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Virtual Reality (VR) technologies allow children to experience a multitude of
environments and interactions; however, little is known regarding the extent to
which moderate and sustained VR use impacts aspects of children’s physical and
cognitive functioning. In the present research, we examine the extent to which
60-min VR play sessions over the course of 4 days impact 10- to 12-year-olds’
visual functioning (e.g., acuity, stereoacuity), visuomotor coordination (e.g.,
hand-eye coordination), postural stability, inhibitory control, and subjective
visual and musculoskeletal discomfort (e.g., symptoms of visually-induced
motion sickness). Measures of visual, physical, and cognitive functioning were
administered before any VR use (day 1), after 4 days of daily VR use (day 4), and
after a break from VR use (day 5). Results from this 5-day study demonstrate that
moderate and daily VR usage did not negatively affect children’s visual, physical,
and cognitive functioning. Overall, the present study provides novel insights into
the growing body of evidence regarding the health and safety considerations
surrounding VR use by children.

KEYWORDS

children, health, safety, visual functioning, inhibitory control, postural balance, depth
perception, virtual reality

Introduction

Advances in virtual reality (VR) technology have allowed for the capability to create
immersive, virtual experiences. This is accomplished by presenting the user with real-time,
dynamic sensory input through the complex integration of hardware, computer software,
and the user themselves. These advances have led to applications in various fields such as
education, clinical treatment, entertainment, and gaming. A report released by Common
Sense Media, a 501(c) (3) non-profit organization whose mission is to provide insights into
the extent to which various media and technology is suitable for children, indicated that
young people are increasingly engaging in VR technologies (Reed and Joseff, 2022). In a
follow up publication by Common Sense Media, Rideout et al., 2021 reported that 17% of
U.S. children aged 8–18 years live in households with VR headsets, and 22% of 8- to 12-
year-olds and 27% of 13- to 18-year-olds have tried VR technologies. Given the increased
availability and application of VR technology across domains, researchers have sought to
understand potential health and safety effects on users, including youth (Bailey and
Bailenson, 2017; Kaimara et al., 2022).

Developmental theorists have long emphasized the role of the environment as a driving
factor in child development across the physical, cognitive, and psychosocial domains
(Bronfrenbrenner, 1981; Piaget, 1954; Vygotsky, 1978). Recently, experts have indicated the
relative importance of the “techno-subsystem,” thereby emphasizing the role technology
plays in children’s developmental outcomes (Johnson and Puplampu, 2008). Children’s
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increasing engagement with VR technology raises questions
regarding the extent to which, if at all, VR use may impact
youths’ development and functioning. Based on previous
research, VR use and content may influence cognitive and
physical factors including visual functioning (e.g., acuity,
stereoacuity), visuomotor coordination (e.g., hand-eye
coordination), balance and vestibular functioning (e.g., postural
stability), executive functioning (e.g., inhibitory control), and
subjective visual and musculoskeletal discomfort (e.g., symptoms
of visually-induced motion sickness or VIMS; Bailey and Bailenson,
2017; LaViola, 2000; Rushton and Riddell, 1999). Below, we
summarize existing research regarding the impact of VR use on
children’s visual, physical, and cognitive functioning.

Visual functioning

There are many metrics used to characterize vision from both a
research and clinical standpoint. One of the most characterized
aspects of the visual system is individuals’ ability to resolve fine
spatial details, known as visual acuity. This is traditionally measured
via a Snellen Eye Chart and a near-point card viewed at far and near
distances for far and near acuity measurements, respectively
(Snellen, 1862; de Jong, 2024). In addition to fine acuity, the
visual system relies on the two eyes working together to estimate
different focal distances and visually integrate depth information.
Accommodation describes the eye’s ability to adjust focus for near
and far stimuli by changing the shape of the lens, which is crucial for
maintaining clear spatial vision at different distances. Vergence
refers to the movement of both eyes in opposite directions to
maintain binocular vision when shifting focus between near and
distant objects. Accommodation facility and vergence facility
measure how quickly and accurately the eye can perform these
adjustments. Accommodation facility assesses the speed and
precision with which the eye can shift focus between near and
far objects, while vergence facility evaluates the efficiency of eye
movements in maintaining proper alignment for clear, single vision
during changes in gaze. Convergence more specifically describes
when the eyes both move inward (or nasally). An example of a
convergence eye movement might include how both eyes move
when driving to change focus from the road (far) to then focusing on
the dashboard (near). Phoria is a latent deviation of the eyes that
occurs when binocular vision is disrupted, revealing the natural
tendency of the eyes to drift inward, outward, upward, or downward
(Kim et al., 2010; Ripps et al., 1962). These tendencies reflect the
balance between the eye’s focusing ability (accommodation) and its
alignment (convergence). The accommodative convergence (AC/A)
ratio measures how much the eyes converge in response to a change
in accommodation, indicating how eye alignment adjusts as the lens
focuses on different distances. Conversely, the convergence
accommodation (CA/C) ratio measures how much
accommodation occurs as a result of a change in eye
convergence, reflecting how the lens reshapes when the eyes
move towards or away from a target (Bruce et al., 1995). These
metrics are used to quantify the interaction between eye alignment
and focusing effort (Bruce et al., 1995). When the visual system
coordinates accommodation and vergence movements, it becomes
capable of perceiving depth cues. Due to the slight horizontal

separation between the eyes, each eye views an object from a
slightly different angle, resulting in binocular disparity. The
visual system utilizes these subtle differences in perspective to
enable stereovision, allowing us to perceive the depth and three-
dimensional structure of objects. Changes in each of these metrics
within the context of VR can provide insights into how effectively an
individual’s visual system adapts to a new visual environment.

One previous study investigated changes in visual and
oculomotor functioning in 5- to 16-year-old children who viewed
virtual imagery in a head-mounted device (HMD) or high-definition
television (HDTV) for 30 min or 80 min (Kozulin et al., 2009).
Similar visual/ocular measures were assessed at baseline,
immediately after device use, and 10-min after device use. The
study found that near and far visual acuity decreased significantly
between baseline and immediately after 30-min of HMD use, with
the decrease in near visual acuity remaining significant at 10 min
post use. Furthermore, immediately after 30 min of HMD use,
accommodation CA/C ratio was significantly higher and
stereoacuity was significantly lower compared to baseline,
suggesting increased difficulty in accommodation. However, this
change was no longer significant at 10-min after device use. Near
point convergence, describing the smallest distance from the center
of the face to where subjects could focus both eyes on a target,
decreased and was the only measure that differed significantly
between baseline and 10 min post device use. After 80 min of
HMD use, while there were reported changes in eye alignment, there
was significant variance noted across subjects and the authors
concluded that HMD use had a relatively small effect on the
visual system and that such impacts were no different than those
imparted from HDTV use.

