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Abstract

Background: One of the main contemporary forms of physical activity (PA) involves exercises and games in an immersive
virtual reality (VR) environment, which allows the user to practice various forms of PA in a small space. Unfortunately, most
of the currently available VR games and workout applications are mostly based on upper body movements, especially the
arms, which do not guarantee sufficiently high exercise intensity and health benefits. Therefore, it is worth seeking solutions to
help increase the exercise load during PA in VR.

Objective: The main aim of this study was to evaluate the effect of elastic arm resistance in the form of latex resistance
bands of different elasticity levels on the intensity of students’ PA while playing the BoxVR game. We further assessed the
satisfaction of this form of exercise and its associations with PA intensity.

Methods: A total of 21 healthy and physically fit men (mean age 22.5, SD 2.0 years) were included in the study. The tests
consisted of 3 10-minute games. One game was run with no load and the other two were run with 1.5-meter latex resistance
bands (low and high resistance). The order of the tests was randomized and the participants rested for 20 minutes after each
exercise. Exercise intensity was estimated using objective (heart rate monitoring) and subjective (Borg scale) methods. The
Physical Activity Enjoyment Scale was used to assess satisfaction with the PA. The effect of elastic resistance on exercise
intensity and user enjoyment was estimated using ANOVA for repeated measures.

Results: The ANOVA results indicated that incorporation of elastic resistance caused a significant change (F7 40=20.235,
P<.001; n?p=0.503) in the intensity of PA in VR, which was low while playing without resistance and then increased to a
moderate level with additional resistance. The use of elastic bands also changed participants’ perceptions of the enjoyment of
exercise in VR (F2 49=9.259, P<.001; n?p=0.316). The students rated their satisfaction with PA in VR on a 7-point scale highly
and similarly when exercising without an upper limb load (mean 6.19, SD 0.61) and with slight elastic resistance (mean 6.17,
SD 0.66), whereas their satisfaction declined significantly (mean 5.66, SD 0.94) when incorporating a higher load.

Conclusions: The intensity of PA among students playing the BoxVR game is at a relatively low level. With the added
resistance of elastic bands attached to the upper limbs, the intensity of the exercise increased to a moderate level, as
recommended for obtaining health benefits. Participants rated the enjoyment of PA in VR highly. The use of slight elastic
resistance did not negatively affect satisfaction with the BoxVR game, although user satisfaction declined with a higher load.
Further research should be undertaken to increase the effectiveness of exercise in VR so that regular users can enjoy the health
benefits.
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Introduction

The past few years have seen a rapid development of
technologies related to immersive virtual reality (VR). With
immersive VR, the user is cut off from the visual and
auditory stimuli of the surrounding reality and instead
receives artificially produced images, sounds, and even tactile
sensations using information technology, which is finding
increasing applications in various areas of human life. In
particular, VR is increasingly used for physical activity (PA)
and in the development and diagnosis of physical fitness
parameters. VR applications are being developed to shape and
assess motor skills [1-5], research on motion analysis in VR is
now actively carried out [6,7], and active virtual reality games
(AVRGs) are becoming increasingly popular [8]. Feedback
from users indicates the attractiveness of AVRGs, making
them competitive with conventional forms of PA [9-11].
Some reports have also shown that VR can offer greater flow
for PA than a similar form of exercise in the real world
[12]. The great potential of AVRGs is also linked to the fact
that these types of applications enable practicing different
forms of exercise in a small space at home. However, one
of the main limitations of VR technology in the context of
its use for PA is that most of the exercises performed in
the virtual environment are primarily based on movements
of the upper body as the sensors placed in the VR headsets
allow for tracking movements of the head and possibly the
torso, while the movement sensors located in the controllers
allow for tracking arm movements. Although some trainers
currently work with VR headsets, such as virtual treadmills,
flight simulators, and cycle ergometers, these are relatively
expensive and take up space in living areas. Since PA
performed in VR is mainly based on upper limb movements,
there is a concern that this type of exercise may be charac-
terized by relatively low intensity. Consequently, physical
efforts practiced in a virtual environment may not be effective
in terms of potential health benefits. According to World
Health Organization (WHO) recommendations, PA should
be characterized by moderate to high intensity to obtain
health benefits [13]. Therefore, solutions should be sought
to increase the body’s workload when practicing PA in VR.

The first related studies are already being carried out. One
of the proposals to increase the intensity of physical exercise
in VR is to use an additional load in the form of handheld
weights (HHWs). Based on the experiments carried out to
date, this type of solution can be effective [10]. An alter-
native solution to Velcro-fastened weights could be elastic
resistance in the form of rubber bands attached to the distal
parts of the upper limbs. Indeed, resistance bands have been
widely used in fitness classes and various sports to improve
the effectiveness of training [14-17]. Such a solution may
be used provided there is effective stretching of the elas-
tic bands during arm movements in VR. Applications that
meet this condition include the popular AVRGs based on
boxing techniques. With appropriately fastened straps, boxing
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movements can be performed with elastic resistance, which
should potentially increase the intensity of this type of PA.
However, the specific amount of resistance that should be
applied to increase the effectiveness of the exercise while
not causing discomfort due to the excessive load remains
unclear, as this could negatively affect the attractiveness of
PA perceived by users.

