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Comparison of the virtual reality
and mobile games regarding
physiological load

Bilal Biçer* and Berkay Löklüoğlu

Faculty of Sport Sciences, Hatay Mustafa Kemal University, Antakya, Hatay, Türkiye

Introduction: Physical inactivity or lack of physical activity has become an
increasingly widespread and important global public health problem. Along
with technological developments, the interest in e-sports is also increasing.
Virtual reality (VR) games applied within the scope of e-sports include physical
movements by nature, which encourages players to move more and be active.
This study aimed to compare VR and mobile games regarding physiologic load.

Methods: Twenty-two (13 males, 9 females) healthy university students with a
mean age of 21.72 ± 1.39 years, height of 171.59 ± 9.12 cm, and body weight
of 64.95 ± 13.35 kg, who did not smoke, did not play sports professionally, and
did not have chronic diseases, voluntarily participated in the study. Participants
were randomly assigned to play an active video game (VR) using a virtual reality
headset and amobile game (MO) on a smartphone for 2 days. The gameduration
was determined as 15 min. The body temperature of the participants before and
after the game and heart rate (HR) values during the game were measured from
beat to beat. A non-contact infrared thermometer was used for measuring body
temperature, and a telemetric device was used for HR measurements.

Results:When VR and MO games were compared regarding body temperature,
no intra- and inter-group differences were observed. Regarding HR, HRmean,
HRmax, and HRtotal values of the VR game were statistically significantly higher
than MO games. In addition, in the analyses performed according to the time
spent in the percentage of maximal heart rate, it was observed that the time
spent in the MO game was significantly longer compared to the VR game below
the Under Very Light (UVL). On the contrary, the time spent in the VR game was
significantly longer than the MO game at Above Very Light (AVL).

Conclusion: As a result, the heart rate parameters measured in the VR game
were higher than in the MO game at all levels, suggesting that VR may be an
effective tool for physical activity-based gaming experiences.
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1 Introduction

Physical inactivity or lack of physical activity is a global health problem becoming
increasingly prevalent in society (Moxley et al., 2022). However, research shows
that regular physical activity is essential and beneficial for improving muscular
and cardiorespiratory fitness, improving bone and functional health, and reducing
the risk of many chronic diseases and some types of cancer. Therefore, physical
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activity is the cornerstone of a healthy lifestyle (Giroir and Wright,
2018; Chalkley andMilton, 2021).The importance ofmovement and
physical activity for all age groups is known (Janssen and LeBlanc,
2010). However, with technological developments, the interest and
addiction to playing games is increasing, especially in children
and young people. Mobile (MO) games played with smartphones
mainly cause limitations in movement and physical activity for this
population. The proliferation of virtual reality (VR) and MO games
with technological advances has generated significant interest in
understanding their physiological effects.While both platforms offer
immersive experiences, their technological capabilities and effects
on users differ (Vatsal et al., 2024).

Virtual reality (VR) is a computer-generated simulation of
a three-dimensional environment that can be interacted with
seemingly real or physically using specialized electronic equipment
such as a helmet with a screen in front, a pair of goggles, or
gloves equipped with sensors (Luo et al., 2021). They can be used
for sports training, rehabilitation applications, and entertainment.
MO games are played on mobile devices such as smartphones and
tablets. Unlike VR games, they do not require body movement
and are played only with the movements of the fingers and
wrists (Yamaguchi, 2023). In recent years, technological advances,
increased accessibility, and mobility of VR systems have led
to a great interest in VR applications in a wide range of
recreational and high-performance areas, including sports, which is
increasing (Richlan et al., 2023).

Studies examining the effects of VR and MO games in different
aspects are available in the literature. Studies have been conducted
on the effects of VR games on actual and perceived exertion
(Stewart et al., 2022), movement skill and balance development
(Neri et al., 2017), sprint and jumpperformance (Nambi et al., 2020),
and heart rate (McClure and Schofield, 2019). Unlike MO games,
VR games include various body movements and enable physical
activity (Ramírez-Granizo et al., 2020). The impact of MO games on
physiological parameters has been less extensively studied than VR,
but some research suggests that long-term use can lead to adverse
health effects. Pandey and Vaishnav (2023) conducted a systematic
review of studies on the health effects of digital devices on children.
They highlighted musculoskeletal problems, sleep disturbances,
headaches, eye strain, impaired concentration, and memory loss
as potential consequences of excessive mobile gaming (Pandey and
Vaishnav, 2023). The physiological effects of MO and VR gaming
differ in degree and type. One reason lies in the potential for physical
activity in VR games. VR games may involve physical interactions,
increasing heart rate and exertion (Tan et al., 2024), whereas MO
games are typically less physically demanding (Caldas et al., 2020).

VR games inherently involve physical movement, encouraging
players to move more and be active. These games often include
full-body movements that increase cardiovascular activity, improve
coordination, and engage multiple muscle groups. VR games can,
therefore, be a powerful tool to promote physical activity (Giakoni-
Ramírez et al., 2023). VR games, characterized by their immersive
and interactive nature, have been shown to cause significant
physiological changes compared to traditional screen-based games.
Studies have consistently shown increased levels of arousal in VR
game players. VR games have been reported to elicit significantly
higher arousal, cognitive load, and stress with lower dominance
compared to flat-screen games (Vatsal et al., 2024). This is due to

VR technology’s increased sense of immersion and perception of
reality. Being inside the gaming environment can trigger stronger
emotional responses and more pronounced physiological changes
(Lavoie et al., 2021; Lemmens et al., 2022).