Additional research has similarly found the impact of VR use on
visual functioning to be minimal. In a study with 4- to 10-year-olds
conducted by Tychsen and Foeller, 2020, there were no significant
changes in measures of visual acuity, binocular eye alignment, or
stereoacuity before and after VR use. In that study, children used a
VR headset for two consecutive 30-min play sessions, and
assessments were administered at baseline (before use), after the
first session (post 30 min of use), and at the end of the second session
(post 60 cumulative minutes of use). In another study where 10- to
12-year-olds used a VR headset for 30 min per day for five
consecutive days, Rauschenberger and Barakat (2020) observed
no significant changes in visual acuity, phoria, or stereoacuity
across the study period. In that study, assessments were
completed on day 1 prior to VR use, immediately after daily VR
use on day 5, and after 24 h after VR use on day 6. The authors noted
that accommodative facility improved between baseline and day 5.

Visuomotor coordination

The study by Rauschenberger and Barakat (2020) also evaluated
changes in visuomotor coordination, specifically hand-eye
coordination, using a near-depth and a far-depth perception task.
The near-depth perception task, referred to as the skewer-straw task,
required participants to place wooden skewers into randomly angled
upright straws, while the far-depth perception task required
participants to walk to visually identified near or far targets while
blindfolded. Results showed that there were no adverse effects of
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daily VR use on these measures (Rauschenberger and
Barakat, 2020).

Balance and vestibular functioning

To our knowledge, only two studies have examined balance and
vestibular functioning in children after VR use (Rauschenberger and
Barakat, 2020; Tychsen and Foeller, 2020). One study of 4- to 10-
year-olds found no changes in postural stability between baseline
and after 60 min of VR use (Tychsen and Foeller, 2020). Another
study of 10-to-12-year-olds demonstrated that total sway was higher
after five consecutive days of VR use; however, the authors noted
that values were generally low compared to previous studies and
suggestive of a lack of overt or practically significant impairment
(Rauschenberger and Barakat, 2020).

Cognitive functioning

Notably, in the existing literature on the impact of VR on
children, there is less known about the potential effects on
children’s cognitive functioning, particularly in relation to
executive function. Executive function refers to a set of skills or
cognitive capacities that enable individuals to regulate other
cognitive abilities and behaviors. Inhibitory control is a core
component of executive function that refers to the ability to
consciously suppress or regulate automatic, impulsive, or habitual
responses. To date, no research has examined the extent to which
VR use impacts children’s inhibitory control, although some have
raised the notion that the way children experience immersive VR
environments may relate to executive function because the salient
sensory feedback in immersive VR may challenge children’s
behavioral and emotional regulation (Bailey and Bailenson,
2017). However, given there is evidence of a positive association
between 2D gaming and some domains of executive functioning in
youth (e.g., Eng et al., 2023; Granic et al., 2014), engagement in VR
gaming may also provide similar cognitive benefits. Moreover,
recent work has demonstrated also that VR games provide
opportunities for reducing symptoms of inattention,
disorganization, and/or hyperactivity/impulsivity in children
(Weerdmeester et al., 2016).

Subjective discomfort

Researchers have also investigated the extent to which VR use
leads to physical discomfort. In their study with 5- to 16-year-olds,
Kozulin and colleagues (2009) found that immediately after using an
HMD for 30 min, symptoms related to “feeling tired,” “feeling
sleepy,” “difficulty concentrating,” and “sore/aching eyes”
increased from baseline measurements, but these symptoms were
reduced after 10 min. Immediately after 80 min of HMD use,
symptoms related to “feeling tired,” “feeling bored,” “feeling
sleepy,” and “tired eyes” increased relative to baseline as well.
Additionally, subjective discomfort symptoms did not differ
between HMD and HDTV conditions, suggesting that HMD
viewing may be as comfortable as HDTV viewing.

Similarly, in the study of 4- to-10-year-olds by Tychsen and
Foeller, 2020, scores on self-reported assessments of discomfort
showed an increase in general discomfort, head-neck discomfort,
fatigue, and visually induced motion sickness (measured using a
child-friendly version of the Simulator Sickness Questionnaire or
SSQ) post-VR use relative to measurements obtained prior to any
VR use. However, the authors concluded that it is doubtful that these
observed increases in SSQ scores equate to meaningful physical
effects given that the majority (94%) of study participants did not
terminate the session and most expressed disappointment when the
VR gaming session concluded (Tychsen and Foeller, 2020).

Other studies have also explored discomfort after moderate and
sustained VR use. For example, in the study by Rauschenberger and
Barakat (2020), the authors reported that 10- to 12-year-olds’
subjective discomfort was significantly higher on day 1 relative to
day 6 (after five consecutive days of daily VR use); however, the
authors note the discomfort was overall low relative to other
research, suggesting that such effects were relatively minimal. In
sum, the available scientific evidence suggests that both brief
(i.e., single VR session lasting up to 80 min) and repeated
(i.e., daily 30-min VR sessions across a 5-day period) VR use
introduces some subjective discomfort among children; however,
the impact appears to be mild. Any visual discomfort following
HMD use by children and adolescents may be similar to visual
discomfort experienced after using technological devices ubiquitous
to modern life, such as 2D virtual displays (Kozulin et al., 2009).

Current study

As reviewed above, few studies have examined the impacts of VR
use on children’s functioning. To date, the available scientific
evidence suggests that changes in postural stability, vision, hand
eye coordination, visually induced motion sickness and discomfort
associated with children’s VR use may be relatively mild and
clinically nonsignificant. While promising, recent developments
and changes in VR technologies warrant a re-examination of the
potential impacts of VR usage on children across various domains of
visual, physical, and cognitive functioning. Moreover, as noted
above, no research has investigated the extent to which, if at all,
VR use impacts children’s inhibitory control.

Using the latest VR technology available and appropriate for
children between the ages of 10 and 12 years old, the current study
aims to expand existing knowledge and investigate the effects of
daily VR use on children’s visual functioning, balance and vestibular
functioning, visuomotor coordination, inhibitory control, and
subjective discomfort. In the current study, children aged
10–12 years engaged in 60 min of VR play across four
consecutive days and completed a battery of assessments at three
timepoints: before VR gaming (baseline), immediately after VR
gaming (post VR), and up to 24 h after VR gaming (no VR). We
focused on the ages 10–12 years for its developmental importance
and because this age is the youngest age group for which VR use is
appropriate per manufacturer guidelines (Meta, 2024a). Specifically,
the 10- to- 12-year-old age group represents a developmentally
significant cohort where ongoing maturation of visual, motor, and
cognitive systems may intersect uniquely with the demands of VR
technology. Studying this population not only aligns with safety
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guidelines but also addresses critical questions about how immersive
environments may interact with developmental trajectories during a
sensitive period of growth and increasing technological engagement.