Therefore, the main aim of this study was to evaluate the
effect of elastic resistance in the form of latex resistance
bands with different elastic properties on exercise intensity
in young and physically fit adults while playing the popular
AVRG game BoxVR [18]. The results obtained were related
to the WHO health recommendations for PA. This study
further assessed the attractiveness of such a form of exercise
and the relationships between the use of elastic resistance
and user satisfaction. It was hypothesized that the use of
resistance bands would significantly increase the participants’
exercise intensity and would not significantly affect their
assessment of satisfaction with playing the AVRG.

Methods

Participants

The study involved 21 healthy and physically fit men
studying at the Academy of Physical Education in Katowice,
Poland (mean age 22.5, SD 2.0 years; mean body height
181.6, SD 7.3 centimeters; mean body weight 79.5, SD
11.0 kilograms). People with motion sickness, sensitivity to
flashing lights, epileptic seizures, and balance disorders were
excluded from the study. The research was carried out at the
Jerzy Kukuczka Academy of Physical Education in Katowice,
Poland, at a certified Laboratory of Research on Pro-Health
Physical Activity (PN-EN ISO 9001:2015, certificate validity:
7.12.2021-16.12.2024).

Ethical Considerations

The study was conducted according to the guidelines of the
Declaration of Helsinki, and was reviewed and approved
by the Research Ethics Committee of the Jerzy Kukuczka
Academy of Physical Education in Katowice (protocols:
9/2018; KB/27/2022). All participants took part in the study
voluntarily and could discontinue their participation at any
time. All participants were familiarized in detail with the
purpose of the study, safety rules, the use of the VR equip-
ment, and the course of the study. In addition, a written
informed consent form was provided to all eligible study
participants. The test results were secured in accordance with
the security procedures in force at the Laboratory of Research
on Pro-Health Physical Activity.

Research Tools and Procedures

An HTC Vive (HTC Corporation, New Taipei, Taiwan) kit
was used for immersive VR, consisting of a headset, two
base stations, two controllers, and a computer. The HTC
Vive set is one of the popular VR systems on the market,
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which is characterized by high visual quality and allows for
realistic VR experiences. This system was selected for this
research since the motion-tracking system in HTC Vive is
very precise and accurate, which allows the user to move
smoothly and naturally in the virtual environment. Owing to
a set of sensors and controllers, users can freely explore the
virtual world. The BoxVR application was used with several
training programs of varying difficulty. These programs
involve boxing routines combined with music, reminiscent of
shadow boxing. The game is based on basic boxing punches
(ie, straight, hook, and undercut), which are performed on
virtual objects coming from the depths of the room to the
rhythm of the music in various combinations. There are also
shapes the user has to avoid or block. The user hits targets
with their hands, which they perceive in the virtual environ-
ment as boxing gloves in two colors: blue (left hand) and pink
(right hand). An illustration of the playing environment is
provided in Figure 1. To obtain a high score in the game, the
user has to execute the punches correctly and hit the targets
moving toward them that correspond to the appropriate glove
color. The user scores points for every correct response. In
the case of a series of several or more accurate hits, the score
is further multiplied by an appropriate multiplier. Information
on the number of points scored and the duration of the game
is displayed on virtual screens in front of the user.

The systsem has a panel that allows the user to select game
modes with different durations, levels of difficulty, and nature
of exercise. For the purposes of the study, mode “seventeen”
was selected lasting 10 minutes, set at medium difficulty
and with the no squat option. This mode was considered to
be optimal for physically fit young adults. The squat option
was disabled because the aim of the study was to assess the
impact of the elastic resistance of the arms on the intensity of
physical exercise; therefore, additional lower limb exercises
would be a factor that could complicate the interpretation of
the study results. It should be noted that many active video
games (AVGs) are based solely on arm and torso movements.
Before the study, participants were familiarized with the use
of the application and took part in a short (2-minute) no-load
trial.

The tests consisted of 3 10-minute games. One game was
run with no load and the other two were run with 1.5-
meter latex resistance bands, including green (low resistance)
and silver (high resistance) bands. The elasticity characteris-
tics of the resistance bands provided by the manufacturer
(Thera-Band) are presented in Table 1. The bands were
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attached to the ground on one side and to tactical gloves
(M-Tac) on the other. When starting the exercise with
the bands, users held their hands in a guard position and
were positioned at an appropriate distance from the point
of attachment ensuring that the bands were taut but not
stretched. When the punches were performed, the bands
stretched, causing resistance (Figure 2). The order of the tests
was randomized, and the participant rested for 20 minutes
after each exercise before starting the next game.

While playing the VR game, participants’ heart rates
were monitored using a Vantage V heart rate monitor
(Polar Electro Oy, Kempele, Finland) coupled with a chest
strap (Polar H10). Based on the average exercise heart rate
(HR,ve), the PA intensity was estimated as the average
percentage of maximum heart rate (% HR,x). The HRyax
value was first estimated from the formula 208 — 0.7 x
age (years) [19]. The results obtained were compared to
the PA intensity standards recommended by the American
College of Sports Medicine [20]. According to this clas-
sification, it is assumed that during low-intensity exerci-
ses, HRyye<64% of HRy,ax, high-intensity PA occurs when
HR,e=77% of HRpax, and moderate exercise is defined in
the condition of HR,=64% of HR,,x with less than 77% of
HR 2. Furthermore, the average absolute duration of PA (in
seconds) was estimated for the following exercise intensity
zones: 0, less than 50% HRpyax; 1, 50%-59% HRyax: 2,
60%-69% HR ,x; 3, 70%-79% HR ,x; 4, 80%-89% HR ax;
and 5, 290% HR,,;x. These intensity zones were selected
because they are used to report the results in the software of
the heart rate monitor (Vantage V) used in the study.