The existing literature on virtual reality (VR) and mobile
games (MO) is quite limited. Specifically, it remains unclear what
physiological effects VR games that involve physical activity have
on individuals (Peng et al., 2011; Brito-Gomes et al., 2014; Brito-
Gomes et al., 2019). In addition, no study was found in the literature
comparing VR games and MO games regarding physiological
effects. In this context, it is important to know what kind of
physiological load VR games that require bodymovement will bring
compared to MO games that do not require movement. This study
aimed to compare VR andMO games in terms of physiological load.
Wehypothesize thatVRgameswill create a higher physiological load
than MO games.

2 Material and methods

2.1 Research group

A total of twenty-two healthy university students (13 males
and 9 females) participated in the study, with an average age of
21.72 ± 1.39 years, an average height of 171.59 ± 9.12 cm, and an
average body weight of 64.95 ± 13.35 kg. The inclusion criteria for
participants were: no smoking, no professional sports involvement,
and no chronic diseases. There were no exclusion criteria related to
participation in either of the two protocols. Prior to the study, all
participants provided written informed consent.

2.2 Sample size

A priori power analysis was conducted using G∗Power (version
3.1.9., Universität Düsseldorf, Germany) (Faul et al., 2007) to
determine the required sample size for a one-tailed paired-samples
t-test. The analysis was based on effect size of 0.8 (Cohen,
1988), an alpha level (α) of 0.05, and a desired statistical power
(1 - β) of 0.95. The results indicated that a minimum sample
size of 19 participants was required to achieve adequate power.
Considering the loss of data, the study was conducted with 22
volunteers. Since all participants completed the study, there was
no data loss.

2.3 Research procedure

The study used the crossover designmethod. Participants played
an active video game (VR) using a virtual reality headset (Oculus
Quest 2) and a mobile game (MO) on a smartphone on two separate
days 48 h apart (Figure 1).

In both game methods, “Fruit Ninja 2” (Halfbrick Studios.
Brisbane, AUS) was selected for the game. Fruit Ninja 2 was chosen
because it is popular among virtual reality (VR) games and provides
users with a higher level of interaction and engagement (Coutu et al.,
2020), as well as being a game that is equivalent to exercising on
the elliptical and corresponds to moderate to vigorous exercise
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FIGURE 1
Data collection process.

FIGURE 2
Experimental setup in an exercise setting and in-game active virtual reality (VR) scenes. (A) Playing with Oculus Quest 2 VR Headset, (B) Gameplay
during Fruit Ninja 2.

intensities (Stewart et al., 2022) that meet health benefit guidelines.
The VR game was played in an empty room. The playground is
designated with strips and necessary safety precautions have been
taken. In this game, players hold a virtual sword in each hand and
try to slice the fruits that appear in the air. The player tries to slice
as many fruits as possible within the given time limit. The slicing
is done by holding the game console apparatus in the VR game
(Figures 2A, B), whereas in the MO game, it is done with finger
movements. Participants also played MO games standing up. When
the literature was examined, it was seen that the Fruit Ninja game
was usually played for 10–15 min (Stewart et al., 2022; Coutu et al.,
2020; Aygün and Çakır-Atabek, 2023; Yoo et al., 2017) and from
this point of view, the game duration was chosen as 15 min to
better understand the physiological load of the game in this study.
Participants were randomly assigned which game to play first. The
games were numbered and written on paper, and the papers were
folded and placed in a box. Participants randomly determined the
order of the game they would play by drawing numbers from the
box before the game.

Heart rate (HR) and body temperature measurements were
taken for participants before and after both games. Participants were
instructed not to engage in high-intensity exercise for at least 2 days
prior to the study and to avoid any stimulants, such as alcohol and
caffeine, before the protocols. Ethical approval was obtained from

the committee to ensure that the experimental procedures were
appropriate.

2.4 Body temperature (BT)

A non-contact infrared thermometer (Zhao and Bergmann,
2023), which is widely used in the healthcare sector due to
its accuracy, reliability, practicality, and ability to provide rapid
results, was preferred for measuring participants’ body temperature.
Accordingly, body temperature was measured from the forehead
using a Saubern BNT9603 (Saubern, China) non-contact infrared
thermometer according to the manufacturer’s instructions. The data
obtained were recorded at a temperature of Celsius.

2.5 Heart rate (HR)

Heart rate (HR) data were recorded at RR (beat-to-beat)
intervals with a Polar RS800CX telemetric device (Polar Electro Ov,
Kempele, Finland). The device consists of a telemetric band worn
on the chest in contact with the skin, a transmitter attached to it,
and a watch worn on the arm. Polar monitors have been validated
as a valid device for heart rate measurement (Vasconcellos et al.,
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TABLE 1 Body Temperature (°C) comparison before and after VR
and MO games.