Based on findings from previous studies (e.g., Rauschenberger
and Barakat, 2020; Tychsen and Foeller, 2020), we expect not to find
any clinically significant changes in children’s visual functioning,
balance and vestibular functioning, and VIMS (as measured by the
SSQ). Additionally, we expect to replicate clinically nonsignificant
findings by Rauschenberger and Barakat (2020) related to
visuomotor coordination. Lastly, we predict that VR use will not
have negative effects on children’s musculoskeletal discomfort or
inhibitory control. While research on inhibitory control and VR use
is limited, current recommendations limit screen time for children
aged 8–14 years to one to 2 hours per day (National Center for
Chronic Disease Prevention and Health Promotion, 2016a); since
VR use in the present study will not exceed this recommendation, we
do not expect negative effects of VR use children’s
inhibitory control.

It should be noted that, although we do not expect negative
effects of VR use on children’s health and safety, the present study
affords an opportunity to contribute relevant insights into a growing
body of literature on children’s VR use and wellbeing (e.g., Sobel,
2019; Bailey and Bailenson, 2017). Additionally, new VR technology
(i.e., hardware and software) raises questions regarding the extent to
which findings from previous research that employed older or
different HMDs may be generalizable to new VR technology.
Thus, findings from the present study may provide additional
and converging evidence for the lack of negative health and
safety effects of VR use on children’s development, thereby
contributing to the growth of established scientific consensus on
this topic. As children’s VR use increases, both at home and in
educational settings, understanding the potential impacts, if any, is
critical (Rideout et al., 2021).

The present study advances prior research by addressing several
key limitations in existing literature. Unlike earlier studies that relied
on outdated head-mounted displays, this study employs updated VR
technology appropriate for children aged 10 years and above.
Additionally, this is the first study to incorporate a direct
assessment of executive functioning, specifically inhibitory
control, providing novel insights into cognitive domains
previously unexamined in VR safety research involving youth.
These methodological advancements position the current
research to contribute a modern, comprehensive evaluation of
VR’s short-term effects on developing children.

Materials and methods

Participants and eligibility criteria

The study sample was comprised of 32 males and 18 females.
The greater percentage of males in the sample may reflect the gender
bias in gaming engagement documented in the literature (e.g.,
Fromme, 2003). The fifty participants in this study were 10 years
old (40%), 11 years old (36%), and 12 years old (24%) children. The
mean age was 10.84 (SD = 0.79). 72% of the sample was Black/
African American, 12% were Hispanic/Latino, 8% were Caucasian,
and 4% were mixed race. Prior to study participation, participants

read and signed an assent form, and their accompanying parent or
legal guardian signed a consent form on their behalf. All study
procedures were approved by an Institutional Review Board.

The target sample size of 50 participants was determined based
on several considerations, including alignment with prior research
in pediatric VR studies, the statistical power required to detect
meaningful effects, and practical constraints associated with
conducting comprehensive, multi-day assessments in a controlled
environment.

Eligible participants were naïve VR users, defined as having no
history of regular VR use and no more than 1 hour of VR use in the
last 90 days preceding study participation. Additional inclusion
criteria were as follows: normal or corrected-to-normal vision;
interpupillary distance (IPD) between 57.5 and 70 mm (based on
the minimum and maximum mechanical lens spacing in the VR
headset with a slightly lower bound due to accommodation, Meta, n.
d.); stereoacuity of 400 s of arc or better (i.e., upper limit of the
standard animal Randot stereo test used for children, Hahn et al.,
2010); no history of strabismus, amblyopia, or correction for eye
misalignment; no current use of heart, anxiety, or depression
medications.

Visual acuity and stereoacuity were assessed onsite by a licensed
optometrist prior to participation. To ensure that participants had
normal or corrected-to-normal vision, a Nidek ARK-530A
autorefractor was used to assess if the spherical equivalent was
within −0.5 to +1.0 diopters (D). If the spherical equivalent refractive
error was narrowly outside this margin, a Reichert phoropter was
used to determine prescription correction; participants qualified if
the spherical equivalent was within −0.5 to +1.0 D. If a participant
wore glasses, the optometrist assessed whether the participant’s
current prescription was within −0.5 to +1.0 D of the presently
required correction to achieve 20/20 vision. Stereoacuity was
measured by the Randot Stereotest. Eye alignment was assessed
by cover-uncover and alternate-cover testing as the child viewed an
accommodative target at arm’s length.

Study design

The study design consisted of a 5-day study during which
participants spent 1 hour using a VR device for four consecutive
days; there was no VR usage on day 5. To accommodate
participant availability and scheduling, participants were
enrolled in either Block 1 or Block 2 of the design.
Participants in Block 1 completed the study on weekdays,
Monday through Friday, with approximately 24 h between
study sessions, whereas participants in Block 2 completed the
study from Tuesday through Saturday, with approximately 24 h
between study sessions on days 1–3 and approximately 12–19 h
between study sessions on days 4 and 5. Block design was
analyzed as a potential confounding factor in the current
study (see Data Analysis).

All participants completed a battery of assessments at three time
points: on day 1 before any VR use, day 4 immediately after VR use,
and day 5 after a 12-to-24-h break from VR use. The length of time
that elapsed between day 4 and day 5 assessments determined the
length of the break from VR use, which in turn depended on
scheduling and participant availability. The battery of
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assessments comprised a series of tasks to measure visual/ocular
functioning, postural balance, depth perception, hand-eye
coordination, inhibitory control, and subjective comfort. All
measures in the battery are described in detail below.

The VR device used in the present study was aMeta Quest 3. Ten
games were preloaded into the VR devices, including Bait, Bonfire,
Color Space, Curious Tale of the Stolen Pets, First Contact- Nature
Treks, Ocean Right, Star Chart, Tilt Brush, Titans of Space, and
Wonderglade. In the first study session, participants were instructed
to engage in all games available on their VR device at least once,
otherwise participants were free to choose which content they
wanted to play throughout the study sessions. Participants were
instructed to remain seated during VR gameplay and were
monitored at all times by a study moderator. In addition,
participants were instructed to take a 10-min break after 30 min
of VR usage. During this 10-min break, participants completed a
series of guided neck stretches and were restricted from viewing any
displays (e.g., cell phone).