At the end of each test, the participants also self-assessed
their perceived exertion using the Borg Rating of Perceived
Exertion (RPE), which ranges from 6 to 20 [21,22]. Accord-
ing to this scale, a score of 10-11 indicates low-inten-
sity exercise, a score of 12-13 indicates moderate-intensity
exercise, and a score of 14-16 indicates high-intensity
exercise [23]. The RPE scores were compared with the
objective measurements to determine the correlation of PA
intensity with the subjective perceptions of the participants.

Subsequently, the participants assessed their satisfaction
with PA in VR using the long version of the Physical
Activity Enjoyment Scale (PACES), consisting of 18 items
[24], which were answered after each test on a 7-point Likert
scale. The average calculated from all responses was used for
analysis.
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Figure 1. Screenshot showing a view of the BoxVR game environment from the user’s perspective.

Table 1. Specifications of the elastic bands (Thera-Band) used during testing.

Stretch, % Resistance, kilograms
Green band Silver band

25 09 23
50 15 39
75 19 50
100 23 6.0
125 2.6 6.9
150 30 7.8
175 33 8.6
200 3.6 95
225 40 10.5
250 44 11.5

Figure 2. A participant during a resistance exercise with the green band.

Statistical Analysis

Basic descriptive statistics (arithmetic means and SDs) were
calculated. The Shapiro-Wilk test was used to assess whether
the data followed a normal distribution, whereas sphericity
was assessed using the Mauchley test. The effect of elastic
resistance on exercise intensity was estimated using ANOVA
for repeated measures or Friedman ANOVA, depending on
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the distribution of the data. The repeated-measures ANOVA
was supplemented with Tukey posthoc tests, whereas
Friedman ANOVA was followed by the Dunn posthoc test.
The level of statistical significance was set at a=.05. The
effect size was estimated using 1?p or the Kendall coeffi-
cient (W). The Spearman rank correlation coefficient (rg)
was used as a measure of the relationship between objective
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and subjective intensity measures. Statistical analyses were
performed using Statistica v.13 (TIBCO Software Inc) and
Jamovi v. 2.2.3.0 software.

Results

Exercise Intensity in VR Without
Upper Limb Loading and With Elastic
Resistance

Repeated-measures ANOVA showed that elastic resist-
ance significantly affected the participants’ heart rate
(F240=20.151, P<.001; n?p=0.503). When playing without
external resistance, the heart rate was the lowest, with a mean
of 117.33 (SD 21.21) beats per minute (bpm). The heart rate
increased to a mean of 124.43 (SD 20.62) bpm during play
with the green elastic band and increased further to a mean
of 13490 (SD 20.33) bpm during exercise with the silver
band. Posthoc tests showed statistically significant differences
between the results of all measurements taken according to
the level of resistance applied (Figure 3).

Elastic resistance also resulted in a significant change
(F240=20.235, P<.001; n?p=0.503) in exercise intensity as
expressed by the mean %HR;,;x. While playing without
resistance, the intensity of physical effort was low, with
a mean %HR,x of 61.27% (SD 11.21%). With elastic
resistance, physical effort (%HR,x) increased to a moderate
level, as recommended for health benefits, for both the green
(mean 64.97%, SD 10.86%) and silver (mean 70.43%, SD
10.68%) bands. Posthoc tests revealed statistically signifi-
cant differences between the results of all tests according to
varying levels of resistance (Figure 4).

Polechonski et al

Under conditions of no external load, the participants’
heart rates lasted the longest in zone 1 (50%-59% of HR4x),
whereas in both cases of exercise with elastic bands, the
heart rates remained in zone 2 (60%-69% of HR,ax). The
Friedman ANOVA showed significant variation in results
for zones: 0 (X22=14.711, P<.001; W=0.350), 3 (X22=8.954,
P=01; W=0213), and 5 (¥*=9.333, P=.009; W=0.222).
No significant effect of arm loading on PA intensity was
found for the other zones: 1 (x22=3.610; P=.17;, W=0.086 ),
2 (¥%=2913; P=233; W=0.052), and 4 (3%=3.360; P=.19;
W=0.080) (Figure 5).

We further analyzed the exertion perceived by the
users after each test based on the RPE scale (6-20). Fried-
man ANOVA demonstrated that elastic resistance loading
significantly (y%=36.861, P<.001; W=0.878) altered users’
perceptions of exertion. The lowest fatigue was declared
by those exercising without additional load. The exercise
intensity in this case was rated a mean of 11.19 (SD 2.54)
points. In contrast, significantly more exertion was reported
for PA with elastic resistance. The mean scores for the
intensity of exercise were 13.67 (SD 2.15) for the green band
and 16.62 (SD 1.72) for the silver band. Posthoc tests for
the pairwise comparisons of the results revealed statistically
significant differences (Figure 6).

Spearman correlation analysis between subjective and
objective measures of exercise intensity showed a statistically
significant positive relationship between intensity evaluated
based on %HR,,x and the Borg RPE scale (6-20) for PA in
VR without load (rg=0.504, P=.02) and with green elas-
tic band resistance (rg=0.45, P=.04). No significant correla-
tion was found for physical exercise with the silver band
(rs=0.356, P=.11).

