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Abstract

Background: This review explores virtual reality (VR) and exercise smulator—based interventions for individuals with
attention-deficit/hyperactivity disorder (ADHD). Past research indicates that both VR and simul ator-based interventions enhance
cognitive functions, such as executive function and memory, though their impacts on attention vary.

Objective: This study aimed to contribute to the ongoing scientific discourse on integrating technology-driven interventions
into the management and evaluation of ADHD. It specifically seeks to consolidate findings on how VR and exercise simulators
may support individuals with ADHD, acknowledging associated challenges and implications inherent in both technological
approaches.

Methods: This research looks at existing literature to examine the potentia efficacy of VR and exercise simulator—based
interventions for individuals with ADHD. It evaluates the capacity of these interventions to address specific challenges along
with an emphasis on the adjustments for accommodating unique user behaviors. Additionally, it underscoresthe limited exploration
of user perceptions of exercise simulator—based interventions and the underval ued role of motor function in both ADHD assessment
and symptom management.

Results:  The findings of this scoping review revea that, while these interventions enhance user motivation and enjoyment,
certain challenges resist modification through technology. Furthermore, this study explores the intricate complexities involved
in customizing these technol ogies to accommaodate the diverse aspects of user behavior and highlights the potential limitations
in the use of VR.

Conclusions: This scoping review contributes to the ongoing research on enhancing interventions to support individuals with
ADHD. It advocates for partici pant-centric approachesthat aim to optimize both cognitive and motor outcomeswhile prioritizing
the enhancement of user experiences. This study emphasi zes the need for acomprehensive approach to interventions, recognizing
the relationship between cognitive and motor abilities, and calls for improving technological interventions to address the varied
needs of individuals with ADHD.

(IMIR Serious Games 2025;13:€57297) doi: 10.2196/57297
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) continues to
be a prevalent neurodevelopmental condition, marked by
persistent patterns of inattention or hyperactivity-impulsivity
that interfere with an individual’s functioning and devel opment
[1]. Traditional approaches toward managing ADHD involve
a combination of therapeutic strategies and medication.
However, achieving sustained patient focus and commitment
to these treatments can be challenging. Physical activity and
exercise have been acknowledged as beneficial
nonpharmacological adjuncts to traditional ADHD therapies,
contributing to enhancing cognitive function, behavior, and
physical well-being [2]. However, it can be especially difficult
for people with ADHD to maintain consistent and interesting
physical activity due to the symptoms they face, such as
impulsivity, short attention span, and hyperactivity. Thus, there
isagrowing demand for new and captivating interventions. In
various health care sectors, inventive strategies involving the
use of exercise-based simulators and virtua reality (VR) are
being progressively examined and employed [3]. These
technological advancements provide engaging and immersive
environments, which may raise adherence and active
participation in physical activity.

In addition, it is noteworthy that the timing deficits and motor
skill impairments commonly associated with ADHD could be
addressed through these interactive interventions. Noreikaet al
[4] provided evidence suggesting that dysfunctionsin the neural
networks responsible for timing tasks are integral to ADHD,
affecting awide range of cognitive operations, including motor
timing, time perception, and tempora foresight. Therefore,
therapeutic strategiesincorporating physical activitiesfacilitated
by simulators and VR could not only capture attention but also
help improve motor proficiency and timing deficits. By
promoting movement coordination and rhythm, these
technologies might assist in reinforcing the neural circuits that
underpin time processing and motor skills, presenting a
complementary approach to traditional ADHD interventions.

Physical exercise is a key factor for children with ADHD,
playing acrucial rolein devel oping brain structure and function,
which in turn influences the developmental trajectory of the
disorder [5]. Regular participationin physical activity improves
the flow of oxygen to the brain and enhances connections
between neurons, particularly supporting development of the
frontal lobe[5,6]. Thisareaisimportant for cognitive processing
and isoften underdevel oped inindividualswith ADHD. Exercise
may improve executive functions like inhibitory control,
working memory, and cognitive flexibility, by increasing the
essential neurotransmitters dopamine and norepinephrine, which
are pivotal for attention and concentration [7]. Moreover,
physical activity enhances the processing of external
information, improves coordination, and can reduce impulsivity
and aggressive behaviors by establishing structured behavioral
patterns [8]. Without these benefits, children with ADHD risk
continued struggles with attention, learning difficulties, motor
skills deficits, and disruptive behavior, which can seriously
inhibit their cognitive and socia development [5]. Compounding
theimportance of exercise, the systematic review conducted by
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Cortese et a [9] identified a noteworthy link between obesity
and ADHD, suggesting shared underlying factors, including
dopaminergic dysregulation and oxidative stress, and
underscoring the necessity of addressing obesity riskin ADHD
management and vice versa. This association highlights the
urgency for continued research into the complex interrelations
among ADHD, exercise, obesity, and the potential long-term
effects of ADHD medications on weight, advocating for an
integrated and multifaceted approach to treatment [9]. In parallel
with this perspective, VR and exercise-based simulators have
emerged as progressive toolsin variousfields, including fitness,
health, and rehabilitation, offering new avenues for such an
approach in the management of ADHD.

