suggest that the XR
system can have a positive effect on patients' rehabilitation [18]. According to Tiphanie E. Raffegeau's paper, using
XR to simulate the effects on cognitive behavior can help improve cognitive function in the elderly and reduce the
risk of falls. Elderly individuals can face various cognitive challenges in XR environments, which can enhance their
attention, spatial awareness, and judgment. Additionally, XR-based training can present an effective strategy for
improving cognitive function by assessing the cognitive abilities of the elderly and providing personalized
intervention methods. This helps elderly individuals develop the ability to engage in daily activities more safely and
independently [19].

Another study found that therapy using extended reality (XR) had a positive impact on the recovery of upper limb
(UL) function and the improvement of activities of daily living (ADL) in stroke patients. However, therapy using these
technologies did not show significant improvement in upper limb function tests. Therefore, while XR therapy shows
superior results compared to traditional methods, its effectiveness appears to be minimal in terms of upper limb
function measurement. These results can serve as a reference when evaluating the effectiveness of XR technology in
the field of stroke rehabilitation and considering future research directions; however, there remains controversy
regarding the effects of XR [20]. Research on the effects of mixed reality-based fall prevention training on adults'
reflexes, judgment, and balance control is still limited. [21]. Additionally, according to M. Morel, there is a limitation
that distance perception differs when using XR. It is underestimated in XR compared to real-life situations. For
example, compared to real-life situations, the amplitude of the center of pressure and reaction time may differ in XR,
potentially altering the patient's behavior. Therefore, there are often limitations that are overlooked or
underestimated depending on the type of research. Accordingly, this study aims to investigate the effects of extended
reality-based fall prevention training on adults' reflexes, judgment, and balance control.

Previous studies have focused on effective training methods for fall prevention, particularly investigating the
potential of training utilizing mixed reality technology to enhance its effectiveness. It was a study conducted on
elderly individuals, and there is a limitation due to the small sample size. To overcome these limitations, the study
aims to be conducted on healthy adults instead of the elderly, with an expanded sample size. Additionally, while
previous studies focused solely on balance control, this study will also investigate reflexes and judgment.

Therefore, the purpose of this study is to investigate the effects of fall prevention training utilizing extended reality
(XR) technology on adults' reflexes, judgment, and balance control abilities, and to compare this with traditional fall
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prevention training. These abilities play a crucial role in performing daily activities, and the research findings are
expected to enhance the understanding of effective treatments and training methods for fall prevention, contributing
to the safety and health of the elderly and other vulnerable groups. It was hypothesized that the reflexes, judgment,
and balance control abilities during XR training would be as effective as those in the verbal instruction group (VIG),
and that XR training could enhance the effectiveness of training by providing users with immersion and various
sensory stimuli.The effectiveness of XR training in enhancing adults’ reflexes, judgment, and balance control will be
comparable to that of the verbal instruction group (VIG) led by physical therapists. XR training is expected to provide
users with an immersive experience and enhance the effectiveness of fall prevention training through diverse sensory
stimuli.

2. Materials and Methods
2.1 Participants

This study was conducted with 42 healthy adults aged 20 to 25 enrolled at S University located in City A, South
Korea. The sample size was calculated using the 'GPOWER, 3.1.9.7' program. Before participating in the study, all
subjects were informed about the purpose and methods of the research. Participants in this study were individuals
with no injuries and no prior medical history, who had provided consent in advance. The experimental subjects were
selected based on the following criteria: 1) those who can stand for 30 seconds, 2) those who have the ability to walk
with or without assistance, 3) those with normal or corrected normal hearing and vision, and 4) those with no medical
history. The research participants were provided with a thorough explanation of the purpose and methods of the
experimental study, and the researcher informed them that any physical or personal information obtained during the
study would not be disclosed outside of the experiment. Subsequently, the participants voluntarily completed a
written consent form before participating in the study. All participants had their height measured using the
autonomic BMI measuring instrument (BSM 370, Korea, 2011) and their weight measured using the BODY
COMPOSITION ANALYZER (INBODY 570, Biospace, Korea, 2013) before the experiment. The physical
characteristics of the participants are shown in [Table 1].

Table1. General characteristics of subjects (n=21)
XRG(N=21) VIG(N=21) P

Age 21.714+1.736 21.524+1.327 .139
(year)
Height

(cm) 167.667+10.185 167.857+9.248 .517
Weight

(kg) 63.381+16.366 64.143+13.752 .600

Values indicated mean + standard deviation, XRG: XR Group, VIG: Verbal Instructions Group

This study was set up as a single blind, meaning that the participants did not know which group they belonged to or
what the other group was doing. They were randomly assigned to two groups using Excel functions before the
experiment. This study was approved by the Institutional Review Board (IRB) of Dongbang Culture University (8223-
202408-HR-012-01).