Figure 3. Average heart rate while playing BoxVR depending on upper limb load. bpm: beats per minute; HR,ye: average heart rate.
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Figure 4. Intensity of physical exercise while playing BoxVR depending on upper limb load. % HR,ax: percentage of maximum heart rate.
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Figure 5. Average time spent in different heart rate zones by participants depending on upper limb load while playing BoxVR; HR ;5 maximum
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Satisfaction of Study Participants With
Exercise in VR

The ANOVA of the PACES questionnaire results showed
that additional elastic resistance significantly (F2 40=9.259,
P<.001; n?p=0.316) influenced participants’ perceptions of
the attractiveness of exercise in VR. Study participants rated
their satisfaction with PA in VR very similarly and highly
for exercise without an upper limb load (mean 6.19, SD 0.61
points) and with elastic resistance in the form of a green band
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(mean 6.17, SD 0.66 points). The differences between these
scores were minimal and statistically insignificant. Study
participants were by far the least satisfied with PA in VR
with the silver band (mean 5.66, SD 0.94 points). Therefore,
statistically significant differences were found between the
results of the assessment of exercises without additional
resistance and with the silver band (P<.001) and between
the assessment of exercises with the green and silver bands
(P=.002) (Figure 7).
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Figure 7. Satisfaction of participants with physical activity in virtual reality versus upper limb load. PACES: Physical Activity Enjoyment Scale.
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Discussion

Principal Findings

This study found that the use of elastic bands while play-
ing the AVRG BoxVR had a significant effect on exercise
intensity, as shown by objective measurements and mani-
fested by an increase in the heart rate. Furthermore, PA
accompanying boxing exercises in VR, which was classi-
fied as low-intensity exercise, became moderately intense
with additional resistance, and therefore became an exercise
program that is considered beneficial for health according
to WHO recommendations [13]. The heart rates remained
in the high zones for a longer period of time during the
resistance band exercises. Therefore, this type of shoulder
loading during PA in VR appears to be an effective solution
for increasing the intensity of physical exercise based on arm
work.

The method presented in our study to increase PA intensity
in VR by using resistance bands represents a novel solution.
To date, weights attached to the distal part of the limbs have
been used for this purpose. A recent study showed that the
use of 0.5-kilogram Velcro-fastened HHWSs placed on the
wrists increased the intensity of PA in VR [10]. The authors
found that under such upper limb loading, the PA intensity
while playing the popular AVRG Beat Saber increased from
low to moderate, thus becoming a healthy exercise. Simi-
lar studies were carried out using 2-kilogram ankle weights
while playing an AVRG based on locomotor movements
and practiced on an Omni omnidirectional treadmill (Virtuix)
[11]. In this case, the additional load on the lower limbs
was found to significantly increase physical exertion during
virtual active entertainment. Recently, manufacturers of VR
accessories have begun to view additional limb loading as
a way to improve the effectiveness of exercise in a virtual
environment. More recently, special controller overlays in
the form of small discs have been offered for sale for users
of the Oculus Quest 2 headset, which, when placed on the
controllers, cause an increase in their weight to increase the
intensity of exercise while using the application. As the use of
resistance bands promotes increased PA intensity in arm-
based VR, the use of elastic resistance offers an alternative
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to HHW or controller-mounted weights. However, there is
currently a lack of such dedicated solutions for VR users.

The effect of elastic arm resistance on the intensity
of physical exertion of users while playing BoxVR was
also evidenced by the participant-reported RPE scores,
which increased significantly after the use of elastic bands.
Comparison of RPE reported by the participants with the
objective classification of PA intensity [23] revealed that
the students rated the PA without external loading as light
and that with the green elastic band as moderate, which
was similar to the objective assessment based on the heart
rate monitor. In contrast, physical exercise performed with
the silver band was rated as vigorous by the participants,
indicating that the students overestimated its intensity in
relation to objective measurements. This overestimation may
be confirmed by the correlation analysis between subjec-
tive and objective measures of exercise intensity, show-
ing a statistically significant relationship between RPE and
%HR,ax for PA in VR without a load and with the green
elastic band resistance, while no significant relationship was
found for exercise with the silver band. The exaggerated
level of the subjective rating of PA during exercise in VR
is somewhat puzzling, as previous studies have demonstra-
ted that being in a VR environment reduces the intensity
of perception of various stimuli (eg, pain) because VR, by
stimulating different senses, distracts the immersed person
from the problem [25-28]. During exercise in VR, this
phenomenon, known as cognitive distraction, can alleviate the
discomfort associated with hard training. The few studies on
this topic published to date suggest that VR may be useful
in distracting from unpleasant bodily sensations occurring
during aerobic PA in children with overweight and obesity
[9] and in reducing negative sensations associated with the
performance of isometric exercises [29].