Pre-game Post-game Test statistics

Game M SD M SD t p

VR 36.63 0.11 36.63 0.12 0.001 1.000

MO 36.64 0.07 36.65 0.11 −0.530 0.602

t = −0.513 t = −0.901

p = 0.613 p = 0.378

VR: virtual reality; MO: mobile; M: mean; SD: standard deviation.

2015; Barbosa et al., 2016). During the 15-min game, the heart rate
data obtained from the participants was analyzed using the Polar
Pro Trainer 5 software included with the device. The data obtained
from the software included HRmax (the highest HR reached during
the game), HRmean (the average HR during the game), and HRtotal
(the total number of HRs reached during the total game), as well as
the time spent 50% and below [under very light (UVL)], 50%–60%
[very light (VL)], and 60% and above [above very light (AVL)] of the
maximal HR determined according to the 220-age formula (Polar
RS800CX User Manual; (Bushman and Bushman içinde, 2017)).

2.6 Statistical analysis

Statistical analyses were performed in IBM SPSS for Windows
(v23, Armonk, NY, United States). Means, standard deviations,
mean rank, and sum of rank values were used in the data
presentation. The Shapiro-Wilk test, known for its high statistical
power and sensitivity, was chosen to assess normality (Razali and
Wah, 2011). According to the normality results, the Paired Samples
T-test was used for comparisons of body temperature, HRmax, and
VL forVR andMOdata, and theWilcoxon SignedRanks Test, which
is the nonparametric equivalent, was used for comparisons of other
data (HRmean, HRtotal, UVL, and AVL). Shapiro-Wilk significant (p)
test results were body temperature (0.245), HRmax (0.500), and VL
(0.067), while HRmean (0.013), HRtotal (0.013), UVL (0.030), and
AVL (0.02). The Cohen’s d, and r (r = z/√n) were used to determine
the effect sizes. Statistical significance was accepted as 0.05 in all
the analyses.

3 Results

Theparticipants’ body temperature values did not change before
and after the game. Similarly, when VR and MO games were
compared in terms of body temperature (Table 1), no difference was
found before and after the game (p > 0.05).

Figure 3 presents an analysis of the average heart rate during
the 15-min game, revealing that the heart rate in the VR game
was significantly higher than in the MO game (z = −4.109, p <
0.01, r = 0.62). Similarly, participants reached higher maximal heart
rates while playing the VR game, indicating a greater physiological

FIGURE 3
Comparison of VR and MO games regarding HRmean and HRmax.

load (t = 7.934, p < 0.01, Cohen’s d = 2.03) (Figure 3). Participants
completed the VR game with a total heart rate of 1934.55 ± 323.53
heartbeats, whereas they completed the MO game with 1424.27 ±
140.23 heartbeats (Table 2). Statistical analysis showed that the total
heart rate during the VR game was significantly higher with a large
effect size (z = −4.107, p < 0.01, r = 0.62).

Analyses according to the time spent in the percentage of
maximal heart rate showed that the time spent at UVL (<50%
of maximum heart rate) intensity was significantly longer in the
MO game compared to the VR game (z = −3.980, p = 0.001, r =
0.60). In contrast, the time spent at AVL (>60% of maximum heart
rate) intensity was significantly longer with a large effect size in
the VR game compared to the MO game (Figure 4) (z = −3.920,
p = 0.001, r = 0.59). In contrast, the two games had no significant
difference regarding duration at VL (50%–60% of maximum heart
rate) intensity (t = −1.055, p = 0.304). These findings indicate that
VR games have generated a significantly higher physiological load
on participants with a larger effect size at AVL intensity.

One of the key findings of this study was related to participant
game preferences. After playing both VR and MO games,
participants were verbally asked, “Which type of game would you
prefer to play more?” Their answers were recorded, and 21 out of
the 22 participants indicated that they preferred VR games.

4 Discussion

As digital gaming technologies advance rapidly, it is essential
to explore the physiological impact of virtual reality (VR) games
that involve physical activity compared to mobile games that do not
requiremovement.This topic is significant for both e-sports research
and health and exercise science. By comparing the physiological
effects of VR andMO games, we can better understand how physical
activity in a virtual environment influences individuals.

This study aimed to compare the effects of VR and MO games
on physiological load.The findings indicate that players experienced
higher heart rates while playing VR games than MO games.
Measured parameters such as HRmean, HRmax reached during the
game, andHRtotal were higher inVR games. Although the time spent
at AVL (>60% of maximum heart rate) intensity was longer in VR
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TABLE 2 Comparison of VR and MO games regarding physiological load.

Variables Game M ± SD Mean rank
N/P/T

Sum of rank
N/P/T

Test statistics p r/Cohen’s d

HRmean (BPM)
VR 128.86 ± 21.59

11.50/0.00/— 253.00/0.00/— z = −4.109 0.001∗ 0.62
MO 95.00 ± 9.31

HRmax (BPM)
VR 152.91 ± 24.10

t = 7.934 0.001∗ 2.03
MO 116.05 ± 8.80

HRtotal

VR 1934.55 ± 323.53
11.50/0.00/— 253.00/0.00/— z = −4.107 0.001∗ 0.62

MO 1424.27 ± 140.23

Under Very Light
(<%50) (mm:ss)

VR 01:40 ± 03:06
1.00/11.50/— 1.00/230.00/— z = −3.980 0.001∗ 0.60

MO 09:24 ± 05:07

Very Light (%50–60)
(mm:ss)

VR 03:45 ± 03:44
t = −1.055 0.304

MO 05:29 ± 05:00

Above Very Light
(>%60) (mm:ss)

VR 09:34 ± 05:39
10.50/0.00/— 210.00/0.00/— z = −3.920 0.001∗ 0.59

MO 00:05 ± 00:11

∗
p < 0.05, M: mean; SD: standard deviation; N/P/T: negative/positive/ties; BPM: beats-per-minute; mm:ss: minute:second.