2.2, Experiment procedures

The research procedure is as follows. The research participants had their height and weight measured once before
the experiment, and assessments of reflexes, judgment, and balance control were conducted twice: once before and
once after the intervention.
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Figure 1. Experiment Procedures
2.3. Measurement Tools and Methods

All research participants had their height and weight measured once before the intervention, and assessments of
reflexes, judgment, and balance control were conducted twice: once before and once after the intervention. All
measurements and evaluations were conducted by the same researcher to minimize error, and the evaluation location
and methods were standardized.

Based on the CDC's fall risk assessment recommendations (STEADI), a reliable clinical test set focused on mobility
and strength was conducted to evaluate the validity of head movement tracking exercises. The assessment of reflexes
was measured using the Trail Making Test (TMT). The Trail Making Tests (TMT) require a combination of visual
perceptual ability, visual search, motor speed, complex visual scanning, and agility. Participants must perform the
test at their fastest possible speed, and the test will be terminated if three uncorrected errors occur during the
assessment. The participants underwent the Trail Making Test (TMT) to measure the average response time and
average accuracy values [Figure 2-A].

The assessment of judgment was measured using the Korean version of the Montreal Cognitive Assessment (K-
MOKA). The Korean version of the Montreal Cognitive Assessment is a tool designed to be sensitive to mild cognitive
impairment, consisting of execution tasks and attention tasks. It consists of seven subcategories:
visuospatial/executive function (5 points), vocabulary (3 points), attention (6 points), sentence construction (3
points), abstraction (2 points), recall (5 points), and orientation (6 points). The maximum score is 30 points, and a
score of 23 or higher is considered normal. Additionally, there is a memory item, but no score is assigned to it.
Considering this, the Korean version of the Montreal Cognitive Assessment (K-MOKA) was administered to the
participants, and the total scores for each item were measured and recorded [Figure 2-B].

The assessment of balance control was measured using the Timed Up & Go (TUG) test. A chair with a backrest was
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placed, and a piece of tape was laid on the floor 3 meters away from the front edge of the chair to mark the position.
The patient started seated in the chair with their back against the backrest and arms resting on the armrests. The test
was conducted by measuring the time it took for the patient to stand up from the chair, walk 3 meters at a normal
pace (rather than a fast speed), turn around, and return to the chair. The patient performed the test once, and if there
were any clear errors, the TUG was repeated once more. Lower limb strength and balance ability were assessed using
the Sit To Stand (STS test) - 30. The Sit To Stand (STS test) was conducted using a chair without armrests (height 45
cm, width 41 ¢cm), and to minimize the risk of falling, the chair was supported against a wall. The participants were
instructed to sit against the chair with their arms crossed over their chest, and the test was conducted for 30 seconds,
during which the participants repeatedly stood up and sat down. During the test, the participants were instructed to
perform the task "as quickly as possible." The examiner measured the number of times the participants completed
the sit-to-stand task within the 30 seconds [Figure2-C, Figure2-D].
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2.4. Intervention method

Both groups, XRG (= XR) and VIG (= verbal instructions), performed all exercises in 2 sets, with 15 repetitions per
set. The fall prevention training consisted of exercises using a wedge and a ball to strengthen the lower limb and trunk
muscles. All exercises were performed bilaterally. The XR device used in the XRG group was the Microsoft HoloLens
2. The Microsoft HoloLens 2 is a mixed reality device that allows interaction with 3D digital objects in real space.
Eye-tracking that accurately tracks eye movements and 3D spatial recognition technology can create an enhanced
work environment. With a 2K resolution, it provides a high level of immersion and allows for the free configuration
of the GUI through various hand gestures such as pinch and drag. After having the participants wear the device, they
viewed a video of the same exercise program applied to both groups while simultaneously performing the exercises.
The VIG group implemented the same exercise program as Group 1 under the direct verbal instructions

of the therapist.

Figure3 XR exercise

name explanation

1. Start in a standing position. Bend your knees and keep your feet flat
on the floor.

Knee to Chest 2. Slowly pull one knee towards your chest. You can wrap your hands

(warm up) around the knee or pull it gently if needed.