According to the PACES survey, study participants highly
rated their satisfaction with PA in a virtual environment while
playing BoxVR. Scores exceeded 6 on a 7-point scale for
two measurements. Although the ANOVA of the PACES
questionnaire results revealed that additional elastic resist-
ance significantly affects the participants’ perceptions of the
attractiveness of exercise in VR, study participants rated their
satisfaction with PA in VR very similarly for exercise without
upper limb loading and with green resistance bands; the
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differences found were minimal and statistically insignificant.
This may indicate that the low external load on the arms does
not bother users and does not cause discomfort that could
reduce the enjoyment of the exercises performed in VR. This
was also confirmed by the aforementioned studies using a
0.5-kilogram HHW and a 2-kilogram ankle weight [10,11].
However, our results suggest that as the elastic external load
on the arms increases, there may be a reduction in user
satisfaction with PA in VR. Participants in this study were the
least satisfied with playing BoxVR while having to overcome
the resistance of the silver band, although a score of 5.66
still seems to be relatively high. The attractiveness of PA in
VR has also been assessed in other contexts [10-12,30-36],
and most of these studies have indicated a high level of
user satisfaction with such exercises. Because those studies
assessed other forms of PA or the attractiveness of physical
exercise was measured with different tools, it is difficult to
compare their results with those obtained in our study. Due
to the rapid development of AVRGs and training applications
used in a virtual environment, further research is warranted to
identify the determinants of satisfaction of people participat-
ing in PA in VR. This will help guide the further develop-
ment of this new form of exercise. Notably, satisfaction is
an important motivation for undertaking regular healthy PA,
and how people feel when they exercise determines their
future training engagement [37]. Therefore, identifying user
preferences for different forms of PA in VR can increase the
likelihood of the regular active use of modern technology,
which should translate into health benefits.

Limitations and Prospects

Despite these promising results, the solution we have
presented has some limitations. Namely, for the user to
perform the exercise with the resistance band attached to
the ground, they must be looking forward and cannot move
freely. Consequently, the use of such a solution is only
possible for certain AVRGs. However, there is a way to
address this limitation. There are wearable resistance band
(WRB) systems (eg, WearBands or MASS Suit), using
specially designed belts, socks, gloves, and other items of
clothing to anchor elastic resistance bands connecting two or
more body segments. WRB training is a new entry to the field
of resistance training. With WRBs, the exerciser can move
freely while performing movements with elastic resistance

Polechonski et al

[38]. Despite the lack of research on exercise with WRB, it
appears that this type of training system may be useful for
increasing the intensity and effectiveness of exercise in VR.
Testing this assumption may provide objectives for further
empirical research. Currently, elastic resistance is being used
in AVGs in nonimmersive VR. An example is the original
pointing device created by Nintendo called Ring Fit, which
works with the Ring Fit Adventure app. This is an elastic
ring that can be squeezed, stretched, and moved in space,
which enable controlling the movements of the virtual avatar.
The few studies conducted to date have shown that Ring Fit
exercises have a beneficial effect on students’ physical fitness
[39], reduce lower back pain in adults [40], improve balance
in older people [41], and may be a useful form of PA for
children with overweight and obesity by increasing their daily
energy expenditure [42].

Conclusions

The intensity of PA among students playing the BoxVR game
is at a relatively low level. With the added resistance of
elastic bands attached to the upper limbs of the participants,
the intensity of the exercise increased to a moderate level,
as recommended for obtaining health benefits. Participants
in this study highly rated the attractiveness of PA in VR.
The use of slight elastic resistance did not negatively affect
the satisfaction of study participants with the BoxVR game,
although the satisfaction declined with a higher load.

Due to the rapid development of VR, the great popularity
of games and training programs in a virtual environment,
and their attractiveness to users, it is expected that more and
more people will enjoy active entertainment in VR. There-
fore, research should be undertaken to assess user preferences
and seek solutions to increase the usefulness and effective-
ness of this newly developed form of PA so that regular
users can improve their physical fitness and reap the health
benefits. Our study may provide guidance to VR equipment
manufacturers on how to make exercise more effective while
playing AVRGs based on upper limb movements. However,
the validity of the considerations outlined above should be
confirmed in further research using applications that allow
various forms of PA to be practiced in an immersive VR
environment.

Data Availability

The data sets generated during and/or analyzed during this study are available from the corresponding author on reasonable

request.

Conflicts of Interest
None declared.

References

1. Langer A, Polechonski J, Polechofiski P, Cholewa J. Ruler drop method in virtual reality as an accurate and reliable tool
for evaluation of reaction time of mixed martial artists. Sustainability. Jan 2023;15(1):648. [doi: 10.3390/su15010648]

2. Petri K, Emmermacher P, Danneberg M, et al. Training using virtual reality improves response behavior in karate

kumite. Sports Eng. Mar 2019;22(1):2. [doi: 10.1007/s12283-019-0299-0]

https://games.jmir.org/2024/1/e58411

JMIR Serious Games 2024 | vol. 12 1e58411 1 p. 8
(page number not for citation purposes)


https://doi.org/10.3390/su15010648
https://doi.org/10.1007/s12283-019-0299-0
https://games.jmir.org/2024/1/e58411

JMIR SERIOUS GAMES Polechoniski et al

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.
21.
22.

23.