Measures

The measures utilized in this study were selected to
comprehensively assess domains where VR use may plausibly

impact children’s physical health, cognitive functioning, and
subjective wellbeing. These domains were identified based on
existing literature, known physiological responses to immersive
technologies, developmental considerations, and gaps in prior
research on pediatric VR use. The battery of measures utilized in
the present study, and how/when they were administered, are
summarized in Table 1.

Visual functioning

VR headsets present unique visual demands due to prolonged
near-field viewing, fixed focal distances, and stereoscopic imagery,
which may challenge the normal coordination between
accommodation and vergence. Given that children’s visual
systems are still maturing during late childhood, we prioritized a
range of ophthalmological assessments—such as acuity,
stereoacuity, phoria (AC/A ratio), accommodative facility, and
vergence facility—to detect subtle disruptions in focus, depth
perception, and binocular vision. These measures have been
studied in previous work (e.g., Kozulin et al., 2009;
Rauschenberger and Barakat, 2020; Tychsen and Foeller, 2020)
due to theoretical concerns regarding visual fatigue and strain
following VR use among youth.

TABLE 1 Battery of study measures and when they were completed by participants.

Day 1 (Baseline) Day 2-3 Day 4 Day 5

Pre-VR Post-VR Post-VR Post-VR No VR

Ocular/visual functioning

Acuity x x x

Phoria (AC/A ratio) x x x

Stereoacuity x x x

Accommodative and vergence facility x x x

Visuomotor coordination

Near-depth perception (Skewer task) x x x

Far-depth perception (Bean bag toss) x x x

Balance

Postural stabilitya x x
x

x

Psychological functioning

Inhibitory control (Flanker task) x x x

Subjective discomfort measures

SSQb x x x x x

MISCc x x x x x

Eye strain x x x x x

Ergonomics x x x x x

aPostural stability was measured twice on day 4 (immediately after VR, use and after a brief break).
bSimulator Sickness Questionnaire.
cMisery Scale.
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Acuity, phoria (AC/A ratio), stereoacuity, accommodative
facility, and vergence facility were assessed on site by a licensed
optometrist. Near and far-field visual acuity was measured without
the participant’s prescription (if applicable). Far-field acuity was
assessed using a Snellen Eye Chart at a distance of 10 feet in front of
the participant. Near-Field acuity was measured using a Jaeger near-
point reading card, placed 40 cm in front of the participant. Visual
acuity was evaluated monocularly for both eyes.

Stereoacuity was assessed using a Stereo Optical stereovision test
(Stereo Optical Inc, Chicago, Illinois, United States). Wearing
polarized glasses, participants viewed a three-dimensional image
of a butterfly and were asked to “pinch the wings” of the butterfly
depicted in the image to verify stereoacuity. Participants then viewed
a display of nine sets of four concentric-circle targets. One target in
each set “pops out” from the page. The disparity of the targets varied
from 800 (most easy to perceive) to 40 (most difficult to perceive)
seconds of arc. Participants were asked to identify the target in each
of the nine displays. Only subjects with a stereoacuity of at least 400 s
of arc were eligible to participate in this study.

Phoria (AC/A ratio) was measured using the alternating cover
test with prism neutralization. During this procedure, the examiner
covers one eye of the participant and neutralizes any deviation in the
uncovered eye using a prism bar. Measurements were taken at both
near (47 cm) and far (clinical infinity) distances. AC/A ratio was
calculated using the heterophoria method.

Accommodative facility is measured by having participants read
2-point-font letters through a pair of +2/-2 flippers and only
respond once each letter was clear. The number of flips from
+2D to -2D was recorded for a period of 30 s and then
multiplied by two to yield the standard per-minute rate.

Vergence facility was measured with 12D base-out and 3D base-
in, whereby participants were instructed to report alphanumeric
characters presented at near distance in a 2-point font as soon as
they successfully fuse the initial double images into a single image.
The number of flips was recorded for a period of 30 s and then
multiplied by two to yield the standard per-minute rate.

Visual/ocular assessments were administered at three time
points: on day 1 (before VR use), day 4 (after four consecutive
days of VR use), and day 5 (after a break from VR use).

Postural balance and vestibular functioning

Immersive VR environments may create sensory conflicts
between visual input and vestibular or proprioceptive feedback,
potentially leading to temporary impairments in balance or
spatial orientation. As children are still refining postural control
during this developmental stage, measuring postural sway under
various sensory conditions (e.g., eyes open/closed, stable/unstable
surfaces) was critical to assess whether VR exposure might
transiently disrupt balance or vestibular integration. These
metrics are particularly relevant given concerns about motion-
induced instability and fall risk after VR sessions.

Postural stability was recorded using an Otometric ICS Balance
Platform (Whitney and Wrisley, 2004). A participant’s postural
stability was measured in four separate conditions with their eyes
either open or closed and either standing with or without a cushion
placed on top of the balance platform. Thus, four conditions were:

eyes open/no cushion, eyes closed/no cushion, eyes open/cushion,
and eyes closed/cushion, and were completed in that order at each
time point. During each measurement, participants were instructed
to fixate on an “X” on the wall (eyes open condition only), stand as
still as possible, with their arms crossed over their chest, while their
postural stability was measured for 20 s. Participants repeated this
task once in each of the four conditions. Anterior-posterior sway,
lateral sway, and total sway area were the metrics of interest for
analysis. Anterior-posterior sway provided a measure of variability
in a participant’s stance along the front-back axis; lateral sway
provided a measure of variability in a participant’s stance along
the left-right axis; and total sway provided a measure of the two-
dimensional area of space that was covered by deviations in a
participant’s center of gravity. Output values from the balance
platform software were analyzed.

Postural stability was assessed at four time points: on day 1 prior
to VR use (baseline), twice on day 4 (immediately following VR use
and approximately 20 min after VR use), and on day 5 (after a break
from VR use). The measurement was administered twice on day 4 to
determine if any imbalance detected immediately after VR use might
normalize after a slight delay.

Visuomotor coordination

VR environments may alter depth cues and spatial
representations, which could impact real-world hand-eye
coordination and spatial judgment a following VR use. To
evaluate this, we included tasks targeting both near-depth
perception and far-depth spatial accuracy. These functional
assessments were selected to determine whether repeated VR
exposure affects children’s ability to coordinate visual input with
motor responses—skills essential for daily activities and safe
navigation of physical environments.