3. Hold the knee towards your chest for about 10 seconds.

4. After pulling one knee, pull the opposite knee in the same manner.
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Standing
Forward Bend

(warm up)

1. Stand straight with your feet shoulder-width apart to begin.

2. Take a deep breath in, and as you exhale, bend at the waist to lean your
upper body forward. It's fine to slightly bend your knees. Your hands
can touch the floor or hold your ankles or toes.

3. Hold the upper body in the forward bent position for about 10 seconds.

4. Inhale again and slowly raise your upper body, returning to a
standing position.

Balance Ball Clap

1. Place the balance ball on the floor and stand with your feet shoulder-
width apart to get ready.

2. Place your foot in the center of the balance ball to maintain your
balance.

3. While on the balance ball, clap your hands. It's important to
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maintain your balance during this.

4. After clapping, step down from the balance ball. Lift your feet off t he
center of the ball and land steadily on the floor

5. Repeat this process 15 times for 2sets.

Single Leg
Balance on
Balance

1. Place the balance ball on the floor and stand with your feet shoulder-
width apart to get ready.

2. Place one foot in the center of the balance ball while lifting the other
foot off the ground so that it doesn't touch the floor.

3. Stand on one foot, engage your core muscles, and maintain your
balance while keeping your body centered.

4. Maintain your balance for 15 seconds.

5. After completing the standing motion on one foot, repeat the same
method with the opposite foot.
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Squart

1. Stand with your feet shoulder-width apart, with your toes slightly
pointed outward. You can keep your arms by your sides or cross
them in front of your chest.

2. Exhale as you push your hips back and bend your knees. At this time,
your upper body should naturally lean forward, and be careful not to
let your knees go past your toes.

3.Sit as low as possible. Generally, it's best to lower your thighs to be
parallel to the floor or even lower.

4. Inhale as you push your hips up while keeping your heels on the
ground to rise up.

5. Repeat this process for 20 times in 2 sets.

Hip Bridge with
Ball Squeeze

1. Lie on your back with your knees bent and your feet shoulder-width
apart. Place a small ball (e.g., a balance ball or massage ball) between
your feet.

2.Gently squeeze the ball between your knees to hold it in place. It's
important to engage your hips and core during this process.

3. Exhale as you lift your hips. Keep your hips and thighs in a straight
line, ensuring your shoulders remain on the ground.

4. Hold your hips at the highest position for 1-2 seconds, squeezing the
ball to further activate your glute muscles.

5. Inhale as you slowly lower your hips back down to the floor,
maintaining the pressure on the ball.

6. Repeat this process for 20 times in 2sets..
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plank

1. Start in a prone position on the floor. Support your body with your
elbows on the ground.

2. Position your elbows directly under your shoulders, and keep your
arms shoulder-width apart.

3. Support your body with your toes on the ground, keeping your body
in a straight line. Your feet can be together or slightly apart.

4. Contract your abdominal and glute muscles to maintain stability. Be
careful not to let your lower back sag or arch upward during this
time.

5. Keep your gaze directed at the floor and hold this position for 30
seconds.

6. When the time is up, slowly lower your knees to the ground and
return to a prone position.

7.Proceed with 2 sets.
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1. Start by sitting or lying down in a comfortable position. Relax your
shoulders and allow your body to unwind.

2. Place one hand on your chest and the other hand on your abdomen.
This way, you can feel the movement of your body while breathing.

3. Slowly take a deep breath in. You should feel your abdomen expand
while keeping your chest as still as possible.

4. After inhaling, pause for a moment and hold your breath for 1-2
seconds.

5. Slowly exhale through your mouth, feeling your abdomen contract.
Try to exhale as completely as possible.

. 6. Repeat this process 10 times.
Breathing

Exercise

(cool down)

Figure 4 Exercise program
2.5. Statistical Analysis

In this study, descriptive statistics were used to calculate general characteristics, and the mean and standard
deviation of each variable were calculated. In this study, all statistical analyses were conducted using IBM SPSS 26.0
statistical software. After the normalization test, an independent sample t test was performed to find out the
difference in the amount of change between the two groups, and a corresponding sample t test was performed to
compare the before and after experiments within groups A and B.