Polechonski J, Langer A. Assessment of the relevance and reliability of reaction time tests performed in immersive
virtual reality by mixed martial arts fighters. Sensors. Jun 24, 2022;22(13):35808260. [doi: 10.3390/522134762]
[Medline: 35808260]

Qian J, McDonough DJ, Gao Z. The effectiveness of virtual reality exercise on individual’s physiological, psychological
and rehabilitative outcomes: a systematic review. Int J Environ Res Public Health. Jun 10,2020;17(11):4133. [doi: 10.
3390/ijerph17114133] [Medline: 32531906]

Todorov K, Manolova A, Chervendinev G. Immersion in virtual reality video games for improving physical performance
measures: a review. Presented at: 27th National Conference with International Participation (TELECOM); Oct 30 to 31,
2019; Sofia, Bulgaria. [doi: 10.1109/TELECOM48729.2019.8994884]

Jochymczyk-Wozniak K, Nowakowska K, Polechofiski J, Stadczyk S, Michnik R. Physiological gait versus gait in VR
on multidirectional treadmill-comparative analysis. Medicina. Aug 22, 2019;55(9):517. [doi: 10.3390/
medicina55090517] [Medline: 31443382]

Wodarski P, Jurkojé J, Bieniek A, et al. The analysis of the influence of virtual reality on parameters of gait on a
treadmill according to adjusted and non-adjusted pace of the visual scenery. In: Pietka E, Badura P, Kawa J, Wieclawek
W, editors. Information Technology in Biomedicine ITIB 2019. Advances in Intelligent Systems and Computing, Vol
1011.2019:543-553. [doi: 10.1007/978-3-030-23762-2 48]

Lu AS, Pelarski V, Alon D, et al. The effect of narrative element incorporation on physical activity and game experience
in active and sedentary virtual reality games. Virtual Real. Jan 31, 2023;27:1607-1622. [doi: 10.1007/s10055-023-00754-
7] [Medline: 36742343]

Bafios RM, Escobar P, Cebolla A, et al. Using virtual reality to distract overweight children from bodily sensations
during exercise. Cyberpsychol Behav Soc Netw. Feb 2016;19(2):115-119. [doi: 10.1089/cyber.2015.0283] [Medline:
26882326]

Polechonski J, Zwierzchowska A, Makiota L., Groffik D, Kostorz K. Handheld weights as an effective and comfortable
way to increase exercise intensity of physical activity in virtual reality: empirical study. JMIR Serious Games. Nov 23,
2022;10(4):39932. [doi: 10.2196/39932] [Medline: 36416873]

Polechoniski J, Kostorz K, Polechonski P. Using ankle weights as an effective way to increase the intensity of physical
activity while playing immersive virtual reality games on an omnidirectional treadmill. J Multidiscip Appl Nat Sci. Jan
2023;13(20):11536. [doi: 10.3390/app132011536]

Polechonski J, Szczechowicz B, Ry$nik J, Tomik R. Recreational cycling provides greater satisfaction and flow in an
immersive virtual environment than in real life. BMC Sports Sci Med Rehabil. Jan 30, 2024;16(1):31. [doi: 10.1186/
s13102-024-00818-4] [Medline: 38291484]

More Physical Activity (RUN) WHO Team. WHO guidelines on physical activity and sedentary behaviour. World
Health Organization. 2020. URL: https://www.who.int/publications/i/item/9789240015128 [Accessed 2024-07-04]

Ilahi BR, Okilanda A, Raibowo S, et al. The effect of resistance bands rubber spring exercise on the front kick speed of
adolescent Pencak Silat women. Int J Hum Mov Sports Sci. Apr 2023;11(2):418-423. [doi: 10.13189/saj.2023.110219]
Narita Devi S, Fauzi F, Sukamti ER, et al. The effect of 8 weeks of training with resistance band on limb power of
Taekwondo athletes. Int J Multidiscip Res Anal. Dec 24,2022;05(12). [doi: 10.47191/ijmra/v5-i12-27]

Novak D, Loncar I, Sinkovic F, Barbaros P, Milanovic L. Effects of plyometric training with resistance bands on
neuromuscular characteristics in junior tennis players. Int J Environ Res Public Health. Jan 7,2023;20(2):1085. [doi: 10.
3390/ijerph20021085] [Medline: 36673841]

Wangi SP, Tomoliyus T, Prayoga HD, Wijayanti NPN, Prabowo TA. The effect of 8 weeks of punch resistance band and
dumbbell training on the arm power of ‘youth’ male boxers. Int J Phys Educ Sports Health. Sep 1,2023;10(5):299-304.
[doi: 10.22271/kheljournal.2023.v10.i5¢.3120]

BoxVR. STEAM. URL.: https://store.steampowered.com/app/641960/BOXVR/ [Accessed 2024-07-08]

Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate revisited. ] Am Coll Cardiol. Jan
2001;37(1):153-156. [doi: 10.1016/S0735-1097(00)01054-8] [Medline: 11153730]

Riebe D, Ehrman JK, Liguori G, Magal M. ACSM’S Guidelines for Exercise Testing and Prescription. Wolters Kluwer;
2018.ISBN: 9781496339065

Borg G. Perceived exertion as an indicator of somatic stress. Scand J Rehabil Med. 1970;2(2):92-98. [Medline: 5523831]
Scherr J, Wolfarth B, Christle JW, Pressler A, Wagenpfeil S, Halle M. Associations between Borg’s rating of perceived
exertion and physiological measures of exercise intensity. Eur J Appl Physiol. Jan 2013;113(1):147-155. [doi: 10.1007/
s00421-012-2421-x] [Medline: 22615009]

Piepoli MF, Hoes AW, Agewall S, et al. 2016 European guidelines on cardiovascular disease prevention in clinical
practice. Atherosclerosis. Sep 2016;252:207-274. [doi: 10.1016/].atherosclerosis.2016.05.037] [Medline: 22615009]

https://games.jmir.org/2024/1/e58411 JMIR Serious Games 2024 | vol. 12 1e58411 1 p.9