VR and exercise-based simulators have grown in popularity
over the last few years, especially in various fields of fitness,
health, and rehabilitation. These innovative technologies offer
interactive and immersive environmentsthat provide userswith
multisensory feedback and real-time performancetracking. The
main purpose of these systems is to enhance user experience
while optimizing the effectiveness of physical training
interventions[10]. Whileboth VR and exercise-based smulators
aim to improve physical training outcomes, they do differ in
certain aspects. For instance, VR typically involves the use of
a VR headset that immerses users in computer-generated
environments [11]. Exercise-based simulators are advanced
physical devicesdesigned to imitate and recreate the movements
and activities associated with exercise routines or sports [12].
These sophisticated simulators aim to replicate the complex
motion, resistance, and environment of real-world exercises to
enhance skill acquisition and promote physical development.
By closely mimicking the intricacies of actual exercise
movements, these simulators provide users with a realistic
training experience that can improve their overall fitness level
[12]. Furthermore, these devices offer opportunities for
individuals to engage in targeted practice sessions that focus
on specific skills or aspects of physical performance. The
immersive nature of exercise smulators creates an optimal
setting for individual sto devel op proficiency while also enjoying
avirtual yet highly tangible workout experience [13]. Beyond
their physical benefits, these simulators are increasingly
harnessed for cognitive training, offering a diverse range of
exercises that are designed to stimulate mental processes,
enhance neuroplasticity, and contribute to cognitive
rehabilitation.

However, it is only through this extensive scoping review that
we can begin to uncover the potential effects, applications,
limitations, and future opportunities associated with these
cutting-edge technologies. Specifically, we have applied the
PICO (Population, Intervention, Comparison, Outcome)
framework to structure our research question and methodol ogy
[14]. We aim to address the following research question: In
individuals with ADHD (Population), can immersive forms of
technology (Intervention), such as VR and exercise-based
simulators (Comparison), lead to improvements in cognitive
and motor function (Outcome)? This comprehensive analysis
of the literature will explore the effectiveness, benefits, and
potential drawbacks of theseinterventions, ultimately informing
future research and clinical practice.
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Methods

Design

We performed a scoping review following the methodology
outlined in the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and M eta-Analyses Extension for Scoping
Reviews) guidelines [15]. The PRISMA-ScR checklist is
provided in Multimedia Appendix 1. The PRISMA-ScR
statement includes a 27-item checklist and a 4-phase flow
diagram to ensure transparency and complete reporting in
systematic reviews. Our protocol was drafted in accordance
with these guidelines and wasrevised by the research team. The
final protocol was registered prospectively with the Open
Science Framework on July 19, 2024 [16].

Eligibility Criteria

To beincluded in the review, papers needed to focus on the use
of VR or exercise-based simulators for managing the symptoms
of ADHD. Peer-reviewed journal papers were included if they
met the following criteria: published between 2019 and 2023;
written in English; involved human parti ci pants diagnosed with
ADHD; and described anintervention using VR, amotion-based
device, or exercise-based simulators. Studies were included if
they reported on outcomes related to cognitive and motor
functions, such as attention, inhibitory control, cognitive
flexibility, processing speed, motor skills, and physical fitness.
Quantitative, qualitative, and mixed-method studies were
considered to capture various aspects of the effectiveness of the
interventions. Papers were excluded if they did not specifically
focus on ADHD; involved nonhuman participants; or described
interventions that did not use VR, a motion-based device, or
exercise-based simulators. Studies focusing on other
neurodevelopmental disorders or specific learning disabilities
were also excluded unless they included a distinct analysis for
ADHD participants.

Information Sources

To identify potentially relevant documents, the following
bibliographic databases were searched from 2019 to April 2023:
PubMed, Scopus, PsycINFO, and Web of Science. The search
strategies were drafted and further refined through team
discussions. The fina search results were exported into
EndNote, and duplicateswere removed. The electronic database
search was supplemented by scanning relevant reviews and
referencelists of included studiesto identify additional sources.