3. Results

This study measured and compared the effects of fall prevention training with verbal instruction and fall prevention
training with XR wearing. The normalization test showed that all variables followed a normal distribution. Paired t-
test was performed on the results of STS, TUG, K-MOCA, TMT1, and TMT2 evaluations for pre- and post-experiment
comparisons within each group. The results showed significant differences in both STS, TUG, and K-MOCA
assessments for XRG and VIG (p<.05), but no significant difference for TMT1 and TMT2 (p>.05). In addition, an
independent t-test was performed to determine the pre- and post-experimental differences between the two groups
in STS, TUG, K-MOCA, TMT1, and TMT2, and found that there was no significant difference in STS, TUG, and K-
MOCA assessments for XRG and VIG (p>.05), but there was a significant difference in TMT1 and TMT2 (p<.05).
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Table 2. Comparison of Pre and Post results between the two groups

group XRG VIG t P
pre 25.33+7.19 27.14+7.98 -.772 .96
Post 31.00+6.55 33.10+£8.49 -.895 14
STS
t -4.661 -2.949
P .00 .01
pre 5.87+£0.97 5.55+0.93 1.088 .49
Post 4.92+0.71 4.79+0.61 .644 .60
TUG
t 5.188 3.655
P .00 .00
pre 27.38+2.06 27.24+1.67 .247 14
K Post 28.76+1.37 28.67+1.35 .226 .68
MOCA t -2.968 -3.291
P .01 .00
pre 79.05+18.41 69.52+16.27 1.776 .76
Post 82.86+17.07 83.81+18.57 -.173 .79
TMT1
t -.810 -2.970
P 43 .01
pre 4.37+£1.07 4.48+1.26 -.303 .43
Post 4.09+1.01 3.78+0.88 1.074 .34
TMT2
t 1.121 3.540
P .28 .00

*p<.05, ¥¥p<.01, ***p<.001 (STS: Sit To Stand, TUG: Time Up and Go test)

Within-group comparisons showed significant differences between XRG and VIG (p<.05). In STS, there was no
significant difference between the two groups, with the experimental group increasing from 25.33+7.19 pre to
31.00+6.55 post, and the control group increasing from 27.14+7.98 pre to 33.10+8.49 post. This suggests that the fall
prevention program used in this study may help improve balance ability. An increase in STS test results indicates
improved muscle strength and dynamic balance.

In the TUG, there was no significant difference between the two groups, with a decrease from 5.87+0.97 pre-hoc
t0 4.92+0.71 post-hoc in the experimental group, and 5.55+0.93 pre-+0.61 post-hoc in the control group. On the TUG
test, a decrease in time indicates an increase in dynamic balance capacity and an improvement in functional mobility.
This can be considered a foundational ability for fall prevention, which supports the effectiveness of this program.

In TMT1 and TMT2, there was no significant difference between the two groups, with the experimental group
increasing from 79.05+18.41 pre-hoc to 82.86+17.07 post-hoc and the control group increasing from 69.52+16.27
pre-hoc to 83.81+18.57 post-hoc. In TMT2, the experimental group decreased from 4.37+1.07 to 4.09+1.01 post, and
the control group decreased from 4.48+1.26 to 3.78+0.88.



311 J INFORM SYSTEMS ENG. 10(20s)

In K-MOCA, there was no significant difference between the two groups, with the experimental group increasing
from 27.38+2.06 beforehand to 28.76+1.37 post, and the control group increasing from 27.24+1.67 to 28.67+1.35
before. These results support the assumption that the program improved cognitive performance.
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Figure 6: Reach the difference between pre and post between Groups
4. Discussion

The XR intervention in this study was sufficient to improve the subjects' reflexes, judgements, balances, and various
senses. When examining each group, the ability to judgment using the Korean version of the Montreal K-MOCA, the
standing and walking test, Time Up & Go (TUG test), and the sit to stand (STS test) were used to measure the ability
to judgment using the Korean version of the Montreal K-MOCA, and the before and after comparison of the XRG
group and the VIG group, and there was a statistically significant difference when compared before and after the
experiment. However, there was no statistically significant difference in reflex tests using the Trail Making Test.

Falls occur during a variety of daily activities that are limited by the Limits of Stability (LOS). The limit of stability
refers to the maximum distance a person can intentionally shift their center of gravity and lean in a given direction
without losing their balance or holding it. According to a study by Rydwik, E, strength training alone is not enough
to improve balance, which is related to the fact that muscle weakness, gait, and balance deficits increase the risk of
falls. Therefore, a combination of strength training and balance training may be the most effective in reducing the
incidence of falls. Muscle strength contributes to successful performance in daily activities such as climbing stairs,
regaining balance after a fall or slip, and getting up from a chair.