Three-dimensional spatial representation and hand-eye
coordination were assessed using two measures: the skewer-straw
task for near-depth perception and the beanbag task for far-depth
perception (Loomis et al., 1992). In the skewer-straw task,
participants inserted 25 skewers into 30 randomly oriented
straws, one at a time, and the total time to complete the task was
recorded. Performance in this task relied on dexterity, stereoacuity,
and hand-eye coordination. Participants completed a ‘practice
round’ prior to the test. The apparatus was rotated 90° after the
practice round, to prevent improvements in performance that were
due to spatial memory. It should be noted that we included a practice
round owing to previous research which suggests that participants
undergo an acclimation period when initially performing repeated
near-depth perception tasks (Long, 2003).

The beanbag toss was used tomeasure spatial representation and
hand-eye coordination in the absence of visual feedback. That is,
participants are blindfolded during this task. In the bean bag toss
task, participants were instructed to throw a small beanbag at two
targets—a “near” target positioned 15 feet in front of the participant
and a “far” target positioned 30 feet in front of the participant. The
participant stood at one end of a black rug measuring 35-feet in
length and threw the beanbag from a marked tossing line,
alternating throws between the near and far targets. The targets
were identified by a white cross positioned at the specified locations
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(15 and 30 feet) along the black rug surface. Participants had 8 throws for
each target, for a total of 16 throws completed at each timemeasurement.
Participants were blindfolded during throws but encouraged to view the
target between throws to establish target distance before blindfolding
again. To avoid providing participants with visual feedback on their
performance, participants were not allowed to look at the location
where the bean bag landed after each throw. To accommodate this, the
experimenter used a piece of black Velcro to mark the location of the
beanbag on the black rug after each throw and while the participant
was still blind folded. The experimentermeasured the vertical distance
between the location of the beanbag and the location of the intended
target. The outcome measurement in this task was the average vertical
distance (in inches) between the beanbag location and the intended
target (average across 8 trials per target).

These tasks were administered at three time points: on day 1
(before VR use), day 4 (after four consecutive days of VR use), and
day 5 (after a break from VR use).

Executive functioning

Executive functions, particularly visual/attentional inhibitory
control, are critical cognitive processes that continue to develop
throughout adolescence. While concerns exist that highly
stimulating VR environments could challenge self-regulation or
attentional control (Bailey and Bailenson, 2017), no prior studies
have directly assessed VR’s impact on inhibitory control in children.
This variable was included to address this research gap and to
explore whether moderate VR use influences behavioral regulation,
impulse control, or attentional focus.

The Flanker Inhibitory Control and Attention task was used to
assess attentional and visual inhibitory control. We used the version
of the Flanker task created for the National Institute of Health (NIH)
Toolbox Cognition Battery. The Flanker task tests the ability to
inhibit visual attention to irrelevant task dimensions. Participants
are required to indicate the left-right orientation of a centrally
presented stimulus while inhibiting attention to the potentially
incongruent stimuli that surround it. On each trial, a central
directional target (arrows on fish for ages 8 and older) is flanked
by similar stimuli on the left and right. The task is to indicate the
direction of the central stimulus. On congruent trials, the flankers
(i.e., distractors) face the same direction as the target. On
incongruent trials, they face the opposite direction.

A scoring algorithm integrates accuracy and reaction time and
yields four scores: computed score, age-adjustment standard score,
change sensitive score, and a national age-adjusted percentile score.
Higher scores indicate better attentional and visual inhibitory
control. There are 30 trials and the average time to complete the
task is 3 min (NIH Toolbox, 2024).

The Flanker task was administered at three time points: on day 1
(before VR use), day 4 (after four consecutive days of VR use), and
day 5 (after a break from VR use).

Subjective discomfort measures

Simulator sickness, visual fatigue, and musculoskeletal
discomfort are among the most frequently assessed side effects of

VR use across age groups (Rauschenberger and Barakat, 2020;
Tychsen and Foeller, 2020). Children may be particularly
susceptible to these effects due to ongoing sensory and physical
development. Therefore, validated self-report measures were
incorporated to capture participants’ subjective experiences. The
selected measures ensure that even subclinical symptoms, which
may not manifest in functional impairments but could affect user
wellbeing, are systematically evaluated.

Subjective discomfort was assessed using the Simulator Sickness
Questionnaire (SSQ; Kennedy et al., 1993), which comprises three
subscales: nausea, oculomotor discomfort, and disorientation. The
SSQ contains 16 items, including eye strain, fatigue, sweating, etc.,
and participants indicate the extent to which participants are
currently experiencing each symptom on a scale of 0 (“None”) to
3 (“Severe”). These numeric responses are summed and weighted
separately for each of the subscales.

Eye strain was additionally assessed via a single question, “How
annoyed are you with eye strain? Example symptoms include tired
or heavy eyes, soreness.” Participants responded on 5-point scale: (1)
“Not an issue at all; ” (2) “Noticeable, but not annoying; ” (3)
“Noticeable, and slightly annoying; ” 4) “Noticeable, and moderately
annoying; ” (5) “Noticeable, and very annoying.”

Subjective misery was assessed with the so-called Misery Scale
(MISC; Bos et al., 2005; Bos, 2015), which is a one-item assessment
where participants are asked, “Are you experiencing any uneasiness,
dizziness, or nausea?” and provide a response on an 11-point discomfort
rating scale that ranges from0 (“Noproblems”) to 10 (“Vomiting”), with
the midpoint on the scale indicating feelings of nausea.

Lastly, for specific body parts, including face, head, neck, hands,
arms, and shoulders, participants were asked if they felt any
tiredness or soreness (binary yes/no response). For any part that
a participant indicated feeling tiredness or soreness, a follow-up
question probed the participant to indicate the level tiredness/
soreness they felt in that body part using a 5-point Likert scale
from 1 (“Little bit sore or tired”) to 5 (“Most sore or tired”), with
each response option modified to include Wong-Baker faces for
simplification (Garra et al., 2010; 2013).

These self-report assessments were administered at three time
points: on day 1 (before VR use), day 4 (after four consecutive days
of VR use), and day 5 (after a break from VR use).

Data Analysis

We examined baseline measurements for differences across the
three age groups represented in the study sample. Moreover, given the
participant block design and associated variability in the length of time
that elapsed between participants’ day 4 and day 5 measurements, we
examined day 5 measurements for any differences as a function of
block. If means on any outcome of interest varied as a function of age
or block, age and/or block were included as covariate(s) in all
subsequent analyses. All data were analyzed using repeated
measures analysis of variance (ANOVA) that compared the
baseline measurements (day 1) to the measurements taken
immediately after VR use on day 4, and after a break from VR use
on day 5. If ANOVA indicated differences in mean scores across each
time point, post-hoc t-tests with Bonferroni adjustment were
conducted to compare means between days. All analyses were
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conducted in Python. Specifically, ANOVAs were carried out using
the pingouin library in Python, which computes Mauchly’s test of
sphericity to determine whether the p-values need correction and
calculates Greenhouse-Geisser corrected p-values.