(page number not for citation purposes)


https://doi.org/10.3390/s22134762
http://www.ncbi.nlm.nih.gov/pubmed/35808260
https://doi.org/10.3390/ijerph17114133
https://doi.org/10.3390/ijerph17114133
http://www.ncbi.nlm.nih.gov/pubmed/32531906
https://doi.org/10.1109/TELECOM48729.2019.8994884
https://doi.org/10.3390/medicina55090517
https://doi.org/10.3390/medicina55090517
http://www.ncbi.nlm.nih.gov/pubmed/31443382
https://doi.org/10.1007/978-3-030-23762-2_48
https://doi.org/10.1007/s10055-023-00754-7
https://doi.org/10.1007/s10055-023-00754-7
http://www.ncbi.nlm.nih.gov/pubmed/36742343
https://doi.org/10.1089/cyber.2015.0283
http://www.ncbi.nlm.nih.gov/pubmed/26882326
https://doi.org/10.2196/39932
http://www.ncbi.nlm.nih.gov/pubmed/36416873
https://doi.org/10.3390/app132011536
https://doi.org/10.1186/s13102-024-00818-4
https://doi.org/10.1186/s13102-024-00818-4
http://www.ncbi.nlm.nih.gov/pubmed/38291484
https://www.who.int/publications/i/item/9789240015128
https://doi.org/10.13189/saj.2023.110219
https://doi.org/10.47191/ijmra/v5-i12-27
https://doi.org/10.3390/ijerph20021085
https://doi.org/10.3390/ijerph20021085
http://www.ncbi.nlm.nih.gov/pubmed/36673841
https://doi.org/10.22271/kheljournal.2023.v10.i5e.3120
https://store.steampowered.com/app/641960/BOXVR/
https://doi.org/10.1016/S0735-1097(00)01054-8
http://www.ncbi.nlm.nih.gov/pubmed/11153730
http://www.ncbi.nlm.nih.gov/pubmed/5523831
https://doi.org/10.1007/s00421-012-2421-x
https://doi.org/10.1007/s00421-012-2421-x
http://www.ncbi.nlm.nih.gov/pubmed/22615009
https://doi.org/10.1016/j.atherosclerosis.2016.05.037
http://www.ncbi.nlm.nih.gov/pubmed/22615009
https://games.jmir.org/2024/1/e58411

JMIR SERIOUS GAMES Polechoniski et al

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mullen SP, Olson EA, Phillips SM, et al. Measuring enjoyment of physical activity in older adults: invariance of the
physical activity enjoyment scale (paces) across groups and time. Int J Behav Nutr Phys Act. Sep 27,2011;8:103. [doi:
10.1186/1479-5868-8-103] [Medline: 21951520]

Hoffman HG, Boe DA, Rombokas E, et al. Virtual reality hand therapy: a new tool for nonopioid analgesia for acute
procedural pain, hand rehabilitation, and VR embodiment therapy for phantom limb pain. J Hand Ther. Apr
2020;33(2):254-262. [doi: 10.1016/].jht.2020.04.001] [Medline: 32482376]

Jin W, Choo A, Gromala D, Shaw C, Squire P. A virtual reality game for chronic pain management: A randomized,
controlled clinical study. Stud Health Technol Inform. Jan 2016;220:154-160. [Medline: 27046570]

Jones T, Moore T, Choo J. The impact of virtual reality on chronic pain. PLoS One. Dec 2016;11(12):e0167523. [doi:
10.1371/journal.pone.0167523] [Medline: 27997539]

Tashjian VC, Mosadeghi S, Howard AR, et al. Virtual reality for management of pain in hospitalized patients: results of
a controlled trial. JMIR Ment Health. Mar 29, 2017;4(1):e9. [doi: 10.2196/mental.7387] [Medline: 2835624 1]
Matsangidou M, Ang CS, Mauger AR, Intarasirisawat J, Otkhmezuri B, Avraamides MN. Is your virtual self as
sensational as your real? Virtual reality: the effect of body consciousness on the experience of exercise sensations.
Psychol Sport Exerc. Mar 2019;41:218-224. [doi: 10.1016/j.psychsport.2018.07.004]

Feodoroff B, Konstantinidis I, Frobose I. Effects of full body exergaming in virtual reality on cardiovascular and
muscular parameters: cross-sectional experiment. JMIR Serious Games. Aug 28, 2019;7(3):e12324. [doi: 10.2196/
12324] [Medline: 31464194]

Gomez D, Browne JD, Almalouhi A, et al. Muscle activity during immersive virtual reality exergaming incorporating an
adaptive cable resistance system. Int J Exerc Sci. Jan 2022;15(7):261-275. [Medline: 36896022]

Hgeg ER, Bruun-Pedersen JR, Cheary S, et al. Buddy biking: a user study on social collaboration in a virtual reality
exergame for rehabilitation. Virtual Reality. Mar 2023;27(1):245-262. [doi: 10.1007/s10055-021-00544-z]

Jones L, Ekkekakis P. Affect and prefrontal hemodynamics during exercise under immersive audiovisual stimulation:
improving the experience of exercise for overweight adults. J Sport Health Sci. Jul 2019;8(4):325-338. [doi: 10.1016/].
jshs.2019.03.003] [Medline: 31333885]