FIGURE 4
VR-MO comparison according to time spent in percent maximal heart rate.

games and more intense regarding physical activity, 21 participants
preferred VR games.

There were no significant differences in body temperature
results, either within the groups or between them. This lack of
difference was expected in MO games. Currently, there is no
direct data on the impact of MO games on body temperature.
However, since MO games typically do not involve as much physical
activity as virtual reality (VR) games, they are not likely to affect
body temperature as pronounced. Although participants may be
standing in MO games, the only physical movements are limited
to their fingers and wrists, resulting in minimal overall exertion.

The involvement of different muscle groups during exercise can
lead to differences in the body’s thermoregulation mechanisms.
This variation stems from the distinct efferent nerve stimuli that
reach the thermoregulation center when performing exercises with
the arms versus the legs. In the VR game mentioned in the
protocol, participants engaged with the Fruit Ninja 2 game by
holding the console and using their arms. Given the physical
activity required in VR games, it is noteworthy that there was no
significant difference in body temperature compared to traditional
MO games. However, even at an equivalent level of energy
expenditure and heat production, body temperature increases

Frontiers in Physiology 05 frontiersin.org

https://doi.org/10.3389/fphys.2025.1556434
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Biçer and Löklüoğlu 10.3389/fphys.2025.1556434

during arm exercises were lower than those observed during leg
exercises (Asmussen and Nielsen, 1947). Conversely, another study
indicated that arm exercises elicited higher heart rates and greater
perceived exertion than leg exercises (Pivarnik et al., 1988). The
existing literature suggests that while VR games may not directly
influence body temperature, they can impact perceived temperature
(Lauderdale, 2017; Morgan et al., 2024).

The effects of VR games on heart rate can vary based on
the type of game and how it is played. Generally, VR games
can increase heart rate (Naugle et al., 2024), influenced by both
the game’s intensity and the player’s experience. For example,
Godfrey et al. (2024) and Evans et al. (2021) reported that the
game Beat Saber provides light to moderate-intensity exercise, while
Thrill of the Fight offers an intensity comparable to high-intensity
workouts. Immersive games, particularly in virtual reality (VR),
can significantly increase the physiological demands on players.
VR games enhance the player’s sense of presence (Coxon et al.,
2016; Lin, 2017), making them feel more detached from reality and
deeply engaged in the virtual environment. Research indicates that
VR games elicit stronger feelings of presence than traditional TV
screens (Wirth et al., 2007; Cummings and Bailenson, 2016). In their
literature review, Sousa et al. (2022) noted that immersive VR games
generally induce activity levels that are classified asmoderate to high
intensity.

VR games provide a more vivid and dynamic experience
than MO games, which might explain why participants exert
more effort during these activities. Liu et al. (2024) conducted
a study involving university students, where they tested three
different biking protocols: immersive VR cycling, non-immersive
VR biking, and traditional stationary biking. The results indicated
that VR cycling resulted in significantly higher vitality levels
than screen and traditional cycling (Liu et al., 2024). Similarly,
Zeng et al. (2022) compared VR-assisted exercise, exergaming,
and traditional cycling regarding perceived difficulty and the
number of pedal cycles performed by university students.
Their findings revealed that participants perceived VR-assisted
exercise cycling as less challenging than the other methods.
However, they completed more pedal cycles than exergaming and
traditional cycling (Zeng et al., 2022).

The game used in this study, Fruit Ninja 2, is a virtual reality
(VR) game where participants attempt to slice fruits thrown into
the air using the controls of a gaming console. The dynamic
nature of the game encourages participants to use their hands and
arms intensively while also stepping and turning their bodies in
various directions to enhance their physical mobility. This indicates
that VR games necessitate more physical activity and intense
muscle engagement compared to traditional seated MO games.
One study assessed the physical activity intensity of healthy adults
playing a VR game that allows for locomotor movements and the
Icaros flight simulator using a 1-7 Likert scale. The researchers
found that the exercise intensity in the VR game was higher
(Dębska et al., 2019). Additionally, another study involving obese
children compared a game requiring locomotor movement to a
VR game that limited movement. The results indicated that the
heart rates were significantly higher during the game requiring
locomotor movement (Polechoński et al., 2020).

Although we did not use a pedometer to measure activity levels
in this study, we observed that participants moved significantly

more while playing the VR games. It was found that VR-based
games not only increased the physical mobility of the players but
also significantly elevated the intensity of their physical activity
during the game. Consequently, we can conclude that participants
experienced higher intensity levels while engaging in VR games.
The findings from our study, which include elevatedHRmean, HRmax,
HRtotal, and a significantly longer time spent at AVL intensity, align
with existing literature (Polechoński, 2024; Polechoński et al., 2022).