Results

There were no statistically significant differences in any of the
baseline measurements as a function of age. Likewise, there were no
statistically significant differences in any of the day 5 measurements
as a function of participant block. Based on these initial analyses, no
covariates were included in the main analyses. The results of the
main analyses are summarized in detail below. In each figure
presented, the error bars represent standard error of the mean.

Visual functioning

Table 2 provides descriptive statistics and ANOVA results for each
of the ophthalmological outcomes. There were no significant

differences in any of the ophthalmological measurements, except for
accommodative facility, across the three measurement time points: day
1 (baseline), day 4 (post VR use), and day 5 (after break from VR use).
Accommodative facility values differed significantly across time points,
F (2, 98) = 12.99, p < 0.001. There was a slight increase in recorded
accommodative facility values across measurements (see Figure 1). This
difference was not significant between day 1 (baseline) and day 4 (post
VR use), t (49) = −2.27, p = 0.083. Accommodative facility values were
significantly higher on day 5 (after break from VR use) compared to
baseline, t (49) = −5.46, p < 0.0001. The mean accommodative facility
value for the sample was 13.10 on day 5 compared to 11.24 at baseline.

Balance and vestibular functioning

There was no indication of systematic or pervasive changes in
postural stability metrics across time, as illustrated in Figures 2A–C. Of
the 36 planned comparisons that were made—i.e., three time point
comparisons (baseline compared to the three post measurements) for
each combination of three balancemetrics in four conditions—only two
of the comparisons were found to be statistically significant. Specifically,
there were significant differences in average total sway area between
baseline and post-tests during the eyes open/no cushion condition only,
F (3, 144) = 5.50, p < 0.01 (see Figure 2A). Total sway was higher at the
first post-VR measurement on day 4 compared to baseline, t
(48) = −3.03, p < 0.05, indicating an increase in postural instability.
However, this change in total sway was not significant at the second
post-VR measurement, t (48) = −2.54, p = 0.087. Total sway was also
significantly higher on day 5 compared to baseline, t (48) = −3.45, p <
0.01. There were no changes across the study period in lateral sway (see
Figure 2B) or anterior-posterior sway (see Figure 2C).

Visuomotor coordination

In the skewer straw task, there were no significant differences in
average completion times across study days, F (2, 98) = 0.36, p> 0.05 (see
Figure 3). In the bean bag toss, there were no significant differences in
average distances from the near target across study days, F (2, 98) = 1.10,

FIGURE 1
Differences in mean accommodative facility across time
measurements. Note: +p < 0.10; ***p < 0.001; error bars represent
standard error of the mean.

TABLE 2 Means, standard deviations, and significance test results for ophthalmological measures.

Day 1 – Baseline M (SD) Day 4 – Post VR M (SD) Day 5 – No VR M (SD) Significance tests

Near Acuity

Right eye 0.45 (0.27) 0.44 (0.24) 0.42 (0.20) NS

Left eye 0.45 (0.27) 0.44 (0.22) 0.41 (0.18) NS

Far Acuity

Right eye 20.60 (1.64) 20.80 (2.11) 21.40 (3.36) NS

Left eye 20.30 (1.20) 21.20 (4.47) 21.00 (3.19) NS

Stereovision 42.60 (9.44) 40.60 (3.14) 43.20 (14.35) NS

AC/A Ratio 5.82 (0.66) 5.76 (0.54) 5.75 (0.56) NS

Accommodative Facility 11.24 (3.54) 12.18 (3.55) 13.10 (2.85)a F (2, 98) = 12.99, p < 0.001

Vergence Facility 14.10 (3.05) 14.71 (2.90) 14.34 (2.29) NS

Note: NS, not significant.
aMean is significantly different from baseline.
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p > 0.05. However, there were significant differences in the average
distance from the far target across days, F (2, 98) = 6.14, p < 0.01. Post-
hoc tests revealed significant increases in distance from the far target on
day 4 compared to baseline, t (49) = −3.06, p < 0.05, as well as on day
5 compared to baseline, t (49) = −2.59, p < 0.05. Results from the
beanbag toss are illustrated in Figures 4A,B.

Executive functioning

The NIH Toolbox provides four metrics to characterize
performance in the Flanker task for attentional and visual

inhibitory control including a computed score, an age-adjusted
standard score, a change sensitive score, and a national age-
adjusted percentile (see Figures 5A–D). Mean scores, including
computed scores, change sensitive scores, and age-adjusted
standard scores, were significantly higher at post measurements
(day 4 and day 5) compared to baseline, all p’s < 0.05. These results
suggest the participants’ task performance generally improved with
time. The national age-adjusted percentile was marginally higher on
day 5 compared to baseline (see Figure 5D).

Subjective comfort outcomes

Figure 6A illustrates the mean scores across time measurements
for self-reported SSQ, eye strain, and misery. The scores for the three
subscales of the SSQ—nausea, oculomotor discomfort, and
disorientation—decreased numerically from day 1 (baseline) to
day 4 (post VR use) and day 5 (after break from VR use), but
such change did not reach statistically significance (all p’s > 0.05). A
total SSQ score was also calculated and there were no differences in
total mean scores across the study period, p > 0.05.

There was a numerical increase in self-reported eye strain from
baseline to day 4 and day 5, but this increase was not statistically
significant (p > 0.05; see Figure 6B). The maximum score possible in
the eye strain measure is 5 and the highest score reported in the
current sample was 3 (“noticeable, and slightly annoying”), reported
by a single child. Likewise, there was a numerical increase in self-
reported misery from baseline to day 4, and a decrease by day 5, but
such changeswere not statistically significant (p> 0.05; see Figure 6C).

Table 3 shows the number of participant endorsements for any
soreness or tiredness in various body parts at each time
measurement. The count of endorsements represented in each
column is not mutually exclusive. A total of 11 unique
participants reported soreness/tiredness in at least one body part
during the study period. On day 1, two unique participants reported
soreness/tiredness on the head, arms, and shoulders. On day 4, ten
unique participants reported soreness/tiredness in different body
parts except the head. On day 5, there were no participants who
reported any bodily soreness/tiredness.

FIGURE 3
Mean completion time in the Skewer Straw Task across time
measurements. Note: Error bars represent standard error of themean.