Literature Search Strategy

Theliterature search was conducted across the foll owing major
electronic databases: PubMed, Scopus, PsycINFO, and Web of
Science. The search covered yearsfrom 2020 up until July 2023.
The search strategy employed in our review consistently
followed astructured approach. The base search string included
the population terms “ADHD” and
“attention-deficit/hyperactivity disorder,” combined with
intervention-related keywords such as “virtual reality,” “VR,”
“exercise simulator,” “exergaming,” and “serious games.” To
refine the focus on relevant outcomes, additional terms were
incorporated, including “cognitive function,” “motor skills,”
“executivefunction,” and “ physical activity.” Thissearch string
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was systematically applied across all databases to ensure
comprehensive retrieval of studies addressing the intersection
of ADHD, VR, and exercise smulator interventions. We used
Boolean operators such as“AND” to combine different concepts
(eg, exercise smulators AND VR) and “OR” to include
alternative terms (eg, ADHD OR attention-deficit/hyperactivity
disorder). Articles were included if they focused on ADHD
interventions using VR or exercise simulators. Studies were
excluded if they were not in English, focused on non-ADHD
populations, or were review articles without original data. This
comprehensive search strategy ensured athorough examination
of relevant literature.

Selection Process

To ensure arigorous and standardized selection process for the
included sources of evidence, we devel oped adetailed selection
spreadsheet. This included specific questions to evaluate the
relevance and quality of the sources, such as the focus on VR
or exercise-based simulatorsfor ADHD, type of study, reported
outcomes, and keywords. The spreadsheet wasinitially used by
1 reviewer on a random sample of 979 full-text articles. The
resultswere then discussed with another reviewer, and theform
was refined to resolve any inconsistencies and to ensure clarity.
Key changes included clarifying the criteria for inclusion and
exclusion and adding more specific questions related to the
interventions and outcomes.

To initiate the full screening process, duplicate articles were
first eliminated from consideration. Subsequently, titles and
then abstracts of potential articles underwent a thorough
assessment to exclude any irrelevant publications. Publications
were then once again crosschecked with our inclusion and
exclusion criteria. Any disagreements that arose during the
screening process were resolved through collaborative
decision-making. If the reviewers were unable to reach a
consensus, a third reviewer was brought in to help determine
the appropriate course of action. This approach ensured that all
included studies met the predefined eligibility criteria. Microsoft
Exce was used for managing and charting records during the
data charting process, while the software EndNote was used for
managing selected references and tracking records after the
eigibility stage of the flowchart.

Data Charting and Items

A datacharting form was jointly devel oped to determine which
variables to extract for the review. The initial form included
categories such as “search typed in/keyword, title,
database/search engine/top-level source, platform/publisher,
date, range of coverage from source, link, methodology,
strengths, weaknesses, data sets, data analysis, sample size,
target population and area, theory, and personal interest.” This
comprehensive set of categories was designed to capture all
relevant aspects of each source and to ensure consistency and
thoroughness in data extraction.

The data charting was conducted using Microsoft Excel, which
allowed for efficient organization and manipulation of the
extracted data. Calibration was carried out by having 2
supervisors review and provide feedback on theinitial charting
form. This feedback was used to refine the form iteratively.
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Each reviewer independently charted data from a sample set of
sourcesto identify any discrepancies or areas for improvement
intheform. The results of these independent charting exercises
werediscussed in detail, and the form was continuously updated
to address any inconsistencies and to ensure clarity and
comprehensiveness.

Three individuals were involved in the charting process: GS
served as the primary charting agent, while 2 supervisors
reviewed the charted data. The primary charting was done
independently, and the supervisors provided periodic reviews
to ensure accuracy and consistency. Any inconsistencies
identified during these reviewswere resolved through discussion
and consensus, ensuring that all data entries were accurate and
aligned with the review’s objectives.

Throughout the process, any items that required interpretation,
such as subjective assessments of strengths and weaknesses or
methodological nuances, were carefully documented. These
interpretative items were discussed among the team to reach a
consensus, ensuring that the final data entrieswere as objective
and consistent as possible.

Revisions to the charting form were made iteratively based on
thefeedback and findingsduring theinitial calibration exercises.
For instance, some categories were refined to provide clearer
definitions or to better capture the nuances of the data. The
rationale for these changes was to enhance the reliability and
validity of the data extraction process.

Sarai et d

Data Synthesis

We synthesized the range of evidence included in this review
to answer our research questions and objectives by grouping
the studies based on their intervention type: VR, motion-based
devices, and exercise-based simulators. For each group, we
summarized the study characteristics in terms of sample, focus
of the study, trials and duration, and outcomes. This structured
approach allowed us to systematically compare the various
interventions and their effectiveness.