Another key finding regarding exercise intensity in this study is
the time spent in maximal heart rate percentiles. At UVL intensity
(<50% of Maximum Heart Rate), participants spent significantly
more time in the MO game compared to the VR game. Similarly,
although no statistically significant difference was found, the time
spent at VL intensity was also longer in the MO game than in
the VR game. This indicates that in the MO game, participants
tended to play with minimal movement and often stopped, resulting
in less physical effort. Consequently, this supports the idea that
participants experience a lower physiological load in MO games
compared to VR games. In contrast, the time participants spent in
the VR game at AVL intensity (>60% of Maximum Heart Rate) was
significantly longer than in the MO game (Figure 4). This level of
intensity can be considered moderate or higher. One study reported
that table tennis training in VR arcade mode corresponded to a
moderate level of physical activity, averaging 69.50% of HRmax.
Furthermore, Polechoński et al. (2022) investigated how adding
weight to participants’ arms during active VR games affected
physical activity intensity. They had the participants play the game
with and without 0.5 kg on their arms. Their results showed
that playing the game without added weight corresponded to
63.7% of HRmax (Polechoński et al., 2022). These findings suggest
that VR gaming creates a more significant physiological load on
participants at very light and higher intensity levels, and our
findings are consistent with the literature (Stewart et al., 2022;
Polechoński, 2024; Polechoński et al., 2022).

5 Conclusion

This study aimed to compare the effects of VR games
and MO games on physiological load. The results indicate that
VR games require greater cardiovascular effort and result in a
more significant physiological load on players than MO games.
Specifically, parameters such as HRmean, HRmax reached during the
game, and HRtotal were higher in VR games. Additionally, the time
spent at AVL intensity was significantly longer in VR games than in
MO games. Consequently, VR games created a higher physiological
load than MO games. The heart rate parameters measured during
VR games were elevated across all levels, suggesting that VR may
be an effective tool for promoting physical activity through gaming
experiences.

These results suggest that VR games have significant potential
to increase physical activity levels and to be used as a tool in
exercise-related interventions. However, it is important to consider
the specific differences between various game types and choose
games suitable for individuals’ physical abilities. Additionally, long-
term use of VR headsets in children under a certain age may
negatively impact postural stability and increase the symptoms of
motion sickness, somonitoring the duration of gameplay is essential.
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Since VR games can significantly affect children’s psychological
safety, educators and parents should carefully evaluate the content
of these games. Lastly, creating a large, obstacle-free play area is
recommended to minimize the risk of bumps or falls.

6 Future directions and limitations

A more comprehensive investigation into the physiological
effects of VR andMOgames will be a crucial focus for future studies.
Additionally, long-term follow-up research could explore how
both VR and MO games influence physical fitness, cardiovascular
health, and overall physical activity levels over time. Beyond the
physiological impact, it is also important to examine how these
games affect players’ motivation, engagement, and enjoyment. By
understanding these factors, we can use games more effectively in
health and exercise programs. The study assessed the physiological
effects of gaming during 15-min sessions.However, amore extended
follow-up period is necessary to better understand the impacts of
long-term gaming habits. Additionally, the evaluation focused only
on certain types of VR and MO games. Variations in game types
andmechanics can significantly influence their physiological effects.
Therefore, future research could explore awider range of game types.
Moreover, the study used limited measures, focusing solely on basic
physiological parameters like heart rate. Other important factors,
such as energy expenditure, oxygen consumption, lactate levels,
and perceived exertion, were not evaluated. Acknowledging these
limitations will enhance the interpretation of the current findings
and improve the design of future studies.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The Hatay
Mustafa Kemal University Ethics Commission. The studies were

conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

BB: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Methodology, Resources, Visualization,
Writing – original draft, Writing – review and editing. BL: Funding
acquisition, Investigation, Resources, Visualization, Writing –
original draft, Writing – review and editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product thatmay be evaluated in this article, or claim
thatmay bemade by itsmanufacturer, is not guaranteed or endorsed
by the publisher.

References

Asmussen, E., andNielsen,M. (1947).The regulation of the body-temperature during
work performed with the arms and with the legs. Acta Physiol. Scand. 14 (4), 373–382.
doi:10.1111/j.1748-1716.1947.tb00473.x

Aygün, C., and Çakır-Atabek, H. (2023). Classification of exergames with different
types: perceptual and physiological responses in college students. Appl. Sci. 13 (19),
10769. doi:10.3390/app131910769

Barbosa, R., Silva, N. T., Azevedo, F. M., Pastre, C. M., and Vanderlei, L. C.
(2016). Comparison of Polar® RS 800G3™ heart rate monitor with Polar® S810i™
and electrocardiogram to obtain the series of RR intervals and analysis of heart
rate variability at rest. Clin. Physiol. Funct. I 36 (2), 112–117. doi:10.1111/
cpf.12203

Brito-Gomes, J. L., Perrier-Melo, R. J., De Albuquerque, F. L., and Cunha, C.
M. (2014). Heart rate response during a session with different active videogames.
Man. Ther. Posturology Rehabil. J. 12, 166–259. doi:10.17784/mtprehabjournal.
2014.12.166

Brito-Gomes, J. L., Santos Oliveira, L., Martins Vancea, D. M., and Cunha
Costa, M. (2019). Do 30 minutes of active video games at a moderate-intensity
promote glycemic and cardiovascular changes? Conscientiae Saúde 18 (3), 389–401.
doi:10.5585/conssaude.v18n3.13962

Bushman, B. A. (2017). “Improving your aerobic fitness,” in ACSM’s Complete guide
to fitness and health. Editor B. A. Bushman (United States: Human Kinetics), 79–99.