FIGURE 2
Three measures of postural balance (A) total sway area (B) lateral
sway, and (C) anterior-posterior sway), across four different
conditions, averaged across participants for each time measurement.
Two post measures (Post VR 1 and Post VR 2) were taken 20 min
apart on day 4 to evaluate whether any potential effects dissipated by
the second post VR measurement. Note: A-P = Anterior-Posterior;
*p < 0.05; **p < 0.01; error bars represent standard error of the mean.
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Discussion

The present study examined the effects of moderate and
repeated use of VR, operationalized as 60 min of daily VR
immersion for four consecutive days, on children ages
10 through 12 years. Results from a battery of measures designed
to detect the potential presence of adverse effects on vision, postural
stability, hand-eye coordination, subjective discomfort, and
attentional and visual inhibitory control suggest that health or
safety consequences are unlikely to occur from moderate use of
VR in 10-to-12-year-old children.

Beyond replicating prior findings related to visual, postural, and
motor outcomes, this study introduces several methodological
innovations that expand the field’s understanding of pediatric VR
use. The use of next-generation VR hardware allows for more relevant
assessments of contemporary VR experiences, addressing
concerns about the generalizability of findings from studies using
older technology. The inclusion of executive function
measures—specifically inhibitory control of the visual
system—broadens the scope of VR safety research to encompass
cognitive self-regulation, a critical developmental domain previously
overlooked. Additionally, the multi-day exposure design, reflective of
reasonable at-home VR engagement, offers a more realistic evaluation
of cumulative short-term effects compared to single-session

paradigms. These contributions collectively ensure that the present
study not only confirms but also extends prior work, providing an
updated, evidence-based guidance on VR use in children.

Visual functioning

Consistent with previous work demonstrating that changes in
visual functioning as a result of VR use are clinically nonsignificant
(Rauschenberger and Barakat, 2020; Tychsen and Foeller, 2020), we
expected that ophthalmological outcomes (acuity, phoria,
stereoacuity, accommodative facility, vergence facility, and near-
and far-field visual acuity) would not differ as a function of VR use
across time points (i.e., between day 1 at baseline, day 4 post VR use,
and day 5 after break from VR use). ANOVA results for each of the
ophthalmological outcomes provided support for our hypotheses,
with the exception of accommodative facility, which were
significantly higher on day 5 after a break from VR use
compared to day 1 baseline.

Despite the statistically significant difference in accommodation
facility between day 1 and day 5, the scale of these changes is within a
normative range (22.6 ± 221.7 cpm, Kȩdzia et al., 1999; Zellers et al.,
1984). Further, recent research has shown that accommodation
facility for this age group can vary greatly on an hourly basis
(varying within 3 diopters from morning to afternoon in children
between 10 and 19 years old, Park et al., 2019), something that does
not occur to the same degree in adults. In addition, Rauschenberger
and Barakat (2020) reported similar, but clinically insignificant
improvements in performance.

It should be noted that our results, and those reported by
Rauschenberger and Barakat (2020) and Tychsen and Foeller,
2020, are inconsistent with results reported by Kozulin and
colleagues (2009). Kozulin and colleagues (2009) observed
reductions in 5- to 16-year-olds near visual acuity after they
engaged in 30- or 80-min HMD viewing sessions–a finding the
authors note warranted additional research. It is possible that these
differences emerged owing to differences in HMD screen resolution
across studies. Kozulin and colleagues (2009) report that the HMD
used in their study had a resolution of 320x240 pixels, which the
authors suggest is a Snellen equivalent of 6/11, whereas the
resolution of the device used in the present study is 2064 ×
2,208 per eye (Meta, 2024b). Thus, it is possible that higher
resolution screens are less likely to lead to decreases in near
visual acuity; however, more research is needed to support this
claim. Taken together, the results of the present study contribute to
providing converging evidence for the clinically nonsignificant
impact of VR use on 10- to 12-year-olds visual functioning.

Balance and vestibular functioning

Based on prior research indicating that VR use does not
significantly impact children’s postural stability (Rauschenberger
and Barakat, 2020; Tychsen and Foeller, 2020), we predicted that
participants’ postural stability would not differ as a function of VR
use across time points. Postural stability was measured in four
conditions (listed in order of lowest to highest expected
difficulty): eyes open/no cushion, eyes closed/no cushion, eyes

FIGURE 4
Average distance from near (A) and far (B) targets across time
measurements. *p < 0.05; Error bars represent standard error of
the mean.
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open/cushion, and eyes closed/cushion and measurements were
produced for anterior-posterior sway, lateral sway, and total sway
area. Results indicated that total sway area was higher in the eyes
open/no cushion condition immediately after VR use on day 4 relative
to baseline. However, this increase in total sway normalized or
resolved after a 20-min delay, suggesting no prolonged effects of
VR use on postural stability. The increase in total sway observed on
day 5 (after a break from VR use), compared to baseline, is
unexpected. We speculate that it may be related to the balance
measurement being the first assessment completed when children
returned to the study on day 5. Childrenmay have arrived at the study
site excited, having associated the space with VR play. Such excitatory
state would be expected to affect balance performance. Interestingly,
the average total sway area during the eyes open/no cushion condition
was numerically similar to values reported by Rauschenberger and
Barakat (2020). Overall, the results in the present study provide
support for our hypotheses and build on findings from
Rauschenberger and Barakat (2020) and Tychsen and Foeller, 2020
in demonstrating that VR use does not impose meaningful impacts on
children’s postural stability and risks to children’s balance functioning
immediately following after VR use are negligible.

Visuomotor coordination

Rauschenberger and Barakat (2020) found that children’s spatial
representation abilities and hand-eye coordination did not differ as a
function of VR use; however, it should be noted that the HMDs used
by Rauschenberger and Barakat (2020) differed in terms of both

hardware and software from those used in the current study. Based
on these findings, we predicted that children in the present study
would demonstrate spatial representation abilities and hand-eye
coordination behavior that was not adversely impacted by VR use
while remaining attentive to the goal of discovering any differential
findings, should they occur, owing to hardware and software
differences. In the task that assessed children’s near-depth
perception, no significant differences emerged, thereby
corroborating the results found by Rauschenberger and Barakat
(2020) and suggesting that there exists some stability in near-depth
perception impacts across varying HMDs. In the task that assessed
children’s far-depth perception, ANOVA and post-hoc t-test results
revealed that children tended to throw bean bags such that they
landed further from the target on day 4 (post VR use) and day 5
(after a break from VR use) relative to baseline. On the one hand,
these results may suggest that children’s spatial representation
abilities, and more specifically, their ability to engage in distance
depth judgments were distorted by cumulative VR use. However,
previous research suggests that tasks used to assess distance depth
judgments may be subject to artifacts related to task repetition. For
example, Rauschenberger and Barakat (2020) also found that
participants tended to have higher distance judgments for both
near and far targets after a 24-h break from daily VR use.