The evidence from the included studies has been presented in
tables for clarity and ease of comparison. The tables include
columns for sample, focus of the study, trials and duration, and
outcomes, allowing for aquick visual representation of the key
aspects of each intervention type. This approach facilitates a
comprehensive understanding of the strengths, weaknesses, and
overall effectiveness of the different interventions.

Results

Included Studies

Out of the initial 994 articles that were identified, atotal of 10
were selected and re-evaluated for eligibility (Figure 1). The
research designs used in these studies included randomized
controlled trial, comparative study, pilot study, and exploratory
research study. Throughout this process, a recurring emphasis
on cognitive function and attention, as well as some aspects of
motor function, in relation to the use of both simulators and
VR, became apparent.

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.

database searching

Records Identified through
(n=979)

(n=15)

Additional Recordsidentified
through other sources

L J A J

Records After Duplicates removed
(n=887)

Records Screened for Title and

Abstract

Full-text articles assessed

Records Excluded
(n=860)

(n=27)

Studies included in review
(n=10)

VR Interventionsfor ADHD

A summary of VR interventionsfor ADHD ispresentedin Table
1. The study by Rodrigo-Yanguas et al [17] used “The Secret
Trail of Moon,” a VR game specifically designed for ADHD
treatment, comprising various mini-games aimed at enhancing
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Exclusion Reasons
Intervention Type wasn't considered
VR or Exercise simulator (5)

Study Design looked at other
populations with same symptoms (4)

« Outcome focus not aligned (2)

.

Records Excluded
(n=17)

Meta Analysis (4)
* Systematic Review (2)

cognitive functions such asinhibitory control, selective attention,
cognitiveflexibility, and processing speed. Participants reported
high levels of enjoyment, suggesting the potential of VR games
asengaging therapeutic toolsfor ADHD management. Similarly,
Bernardelli et al [18] assessed a VR-based serious game
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designed to enhance attention and cognitive skills in children
with ADHD, confirming the high feasibility and usability of
the application. This study indicates potential future

Sarai et d

improvements in attention and cognitive skills among children
with ADHD.

Table1. Summary of study traits for virtual reality.

Study Sample Focus Trialsand duration QOutcome
Rodrigo-Yan-  N=37 (all subtypesof AD- To enhance cognitive abilities ~ Single session: patientstested ~ 86% reported enjoying playing
guasetd [17],  HDA: 68% male; age: 12- Suchasinhibitory control, selec-  each mini-game aslongasde-  TSTMP game; 83% expressed
2021 22 years tive attention, cognitiveflexibili- sired within 1 session interest in continuing to play it;
ty, and processing speed 14% reported dizziness or motion
sickness
Stokes et a N=20; 90% male; age: 10 To evauatewhether environmen-  Single session; 3 blocks of Significant decrease in the time
(19], 2022 years(range 8-12years) 4 distractorsin the VRC setting  Stroop, Math, and AX-CPT9in  Spent looking at the whiteboard
would result in lower response  avirtual classroomwith 200 self-  from the pre- to postdistraction
rates during behavioral tasks paced trials each; recording re-  Period
sponses and eye movement data
Qu et a [20], N=3; 66% female; age: To test VR rehabilitation games 36 sessions, 3timesaweek for VR games helped improve atten-
2020 9.67 years designed specificaly for children 3 months; 40 minutes per ses- tion, impulse control, and defi-
with ADHD sion, divided into four 10-minute ance in ADHD rehabilitation
game sessions with 5-minute
breaks
Bernardellietal The panel involved inthis TodevelopandtestaVR serious  Single 30-minute session; task ~ The study confirmed the feasibil-
[18], 2021 study consisted of 4 ex- game for children with ADHD  completion times vary by the ity of the VR application for re-
pertswho all specialized game level mote performance validation and
in bioengineering provided input for possiblefuture
improvements
Wiebe et d N=32; 65.63% female; Feasibility study of VRforassesss  Only 2 sessions; each of these ~ Showed thefeasibility of thevir-
[21], 2023 age: 23.03 years ing attention, impulsivity, and sessionsor blockshad aduration  tual seminar room approach;

hyperactivity

of 24 minutes consistent CPT® performance and

no distraction effect; linked inat-
tention and impulsivity

8ADHD: attention-deficit/hyperactivity disorder.
BTSTM: The Secret Trail of Moon.

SVR: virtual reality.

dAX-CPT: AX-continuous performance task.
€CPT: continuous performance task.

Stokes et a [19] used VR technology integrated with eye
tracking to understand attentional distractionsin children with
ADHD. Participants performed behavioral tasks in a VR
classroom while their eye movements were tracked, providing
insights into how environmental distractors affect attention.
This setup highlighted the feasibility and utility of VR in
assessing and understanding attentional processes in ADHD.
Similarly, Wiebe et a [21] used aVR seminar room to simulate
a classroom environment for assessing attention, impulsivity,
and hyperactivity in children with ADHD. The study confirmed
the feasibility of such VR setups, demonstrating their potential
for detailed assessments of ADHD-related symptoms.