Caldas, O. I., Aviles, O. F., and Rodriguez-Guerrero, C. (2020). Effects of
presence and challenge variations on emotional engagement in immersive
virtual environments. IEEE Trans. Neural Syst. Rehabil. Eng. 28 (5), 1109–1116.
doi:10.1109/TNSRE.2020.2985308

Chalkley, A., and Milton, K. (2021). A critical review of national physical activity
policies relating to children and young people in England. J. Sport Health Sci. 10,
255–262. doi:10.1016/j.jshs.2020.09.010

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. New York:
Lawrence Erlbaum Associates.

Frontiers in Physiology 07 frontiersin.org

https://doi.org/10.3389/fphys.2025.1556434
https://doi.org/10.1111/j.1748-1716.1947.tb00473.x
https://doi.org/10.3390/app131910769
https://doi.org/10.1111/cpf.12203
https://doi.org/10.1111/cpf.12203
https://doi.org/10.17784/mtprehabjournal.2014.12.166
https://doi.org/10.17784/mtprehabjournal.2014.12.166
https://doi.org/10.5585/conssaude.v18n3.13962
https://doi.org/10.1109/TNSRE.2020.2985308
https://doi.org/10.1016/j.jshs.2020.09.010
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Biçer and Löklüoğlu 10.3389/fphys.2025.1556434

Coutu, Y., Chang, Y., Zhang, W., Şengün, S., and Lc, R. (2020). “Immersiveness
and usability in VR: a comparative study of monstrum and fruit Ninja,” in Game user
experience and player-centered design. Editor B. Bostan içinde (Springer), 437–448.

Coxon, M., Kelly, N., and Page, S. (2016). Individual differences in virtual
reality: are spatial presence and spatial ability linked? Virtual Real 20, 203–212.
doi:10.1007/s10055-016-0292-x

Cummings, J. J., and Bailenson, J. N. (2016). How immersive is enough? A meta-
analysis of the effect of immersive technology on user presence. Media Psychol. 19 (2),
272–309. doi:10.1080/15213269.2015.1015740

Dębska, M., Polechoński, J., Mynarski, A., and Polechoński, P. (2019). Enjoyment
and intensity of physical activity in immersive virtual reality performed on innovative
training devices in compliance with recommendations for health. Int. J. Environ. Res.
Public Health 16 (19), 3673. doi:10.3390/ijerph16193673

Evans, E., Naugle, K. E., Kaleth, A. S., Arnold, B., and Naugle, K. M. (2021). Physical
activity intensity, perceived exertion, and enjoyment during head-mounted display
virtual reality games. Games Health J. 10 (5), 314–320. doi:10.1089/g4h.2021.0036

Faul, F., Erdfelder, E., Lang, A. G., and Buchner, A. G. (2007). G∗Power 3: a flexible
statistical power analysis program for the social, behavioral, and biomedical sciences.
Behav. Res. Methods 39 (2), 175–191. doi:10.3758/bf03193146

Giakoni-Ramírez, F., Godoy-Cumillaf, A., Espoz-Lazo, S., Duclos-Bastias, D., and del
Val Martín, P. (2023). Physical activity in immersive virtual reality: a scoping review.
Healthcare 11, 1553. doi:10.3390/healthcare11111553

Giroir, B. P., and Wright, D. (2018). Physical activity guidelines for health and
prosperity in the United States. JAMA 320, 1971–1972. doi:10.1001/jama.2018.16998

Godfrey, C. A., Oody, J. F., Conger, S. A., and Steeves, J. A. (2024). Active virtual
reality games: comparing energy expenditure, game experience, and cybersickness
to traditional gaming and exercise in youth aged 8–12. Games Health J. 14, 42–48.
doi:10.1089/g4h.2024.0034

Janssen, I., and LeBlanc, A. G. (2010). Systematic review of the health benefits of
physical activity and fitness in school-aged children and youth. Int. J. Behav. Nutr. Phys.
Act. 7 (40), 40–16. doi:10.1186/1479-5868-7-40

Lauderdale, N. N. (2017). “Objective and subjective temperature effects of
virtual reality,”. EWU Masters Thesis Collection (Cheney (WA): Eastern Washington
University).