In addition, in the elderly, the integration of multiple sensory information is necessary to maintain balance, and the
lack of muscle strength and balance negatively affects this integration process. Studies have shown that strength
training contributes to increased muscle mass and improved balance in older adults, suggesting that such training
may play an important role in the prevention of falls. In particular, it has been shown that when strength training
strengthens the lower limbs, it improves body balance and functional mobility in older adults, which reduces the risk
of falling. Therefore, the development of programs that incorporate strength and balance training can be an
important strategy in the prevention of falls.

In this study, STS and TUG tests confirmed that lower limb muscle strength and balance improved after training in
a fall prevention exercise program. There are many factors that affect the balance of the body, but lower limb strength
is one of the most important factor. Lower limb muscle strength decreases by 1~2% every year with age, and compared
to middle-aged adults, older adults have lower lower limb muscle strength and impaired balance. A study by Ryushi
T found that improving lower limb strength improved body balance and reduced the risk of falling. In addition,
other studies have demonstrated the effectiveness of simultaneous training in improving strength and balance. In
light of this, it is shown that the fall prevention exercise program using XR in this study contributed to improving
balance indicators by training lower limb strength and balance at the same time. It is closely related to the exercise
of the flexors, extensors, abductors, and adductors of the hip joint, and the improvement of the muscle strength of
the hip, knee, and ankle joints plays an important role in independent walking and balance recovery. Therefore, the
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XR-based strength and balance integration training used in this study will substantially help improve balance.

The K-MOCA was used to assess the cognitive performance of the subjects, and both performance scores were found
to increase after training. These results support the hypothesis that an XR-assisted fall prevention exercise program
improved cognitive performance. Previous research has shown that XR training through virtual reality improves
memory and attention function in older adults. This is consistent with previous research on the pathology of
Alzheimer's disease, which found that exercise helps delay cognitive decline and improve cognitive performance in
older adults. Similarly, physical activity in older adults has been reported to improve cognitive function and lower
the risk of dementia. Taken together, these results show that the results of the fall prevention program using XR for
4 weeks helped to improve the participants' muscle strength as well as motor cognition.

It is worth noting that there was no significant difference between the two groups in the results of TMT. This
indicates that XR training had no direct effect on reflex speed or reaction time. Training in an XR environment had
a positive effect on judgment and balance, but suggests that there may be a more complex factor at play in the case
of reflexes. In particular, in TMT, greater improvements were observed in the VIG group than in the XRG group in
assessing visual attention and reflexes on task switching. Successful TMT requires a variety of cognitive skills,
including letter and number recognition, mental flexibility, visual scanning, and motor skills, and the impact of these
factors on training effects needs to be analyzed in more depth in future studies.

While wearing XR may increase engagement, the XR paradigm has the potential to cause cybersickness, which may
affect these outcomes. Cybersickness occurs as a response to exposure to XR, and a study by Nalivaiko et al. found a
moderate correlation between reaction times (r=0.5; P=.006). Therefore, if participants experience cybersickness,
there are concerns that the potential benefits and ecological validity of XR may be compromised. While XR
technology offers several key advantages over traditional work, these systems can cause side effects such as
cybersickness. In Rebecca Kirkham's study, only 21% of participants included an assessment of cybersickness, and
this study shows a similar situation. This suggests that even if XR training is effective, we need to find ways to
minimise side effects and maintain experiment comfort. In addition, there is a tendency to increase eye strain when
wearing XR. The main physiological indicator of eye strain is a decrease in the blinking rate, which Yan et al. (2008)
found can be quantitatively measured. A study by Richard W. Marklin, Jr. also found that wearing XR devices can
increase the risk of eye strain, and that the blinking rate was reduced by 8 to 11 beats per minute in two tasks during
the experiment. This reduction suggests that if the experimenter uses the device for a long time without adequate
rest, it may cause eye strain. In particular, there are studies on the possible side effects of wearing XR for 30 minutes.
Keshavarz et al. (2015) reported that 30 minutes of XR use may cause cybersickness and eye strain in participants,
and they used a variety of assessment tools to measure each side effect. This study highlights the effects of prolonged
use in a VR environment on physiological responses. In conclusion, this study shows the effectiveness and potential
of XR training, but there needs to be sufficient consideration of side effects such as cybersickness and eye strain.
Future research needs to explore ways to address these issues and discuss ways to improve XR training. This will
further increase the likelihood that XR-based programs can contribute to fall prevention and rehabilitation in the
elderly and other vulnerable groups.