Ou et a [20] employed VR rehabilitation games targeting
improvementsin attention, impulseinhibition, and oppositional
defiance in children with ADHD. Over multiple sessions
spanning 3 months, significant positive changes in cognitive
and behavioral parameters were observed, demonstrating the
effectiveness of VR-based rehabilitation games in managing
ADHD symptoms. These studies collectively underscore the
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effectiveness and feasibility of VR interventions in enhancing
cognitive functions and managing ADHD symptoms,
highlighting the promise of VR technology as atherapeutic tool
for ADHD.

Motion Sense Devicesfor ADHD

A summary of motion sense devicesfor ADHD is presented in
Table 2. Gao et al [22] investigated the use of exergaming with
motion sense controllers like Xbox Kinect and Wii systems
among preschool children. Preschool children engaged inthese
exergames, which significantly increased  their
moderate-to-vigorous physical activity (MVPA) levels. This
study highlightsthe potential of exergaming to enhance physical
activity engagement in young children.

Benzing and Schmidt [23] focused on children with ADHD,
who participated in exergaming sessions aimed at improving
executive functions and motor abilities. The intervention led to
faster reaction times and improved motor skills, demonstrating
the potential benefits of exergaming in enhancing cognitive and
motor functionsin children with ADHD.
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Table 2. Summary of study traits for motion sense devices.

Sarai et d

Trials and duration

Outcome

Study Sample Focus

Gaoetal [22], N=65;55% female; age.  Toassesstheeffects of exergam-

2020 4.46 years ing on the physical skillsand ac-
tivity of preschoolers

Benzing and N=51; 82.4% male; age:  Toinvestigate the effects of cog-

Schmidt [23],  10.43 years nitively and physically demand-

2019 ing exergaming on executive

functions, ADHD? symptoms,

40 sessions, 5 times aweek for
8 weeks; each session: 30 min-
utes total (20 minutes exergam-
ing and 10 minutes
warmup/cool down)

24 sessions, 3 times aweek for
8 weeks; each session: 3 hours;
participants|ogged training dura-
tionindiaries

The exergaming group showed
more moderate-to-vigorous
physical activity than standard
care

The exergaming group had faster
reaction timesin inhibition and
switching tasks and better motor
performance after the interven-

and motor abilities

tion compared to controls

8ADHD: attention-deficit/hyperactivity disorder.

Exercise-Based Simulatorsfor ADHD

A summary of exercise-based ssimulatorsfor ADHD is presented
in Table 3. Shema-Shiratzky et al [24] combined a treadmill
with a VR environment to enhance cognitive and behavioral
functions in children with ADHD. Significant improvements
were observed in executive function, memory, and gait
regularity, alongside reductions in social problems and
psychosomatic behavior. Thisstudy indicatesthe comprehensive
benefits of combining physical and cognitive training through
V R-based interventions. Ko et a [25] explored the use of a ski
simulator for VR and non-VR exercises, finding that VR
exercises resulted in enhanced exercise capacity and
concentration levels, with greater engagement and concentration

Table 3. Summary of study traits for exercise-based simulators.

observed in the VR group compared to the non-VR group. This
study underscores the added benefits of VR in exercise-based
interventions.

J et ad [26] evauated the effects of both exergaming and
traditional bicycle exercises in children with ADHD. Both
interventions led to improvements in selective attention and
self-control, with exergaming showing superior outcomes in
cognitive control processes. This study highlights the
comparative effectiveness of exergaming over traditional
exercises in managing ADHD symptoms, emphasizing the
potential of exergaming as a more effective intervention for
enhancing cognitive and behavioral functions in children with
ADHD.

Study Sample Focus Trials and duration Outcome
Shema-Shi- N=14; age: 8-12 years To assess the effects of aVR® 18 sessions, 3timesaweek for  Reduced social problems and
ratzky et a training program on executive 6 weeks; each session: 30 min-  psychosomatic behavior; im-
[24], 2019 function and attention abilitiesin  Utesto 1 hour proved executive function,
: ] . b memory skills, and dual-task
children diagnosed with ADHD walking
Ko et al [25], N=10; mean age 28.50 To evduatetheeffectsof VRand  Single session; 10 minutes of The results showed that there
2020 years (SD 6.11 years) non-VR exercises on both the freestretching, 2 minutesof rest, were significant differencesin
exercise capacity and concentra-  and 2 sets of 1-minute exercises the VR and non-VR exercisesin
tion levelswhen using aski ex-  each, with a30-minuterest be-  terms of the range of motion of
ergame tween sets the ankle and the user’s concen-
tration
Ji et al [26], N=42; 30% dropout; 87% To investigate the impact of ex- 12 sessions, 3timesaweek for ~ Both the exergaming group
2023 male; age: 9 years ergaming on attention and self- 4 weeks; each session: 50 min-  (EXG) and bicycle exercise

control in children with ADHD

utes, 60% to 80% of heart rate;
10-minute warmup, 30-minute
main exercise, 10-minute
cooldown

group had increased selective at-
tention and self-control after ex-
ercise; only the EXG showed
improved sustai ned attention and
response control