McDonough DJ, Pope ZC, Zeng N, Liu W, Gao Z. Comparison of college students’ blood pressure, perceived exertion,
and psychosocial outcomes during virtual reality, exergaming, and traditional exercise: an exploratory study. Games
Health J. Aug 1, 2020;9(4):290-296. [doi: 10.1089/g4h.2019.0196]

Plante TG, Cage C, Clements S, Stover A. Psychological benefits of exercise paired with virtual reality: outdoor exercise
energizes whereas indoor virtual exercise relaxes. Int J Stress Manag. Feb 2006;13(1):108-117. [doi: 10.1037/1072-5245.
13.1.108]

Zeng N, Pope Z, Gao Z. Acute effect of virtual reality exercise bike games on college students’ physiological and
psychological outcomes. Cyberpsychol Behav Soc Netw. Jul 2017;20(7):453-457. [doi: 10.1089/cyber.2017.0042]
Williams DM, Dunsiger S, Ciccolo JT, Lewis BA, Albrecht AE, Marcus BH. Acute affective response to a moderate-
intensity exercise stimulus predicts physical activity participation 6 and 12 months later. Psychol Sport Exerc. May
2008;9(3):231-245. [doi: 10.1016/j.psychsport.2007.04.002] [Medline: 18496608]

Shavelson D. Resistance training (RT): a meta-analysis of the existing EBM. EC Orthop. Feb 2018;9:434-457. URL:
https://ecronicon.net/assets/ecor/pdf/ECOR-09-00320.pdf [Accessed 2024-07-04]

Wu YS, Wang WY, Chan TC, et al. Effect of the Nintendo Ring Fit Adventure exergame on running completion time
and psychological factors among university students engaging in distance learning during the COVID-19 pandemic.
JMIR Serious Games. Mar 22, 2022;10(1):e35040. [doi: 10.2196/35040] [Medline: 35315780]

Sato T, Shimizu K, Shiko Y, et al. Effects of Nintendo Ring Fit Adventure exergame on pain and psychological factors
in patients with chronic low back pain. Games Health J. Jun 2021;10(3):158-164. [doi: 10.1089/g4h.2020.0180]
[Medline: 33891508]

Chan WLS, Chan CWL, Lam FMH, et al. Feasibility, safety, and effects of a Nintendo Ring Fit Adventure balance and
strengthening exercise program in community-dwelling older adults with a history of falls: a feasibility randomized
controlled trial. Geriatr Gerontol Int. Mar 2024;24 Suppl 1:334-341. [doi: 10.1111/ggi.14771] [Medline: 38088479]
Comeras-Chueca C, Villalba-Heredia L, Pérez-Llera M, et al. Assessment of active video games’ energy expenditure in

children with overweight and obesity and differences by gender. Int J Environ Res Public Health. Sep 15,
2020;17(18):32942663. [doi: 10.3390/ijerph17186714] [Medline: 32942663]

Abbreviations

% HR pax: percentage of maximal heart rate
AVG: active video game

AVRG: active virtual reality game

bpm: beats per minute

https://games.jmir.org/2024/1/e58411 JMIR Serious Games 2024 | vol. 12 | 58411 I p. 10

(page number not for citation purposes)


https://doi.org/10.1186/1479-5868-8-103
http://www.ncbi.nlm.nih.gov/pubmed/21951520
https://doi.org/10.1016/j.jht.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/32482376
http://www.ncbi.nlm.nih.gov/pubmed/27046570
https://doi.org/10.1371/journal.pone.0167523
http://www.ncbi.nlm.nih.gov/pubmed/27997539
https://doi.org/10.2196/mental.7387
http://www.ncbi.nlm.nih.gov/pubmed/28356241
https://doi.org/10.1016/j.psychsport.2018.07.004
https://doi.org/10.2196/12324
https://doi.org/10.2196/12324
http://www.ncbi.nlm.nih.gov/pubmed/31464194
http://www.ncbi.nlm.nih.gov/pubmed/36896022
https://doi.org/10.1007/s10055-021-00544-z
https://doi.org/10.1016/j.jshs.2019.03.003
https://doi.org/10.1016/j.jshs.2019.03.003
http://www.ncbi.nlm.nih.gov/pubmed/31333885
https://doi.org/10.1089/g4h.2019.0196
https://doi.org/10.1037/1072-5245.13.1.108
https://doi.org/10.1037/1072-5245.13.1.108
https://doi.org/10.1089/cyber.2017.0042
https://doi.org/10.1016/j.psychsport.2007.04.002
http://www.ncbi.nlm.nih.gov/pubmed/18496608
https://ecronicon.net/assets/ecor/pdf/ECOR-09-00320.pdf
https://doi.org/10.2196/35040
http://www.ncbi.nlm.nih.gov/pubmed/35315780
https://doi.org/10.1089/g4h.2020.0180
http://www.ncbi.nlm.nih.gov/pubmed/33891508
https://doi.org/10.1111/ggi.14771
http://www.ncbi.nlm.nih.gov/pubmed/38088479
https://doi.org/10.3390/ijerph17186714
http://www.ncbi.nlm.nih.gov/pubmed/32942663
https://games.jmir.org/2024/1/e58411

JMIR SERIOUS GAMES Polechoniski et al

HHW: handheld weight

HR,ye: average heart rate

HR;jax: maximum heart rate

PA: physical activity

PACES: Physical Activity Enjoyment Scale
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VR: virtual reality

WHO: World Health Organization
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