This study showed that the effects of training, focusing on improvements in balance, muscle strength, and cognitive
function, persisted for 4 weeks after rest after training, suggesting that the effects of the fall prevention exercise
program using XR were integrated into daily life. As the subjects improved their balance and strength, they were
more likely to continue exercising more than before. These results are consistent with previous studies on the effects
of video game training in older adults, indicating that exercise effects persist after training. In recent years, there has
been a growing interest in sarcopenia, a condition in which muscle performance and function decline with age, which
is a major factor in cognitive impairment and increased risk of falls. Therefore, the results of this study suggest that
training of a fall prevention exercise program with XR may have a positive effect on muscle strength, balance, and
cognitive ability in patients with sarcopenia, and highlights the need for further research in these patients.

In addition, this study investigated XR-based balance training and strength improvement training programs. One
prior study confirmed the efficacy of a balance training programme using Nintendo Wii Fit Plus and reported that
most participants felt more enjoyable and motivated by the programme than with the regular intervention
programme. In this study, the participants showed high participation through the fall prevention exercise programme
using XR, and none of them showed boredom. This means that the participants were satisfied and motivated
throughout the training sessions for strength and balance with XR.
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Previous studies of XR rehabilitation devices have reported positive effects on cognitive function, balance, and
muscle strength. In one study, XR dual-task training effectively improved concentration, memory, and balance by
improving cognition and balance, but there was a relative lack of research on muscle strength. So far, few studies
have been conducted to simultaneously improve balance, strength, and cognitive function through a single
intervention program. Traditional exercise programmes and equipment usually focus on only one or two of these
functions. However, the XR-based strength and balance integration training program used in this study was able to
improve these three factors simultaneously. In addition, by conducting a multifaceted assessment of each factor using
various scales, it was possible to quantitatively measure the improvement of cognitive ability, muscle strength,
balance, and the persistence of exercise effects, which can be seen as an important feature of this study compared to
the previous study.

The findings of this study are noteworthy in that the XR-based fall prevention training program demonstrates effects
comparable to those of physical therapists. Through XR training, the participants exhibited significant improvements
in muscle strength, balance, and cognitive function, mirroring the positive outcomes typically expected from physical
therapist interventions. These results suggest that XR technology has the potential to complement or even replace
traditional physical therapy methods. Notably, training in an XR environment provides participants with a sense of
immersion and enhances motivation, which can contribute to sustained engagement—a critical factor in physical
therapy. Numerous studies have also demonstrated that XR training effectively enhances balance control and
judgment by simultaneously providing physical stability and cognitive stimulation. The immersive experience of XR
training enhances user concentration, thereby maximizing the effectiveness of the training.

The various assessment methods employed in this study, such as the K-MOCA, STS, and TUG tests, indicate that
XR training can establish itself as an effective intervention comparable to physical therapy. Particularly, the TUG test
serves as a crucial indicator in fall risk assessment, and the positive changes observed in this metric through XR
training underscore its effectiveness. XR training, particularly for the elderly, holds significant potential as an
approach to simultaneously enhance physical and cognitive functions, complementing the role of physical therapists.
Consequently, this study supports the assertion that XR-based training programs can produce effects similar to those
of physical therapists or even replace them. The advancement and broader application of XR technology are expected
to make significant contributions to fall prevention and rehabilitation in the future. The advancement of these
technologies is expected to contribute significantly to the health and quality of life of the elderly population

This study has several limitations. Firstly, the lack of significant differences in the TMT results for reflex assessment
makes it challenging to clearly determine the impact of XR training on specific aspects of reflexes. Future research
should conduct a more detailed analysis of the specific components that constitute reflexes. secondly, the study did
not sufficiently address strategies to minimize potential side effects of XR training, particularly cyber sickness and
eye fatigue. These side effects can undermine the practicality and effectiveness of XR technology and are crucial for
maintaining the comfort of participants. Therefore, future research should explore methods to minimize the side
effects of XR training and create a comfortable environment that allows participants to engage in prolonged training
sessions.

5. Conclusion

This study aims to evaluate the impact of an Extended Reality (XR)-based fall prevention training program on adults’
reflexes, judgment, and balance control abilities. The results are as follows. Firstly, both groups showed significant
improvements in balance control and cognitive abilities. Secondly, there were no significant differences between the
two groups in reflex assessment, suggesting that XR training may have limitations in immediately improving reflexes.
Consequently, the XR training program has the potential to complement or even replace the role of physical
therapists. This study demonstrates the potential of XR technology and provides foundational data for introducing a
new paradigm in fall prevention training. Given that the XR training program demonstrates effects comparable to
those of physical therapists, future research and practical applications should further explore its potential.
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