3/R: virtual redlity.
bADHD: attention-deficit/hyperactivity disorder.

Areas of Application

The studies reviewed demonstrate the diverse applications of
VR and exergaming interventions in managing ADHD
symptoms. VR interventions typically focus on cognitive and
educational outcomes, employing immersive and interactive
environments that engage children dynamically. They are aso

https://games.jmir.org/2025/1/e57297

applied as assessment toolsin identifying cognitivetraitsrelated
tothosewith ADHD. Theseinterventions have shown significant
improvements in attention, memory, and academic skills, as
well as high levels of feasibility and acceptance among
participants.

In contrast, exergaming interventions primarily aim to enhance
physical activity and motor skills through interactive gaming.
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Studies like those by Gao et al [22] and Benzing and Schmidt
[23] highlight the substantial benefits of these interventionsin
increasing physical activity engagement and improving motor
abilitiesin children with ADHD.

Moreover, studies combining physical and cognitive training,
such as those by Shema-Shiratzky et al [24] and Ji et a [26],
demonstrate the potential of integrated approachesin providing
comprehensive benefits. These interventions not only address
cognitive deficits but also enhance physical health and overall
well-being, offering aholistic approach to ADHD management.

Discussion

Overview

This scoping review aimed to investigate and critically analyze
the use, effectiveness, benefits, and potential drawbacks of VR
and exercise simulator—based interventions used for individuals
diagnosed with ADHD. The core findings indicate that
VR-based games and exercise simulators improve attention,
inhibitory control, memory, and motor functions, targeting both
cognitiveand physical deficitsinindividualswith ADHD. These
interventions also significantly increase user motivation and
engagement, making them more appealing compared to
traditional methods. Participants reported high levels of
enjoyment and adherence, which are critical for long-term
treatment success.

The review aso highlights the importance of tailoring
interventions to individual needs, such as adjusting the virtual
environments and difficulty levelsto ensure their effectiveness
across varying symptom severities. The study advances
knowledge by demonstrating the dual role of VR and simulators
in enhancing cognitive and motor outcomes, advocating for
integrated approaches that address the multifaceted nature of
ADHD.

Inrelation to previousliterature, the findings are consistent with
research on the benefits of physical exercise for ADHD.
However, this paper expands the scope by introducing VR and
simulator interventions as more engaging and potentially more
effective aternatives to conventional exercise and cognitive
training programs. Additionaly, the review identifies gaps,
particularly regarding long-term effects and optimizing user
experience to mitigate challenges like motion sickness in VR
environments. This comprehensive analysis offers new insights
into therole of immersive technology in ADHD treatment while
emphasizing the need for further research.

Impact of VR and Exercise Simulator—-Based
I nterventions

Cognitive Function

The selected literature primarily focuses on how VR systems
and exercise simulator—based systems can enhance cognitive
function in individuals diagnosed with ADHD. For example,
VR serious mini-games focused on enhancing cognitive capacity
and information processing wereimplemented in arecent study
[17]. Thiswas done through a VR headset using a video game
called The Secret Trail of Moon designed through 5 mini-games,
with each involving different aspects of cognitive function. For
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instance, a game called “Enigma’ enhances working memory
and cognitive flexibility by requiring the user to match elements
within atime limit.

Research studies investigating the use of motion-based
controllersin cognitive function typically use VR applications.
The study by Ou et a [20] focused on ADHD children,
employing a VR intervention and evaluating the outcomes
through the Test of Nonverbal Intelligence (TONI-4) and the
Wisconsin Card Sorting Test (WCST). The TONI-4 results
suggested cognitive advancements after the intervention, while
WCST’s outcomes highlighted amixed response. Thesefindings
suggest enhancing cognitive functions using VR warranted
exploration. Meanwhile, the study by Benzing and Schmidt [23]
employed computer-based tasks, such as the Simon task for
inhibition, Flanker task for switching, and N-back task for
updating. Most notably, the intervention group had improved
reaction times, indicating an enhancement in executive
functions. However, no significant changes to the updating
abilities were found, leading to suggestions of exploring more
sengitivetestsfor detecting exercise-triggered cognitive changes.