Lavoie, R., Main, K., King, C., and King, D. (2021). Virtual experience, real
consequences: the potential negative emotional consequences of virtual reality
gameplay. Virtual Real 25, 69–81. doi:10.1007/s10055-020-00440-y

Lemmens, J. S., Simon, M., and Sumter, S. R. (2022). Fear and loathing in VR: the
emotional and physiological effects of immersive games. Virtual Real 26, 223–234.
doi:10.1007/s10055-021-00555-w

Lin, J. T. (2017). Fear in virtual reality (VR): fear elements, coping reactions,
immediate and next-day fright responses toward a survival horror zombie virtual reality
game. Comput. Hum. Behav. 72, 350–361. doi:10.1016/j.chb.2017.02.057

Liu, W., McDonough, D. J., and Gao, Z. (2024). Comparing college students’ mood
states among immersive virtual reality, non-immersive virtual reality, and traditional
biking exercise. PloS one 19 (11), e0311113. doi:10.1371/journal.pone.0311113

Luo, H., Li, G., Feng, Q., Yang, Y., and Zuo, M. (2021). Virtual reality in K‐12 and
higher education: a systematic review of the literature from 2000 to 2019. J. Comput.
Assist. Learn 37 (3), 887–901. doi:10.1111/jcal.12538

McClure, C., and Schofield, D. (2019). Running virtual: the effect of virtual reality on
exercise. J. Hum. Sport Exerc 15, 861–870. doi:10.14198/jhse.2020.154.13

Morgan, F.,Mayes, H. S., andCostello, J. T. (2024). Influence of head-mounted virtual
reality (VR) on psychological and physiological responses in the heat.Grad. J. Sports Sci.
Coach Manag. Rehab 1 (3), 67. doi:10.19164/gjsscmr.v1i3.1553

Moxley, E., Webber-Ritchey, K. J., and Hayman, L. L. (2022). Global impact of
physical inactivity and implications for public health nursing. Public Health Nurs. 39,
180–188. doi:10.1111/phn.12958

Nambi, G., Abdelbasset, W. K., Elsayed, S. H., Alrawaili, S. M., Abodonya, A.
M., Saleh, A. K., et al. (2020). Comparative effects of isokinetic training and virtual
reality training on sports performances in university football players with chronic low
back pain-randomized controlled study. Evid. Based Complement. Altern. Med. 16,
2981273–2981310. doi:10.1155/2020/2981273

Naugle, K. E., Cervantes, X. A., Boone, C. L., Wind, B., and Naugle, K. M. (2024).
Exploring actual and perceived levels of physical activity intensity during virtual reality
active games. Front. Sports Act. Living 6, 1349521. doi:10.3389/fspor.2024.1349521

Neri, S. R., Cardoso, J. R., Cruz, L., Lima, R. M., de Oliveira, R. J., Iversen, M. D., et al.
(2017). Do virtual reality games improve mobility skills and balance measurements in

community dwelling older adults? Systematic review and meta-analysis. Clin. Rehabil.
31 (10), 1292–1304. doi:10.1177/0269215517694677

Pandey, S. R., and Vaishnav, R. S. (2023). Increasing exposure of digital devices
and its impact on physiological and psychological development among children: a
systematic review of prospective studies. Int. J. Membr. Sci. Techno 10 (4), 2400–2407.
doi:10.15379/ijmst.v10i4.3445

Peng, W., Lin, J. H., and Crouse, J. (2011). Is playing exergames really exercising? A
meta-analysis of energy expenditure in active video games. Cyberpsychology Behav. Soc.
14 (11), 681–688. doi:10.1089/cyber.2010.0578

Pivarnik, J. M., Grafner, T. R., and Elkins, E. S. (1988). Metabolic, thermoregulatory,
and psychophysiological responses during arm and leg exercise. Med. Sci. Sports Exerc
20 (1), 1–5. doi:10.1249/00005768-198802000-00001

Polechoński, J. (2024). Assessment of the intensity and attractiveness of physical
exercise while playing table tennis in an immersive virtual environment depending on
the game mode. BMC Sports Sci. Med. Rehabil. 16 (1), 155. doi:10.1186/s13102-024-
00945-y

Polechoński, J., Nierwińska, K., Kalita, B., and Wodarski, P. (2020). Can physical
activity in immersive virtual reality be attractive and have sufficient intensity to meet
health recommendations for obese children? A pilot study. Int. J. Environ. Res. Public
Health 17 (21), 8051. doi:10.3390/ijerph17218051

Polechoński, J., Zwierzchowska, A., Makioła, Ł., Groffik, D., and Kostorz, K. (2022).
Handheld weights as an effective and comfortable way to increase exercise intensity of
physical activity in virtual reality: empirical study. JMIR Serious Games 10 (4), e39932.
doi:10.2196/39932

Ramírez-Granizo, I. A., Ubago-Jiménez, J. L., González-Valero, G., Puertas-Molero,
P., and Román-Mata, S. S. (2020). The effect of physical activity and the use of active
video games: exergames in children and adolescents: a systematic review. Int. J. Environ.
Res. Public Health 17, 4243. doi:10.3390/ijerph17124243

Razali, N. M., and Wah, Y. B. (2011). Power comparisons of shapiro-wilk,
Kolmogorov-smirnov, lilliefors and anderson-darling tests. J. Stat. Model Anal. 2 (1),
21–33.