Executive functioning

Chen et al. (2023) suggest that prolonged screen time may
adversely impact children’s neuropsychological development,

FIGURE 5
Mean (A) Computer Score (B) Age Adjusted Standard Score (C) Change Sensitive Score, and (D) National Age Adjusted Percentile, on the Flanker
Inhibitory Control Task across time measurements. Note: *p < 0.05; **p < 0.01; +p < 0.10; error bars represent standard error of the mean.
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which may then in turn impact children’s attenional and visual
inhibitory control functioning. However, given that VR use
durations in the present study aligned with recommendations
current recommendations for screen time limits of one to
2 hours per day for children aged 8–14 years (National Center
for Chronic Disease Prevention and Health Promotion, 2016b), we

hypothesized that VR use in the present study would not adversely
impact children’s attentional and visual inhibitory control
behaviors. The results showed that computed scores, change
sensitive scores, and age-adjusted standard scores were
significantly higher at day 4 and day 5 relative to day 1 baseline
measurements. No other results were statistically significant. The
monotonic increases in participants’ scores (See Figure 5) and the
lack of significant differences between day 4 post VR and day
5 without VR scores are suggestive of practice effects. The
present study is the first to explore the notion that VR use may
impact children’s attentional and visual inhibitory control. Overall,
our results indicate that moderate and sustained VR use (i.e., 60-min
VR sessions over a period of 4 days) do not deplete children’s ability
to suppress or regulate habitual or impulsive responses.

Subjective discomfort

In line with previous research by Rauschenberger and
Barakat (2020) and Tychsen and Foeller, 2020, we
hypothesized that VR use would not lead to clinically
significant changes in VIMS, visual discomfort, or
musculoskeletal discomfort. Results derived from VIMS
metrics, the SSQ and MISC, provide evidence in support of
our hypothesis such that no statistically significant differences
in self-reported discomfort emerged cross the study period.
Participants’ reports of subjective eye strain also provided
support for our hypotheses in that subjective eye strain did
not differ significantly across time points. Across the course of
the study, 22% of participants endorsed soreness or tiredness on
one or more body part; however, the magnitude of such soreness
remained relatively low. Furthermore, no participants wished to
end the VR session early. Overall, the results from the present
study demonstrate a lack of significant findings related to VIMS
and subjective eye strain paired with numerical assessments
of low incidence of participant musculoskeletal discomfort
and study termination (i.e., participant drop out). Our
findings demonstrate that moderate and sustained use is
unlikely to lead to clinically significant impacts on
children’s comfort.

Strengths, considerations, and future
directions

The present research is the first to suggest that repeated VR use
over four consecutive days does not adversely impact 10- to 12-
year-olds attentional and visual inhibitory control. Additionally,
this work contributes further insights to a growing body of
scientific research on the potential effects of VR on children’s
vision, postural stability, depth perception and hand-eye
coordination, and subjective discomfort. Notably, our results
mostly corroborate previous findings, with the exception of
discrepancies related to far-depth perception, reported by
Rauschenberger and Barakat (2020) and Tychsen and
Foeller, 2020.

It should be noted that some features of the present study
impose limitations regarding the generalizability of the results.

FIGURE 6
Mean self-report discomfort scores based on (A) simulator
sickness questionnaire (SSQ) (B) eye strain scale, and (C) misery scale
at each time measurement. Note: Error bars represent standard error
of the mean. The maximum possible scores for each measure or
subscale is as follows—Nausea: 200.24; Oculomotor: 159.18;
Disorientation: 292.32; Eye Strain: 10; Misery: 5.
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Specifically, the present study was conducted within a controlled
laboratory setting and VR play was limited to 60 min per day for
4 days, with a 10-min break halfway through each play session.
Given that children who live in a household with access to a VR
headset may engage in VR gameplay for longer periods of time, in
terms of session length, number of sessions per day, and/or
number of consecutive days that VR is used, generalizing the
results of the present study to such use cases should be done with
caution. It is possible that longer, more frequent VR use may yield
a different pattern of results. Additionally, the VR games utilized
in the present study were stationary and only required passive
involvement from the player. Engagement with other types of
games may offer different physical and/or cognitive benefits and
challenges for children, and thus may yield a different pattern of
results. The results of this study should not be generalized across
all VR content types, especially those requiring more vigorous or
physically demanding interaction. While the assessments were
conducted up to 24 h after the final VR session, the study did not
evaluate potential long-term effects or cumulative impacts beyond
this point. Moreover, although validated tools were used, some
measures (e.g., subject discomfort scales, postural sway metrics)
may not capture nuanced or transient changes, especially if
children underreport symptoms due to excitement or novelty
effects associated with VR gameplay. Since participants were
limited to VR-naïve users that fit within a specific
interpupillary distance and vision criteria, the results of the
current study cannot be generalized to other pediatric
populations such as children with prior VR experience or those
with pre-existing visual or neurological conditions. To address
these limitations, future research should explore long-term VR
use, incorporate a wider range of VR content, and assess variable
naturalistic usage patterns.

Two findings from the present study provide viable avenues for
future research. Our findings regarding increased near target
distance judgment when participants completed the far-depth
perception task are incongruent with previous research by
Rauschenberger and Barakat (2020) and raise questions regarding
the extent to which the task elicited a study artifact (i.e., repetition
effect) or children’s far-depth perception is impacted by sustained
VR use when judging the distance of near targets. More research is
needed to clarify these results. The second finding that invites future
research is regarding children’s attentional visual inhibitory control.

In the present study, we investigated one of several aspects of
executive functioning. Although the results in the present study
do not demonstrate any negative effects of VR use on children’s
ability to appropriately attend to task relevant stimuli and exhibit
inhibitory control, our results do not necessarily speak to the extent
to which, if at all, other aspects of executive functionmay be affected.
Given previous research demonstrating positive associations
between exergaming and executive functioning skills, additional
research is needed to explore the potential effects of VR use on
different constructs of executive functioning (Best andMiller, 2010).

Conclusion

The present study contributes novel insights into the growing
body of evidence regarding the physical and cognitive impacts of VR
use on children, and to a growing body of literature demonstrating
that repeated VR use is unlikely to have clinically meaningful effects
on children’s vision, postural stability, three-dimensional spatial
representation and hand-eye coordination, and subjective comfort.
Moreover, the present study is the first to investigate the effects of
VR use on children’s attentional and visual inhibitory control and to
suggest that, similarly, VR use does not negatively impact this
important aspect of executive functioning. The current study
results indicate that 10- to 12-year-olds’ moderate VR use may
be relatively low risk, having no adverse effects on some aspects of
physical and cognitive functioning and wellbeing.
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