Another study indicated that interventions can effectively target
cognitive functions such as working memory and executive
function [27]. The study by Shema-Shiratzky et al [24] involving
a treadmill with a simulated program evaluated cognitive
function using the NeuroTrax computerized neuropsychol ogical
battery. This battery includes 5 tasks that encompass various
aspects of cognitive function. The tasksinclude the Stroop test,
the Go-No-Go task, verbal and nonverbal memory tasks, and a
“Catch game” (measuring set-shifting, adaptation, and planning).
The testing for cognitive function was conducted before and
after the intervention, as well as during a 6-week follow-up
period. The study showed that these interventions had a
measured impact on cognitive functions such as working
memory and executive function. However, it should be noted
that the study did not find significant improvements in the
attention score.

Attention

Attention, asarticulated by Wu [28] in “Weknow what attention
is,” can be defined as the mental mechanism by which an
individual selectively focuses on certain stimuli while
disregarding other perceivable information to effectively guide
behaviors and responses. This selective process can often be
sustained over a period, maintaining a consistent behavioral
orientation toward relevant targets; this aspect is termed
sustained attention. It involvesthe ability to persist in cognitive
engagement with a single target or task over time, a critical
function when continuous monitoring or prolonged
concentration isrequired [28]. Attention can manifest in various
forms, from single-mindedly concentrating on one aspect, a
concept known as sel ective attention, to distributing one'sfocus
across multiple stimuli or tasks, aprocessreferred to asdivided
attention [28].

This concept forms the basis of a few studies, each offering
uniqueinsightsinto ADHD-related attention processesthrough
various interventions. Bernardelli et al [18] explored selective
attention in children with ADHD using a VR application
designed to enhance “top-down” and “bottom-up” attention
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skills, as well as working memory, inhibition, and distributed
attention components. The study’sfindingsindicate that children
showed improved ability to filter out distractions and focus on
specific tasks within the VR environment, highlighting the
potential of VR in enhancing selective attention.

Ji et a [26] focused on sustained attention in children with
ADHD through exergaming. This study examined how
continuous physical engagement can help children maintain
focus over extended periods. The researchers used tools like
the Frankfurt Attention Inventory (FAIR) test and the Go-No-Go
task, along with monitoring N2 amplitudes associated with
conflict monitoring and attentional allocation. The results
suggested that sustained physical activity through exergaming
significantly improved children’s ability to maintain attention
over time.

Stokes et al [19] addressed attentional distraction and selective
attention by using VR technology coupled with eyetracking to
measure how virtual environments can reduce distractions and
enhance selective attention in children with ADHD. Unlike
other studies that used VR as an intervention, this study
employed it asan assessment tool, demonstrating VR's potential
in evaluating attention difficulties. The study found that children
were better able to focus on tasks and reduce distractionswhen
engaging in VR-based activities.

Wiebe et a [21] examined divided attention in adults with
ADHD using amultimodal V R-based approach. Thisfeasibility
study explored how individuals manageto distribute their focus
across multiple stimuli or tasks within a virtual environment,
measuring factors such as omission errors, reported distraction
levels, and electroencephalography (EEG) metrics like the
theta/lbetaratio. Thefindingsindicated that VR could effectively
help individuals with ADHD improve their ability to manage
divided attention.

These studies collectively contribute to understanding the
multifaceted nature of attention in individuals with ADHD,
providing in-depth insights into how VR and exercise-based
simulators can be used to assess and enhance different aspects
of attention.

Motor Function

A key theme that emerged from the respective findings is the
positive impact of these interventions on cognitive functions,
specifically on executive function, in children diagnosed with
ADHD. Thissuggeststhat interventions using VR and exercise
simulator—based systems could potentially address cognitive
deficits associated with ADHD. However, only a couple of
papers focused on both the cognitive and motor function aspects
of these technologies. The impact of a ski exercise-based
simulator on exercise capacity and concentration levels was
investigated in a study conducted by Ko et a [25]. To assess
concentration, the authors used an EEG system and measured
motor components such as ankle range of motion and rate of
perceived exertion. Benzing and Schmidt [23] used a subset of
6 test items from the German Motor Test to capture various
dimensions of motor ability [23]. These dimensions encompass
endurance, speed, strength, coordination, and flexibility.
Following the intervention, the exergaming group displayed
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significantly superior overall motor performance compared to
the control group. Specifically, improvements in strength and
coordination were observed.