Richlan, F., Weiß, M., Kastner, P., and Braid, J. (2023). Virtual training, real effects: a
narrative review on sports performance enhancement through interventions in virtual
reality. Front. Psychol. 14, 1240790. doi:10.3389/fpsyg.2023.1240790

Sousa, C. V., Hwang, J., Cabrera-Perez, R., Fernandez, A., Misawa, A., Newhook,
K., et al. (2022). Active video games in fully immersive virtual reality elicit moderate-
to-vigorous physical activity and improve cognitive performance in sedentary college
students. J. Sport Health Sci. 11 (2), 164–171. doi:10.1016/j.jshs.2021.05.002

Stewart, T.H., Villaneuva, K., Hahn, A., Ortiz-Delatorre, J.,Wolf, C., Nguyen, R., et al.
(2022). Actual vs. perceived exertion during active virtual reality game exercise. Front.
Rehabilit Sci. 3, 887740. doi:10.3389/fresc.2022.887740

Tan, W. T., Razali, M. F., Ripin, Z. M., Yeo, Y. H., Tay, J. Y., Jaafar, N. A., et al. (2024).
The use of virtual reality in stable sitting trunk rehabilitation for stroke patients: a pilot
study. IIUMMed. J. Malays 23 (3), 113–123. doi:10.31436/imjm.v23i03.2493

Vasconcellos, F. V., Seabra, A., Cunha, F. A., Montenegro, R. A.,
Bouskela, E., and Farinatti, P. (2015). Heart rate variability assessment
with fingertip photoplethysmography and polar RS800cx as compared with
electrocardiography in obese adolescents. Blood Press Monit. 20 (6), 351–360.
doi:10.1097/MBP.0000000000000143

Vatsal, R., Mishra, S., Thareja, R., Chakrabarty, M., Sharma, O., and Shukla,
J. (2024). An analysis of physiological and psychological responses in virtual
reality and flat screen gaming. IEEE Trans. Affect Comput. 15 (3), 1696–1710.
doi:10.1109/TAFFC.2024.3368703

Wirth, W., Hartmann, T., Böcking, S., Vorderer, P., Klimmt, C., Schramm, H., et al.
(2007). A processmodel of the formation of spatial presence experiences.Media Psychol.
9 (3), 493–525. doi:10.1080/15213260701283079

Yamaguchi, S. (2023). The relationship between playing video games on mobile
devices andwell-being in a sample of Japanese adolescents and adults. SAGEOpenMed.
11, 20503121221147842–12. doi:10.1177/20503121221147842

Yoo, S., Ackad, C., Heywood, T., and Kay, J. (2017). “Evaluating the actual and
perceived exertion provided by virtual reality games,” inConference ExtendedAbstracts
on Hum Factor Comput Syst (Denver, USA: CHI), 3050–3057.

Zeng, N., Liu, W., Pope, Z. C., McDonough, D. J., and Gao, Z. (2022). Acute effects
of virtual reality exercise biking on college students’ physical responses. Res. Q. Exerc
Sport 93 (3), 633–639. doi:10.1080/02701367.2021.1891188

Zhao, Y., and Bergmann, J. H. (2023). Non-contact infrared thermometers and
thermal scanners for human body temperaturemonitoring: a systematic review. Sensors
23 (17), 7439. doi:10.3390/s23177439

Frontiers in Physiology 08 frontiersin.org

https://doi.org/10.3389/fphys.2025.1556434
https://doi.org/10.1007/s10055-016-0292-x
https://doi.org/10.1080/15213269.2015.1015740
https://doi.org/10.3390/ijerph16193673
https://doi.org/10.1089/g4h.2021.0036
https://doi.org/10.3758/bf03193146
https://doi.org/10.3390/healthcare11111553
https://doi.org/10.1001/jama.2018.16998
https://doi.org/10.1089/g4h.2024.0034
https://doi.org/10.1186/1479-5868-7-40
https://doi.org/10.1007/s10055-020-00440-y
https://doi.org/10.1007/s10055-021-00555-w
https://doi.org/10.1016/j.chb.2017.02.057
https://doi.org/10.1371/journal.pone.0311113
https://doi.org/10.1111/jcal.12538
https://doi.org/10.14198/jhse.2020.154.13
https://doi.org/10.19164/gjsscmr.v1i3.1553
https://doi.org/10.1111/phn.12958
https://doi.org/10.1155/2020/2981273
https://doi.org/10.3389/fspor.2024.1349521
https://doi.org/10.1177/0269215517694677
https://doi.org/10.15379/ijmst.v10i4.3445
https://doi.org/10.1089/cyber.2010.0578
https://doi.org/10.1249/00005768-198802000-00001
https://doi.org/10.1186/s13102-024-00945-y
https://doi.org/10.1186/s13102-024-00945-y
https://doi.org/10.3390/ijerph17218051
https://doi.org/10.2196/39932
https://doi.org/10.3390/ijerph17124243
https://doi.org/10.3389/fpsyg.2023.1240790
https://doi.org/10.1016/j.jshs.2021.05.002
https://doi.org/10.3389/fresc.2022.887740
https://doi.org/10.31436/imjm.v23i03.2493
https://doi.org/10.1097/MBP.0000000000000143
https://doi.org/10.1109/TAFFC.2024.3368703
https://doi.org/10.1080/15213260701283079
https://doi.org/10.1177/20503121221147842
https://doi.org/10.1080/02701367.2021.1891188
https://doi.org/10.3390/s23177439
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

	1 Introduction
	2 Material and methods
	2.1 Research group
	2.2 Sample size
	2.3 Research procedure
	2.4 Body temperature (BT)
	2.5 Heart rate (HR)
	2.6 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	6 Future directions and limitations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References