This represents a significant void in research as assessing both
motor function and cognitive performance is essential for
gaining a comprehensive understanding of how VR and
exercise-based simulators relate to ADHD. Research has
provided uniqueinsightsinto theimportance of ng motor
function in children with ADHD. It underscores significant
deficitsin motor function in children with ADHD [29,30]. The
ambiguity regarding whether motor impairments are inherent
to ADHD or triggered by co-occurring developmental
coordination disorder has been highlighted, emphasizing the
need for more research and the inclusion of motor skills
assessment in ADHD care [31]. Children with ADHD were
found to have worse dynamic balance performance, another
indicator of motor function [32]. In childrenwith ADHD, gross
motor function was significantly impaired [33]. Collectively,
these studies build a convincing case for exploring motor skills
as part of an integrated approach to ADHD diagnosis and
treatment. They argue for the necessity to consider these motor
impairments when devising treatment plans, to look beyond the
evident cognitive aspects of ADHD, and to understand the
broader impacts that motor function deficits could have.

Per ceptions and Experiences

Presenting users in a first-person perspective, VR can create a
sense of presence and immersion that enhances engagement
and moativation during exercise [34]. VR and exercise
simul ator—based interventions have shown promiseinimproving
health outcomes and increasing physical activity levels [35].
This was a common theme explored through the literature that
wasalso abletoidentify similar resultswith ADHD. The studies
by Rodrigo-Yanguas et a [17], Stokes et a [19], and
Shema-Shiratzky et a [24] present the recurring theme of
interest and enjoyment associated with the use of VR and
exercise simulator—based systems. All 3 studies emphasize the
role such systems play in enhancing engagement in tasks,
fostering better cognitive outcomes, and enhancing the ability
to persevere in accomplishing therapy.

Additionally, a study looking at a VR headset focused on the
perception of children and adolescents with ADHD [17]. The
study considered mental health professionals, such as
psychologists and neuropsychol ogists, and educators, including
teachers, pedagogues, counsdllors, and others, and found that
40 out of 56 (71%) either provide treatment and education or
had provided these services to individuals with ADHD [17].
The perception of participants toward VR was gathered using
an ad hoc questionnaire. The questionnaire had specific
guestions about each game's mechanics, the VR system's
usability, and the overall experience. The examination of
exercise-based simulators and their influence on perception in
individuals has not been the focus of any specific studies yet.
More direct qualitative responses from participants about their
experience and preferences would provide a clearer
understanding of their perception toward exercise-based
simulators.
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Implications of VR and Exercise Simulator—-Based
I nterventions

Positive Changes in Cognitive Domains

The discussed studies provide intriguing implications for the
effectiveness of VR and exercise simulator—based interventions
for individualswith ADHD. The research studiesidentified that
these interventions bring about positive changes in various
cognitive domains. Specifically, improvements have been
observed in working memory and executive function, as well
asincreased levels of concentration.

Efficacy of Exercise-Based Simulators

A study emphasizing selective attention and self-control through
exergaming and bicycle exercises demonstrated effectiveness
in enhancing cognitive function in children with ADHD [26].
This is evident as both the exergaming group and bicycle
exercise group showed significant increases in performance,
quality, and continuity values. The mean performance value
increased from 190.44 to 269.06 in the exergaming group and
from 231.15 to 303.92 in the bicycle exercise group after the
intervention, denoting significant improvements (P<.001).
Similarly, the mean quality value increased in both groups
(exergaming group: from 0.90 to 0.95; P=.02; bicycle exercise
group: from 0.92 to 0.97; P=.005). Continuity values aso
increased significantly in both groups (exergaming group: from
171.33t0 262.44; P<.001; bicycle exercise group: from 214.66
to 294.70; P<.001). The dtatistical data implied that the
interventions effectively enhanced attention and self-control in
children, with slight but greater improvements observed in the
exergaming group than in the bicycle exercise group.

Significant changes in both behavior and cognitive function
were observed [24], contributing to existing knowledge in this
area. The study used Cohen d as ameasure of effect size, which
is often used to indicate the standardized difference between 2
means [24]. Values are interpreted as follows: 0.2, small effect
size; 0.5, medium effect size; and >0.8, large effect size.
Behavior and social problem measurements had notabl e effect
sizes, with Cohen d values of 0.75 and 0.66 for improvements
in psychosomatic behavior after training and at follow-up,
respectively. Cognitive function showed considerable
improvements, especially in executive function and memory.
Cohen d was reported as 0.63 for the executive function index
score and remained >1.01 after a6-week follow-up for the color
trail tests, demonstrating large effect sizes. However, studies
on the effects of exercise-based simulators on attention have
presented mixed results.

An analysis of sensorimotor rhythm waves associated with
concentration revealed that VR exercise resulted in a more
pronounced EEG signal compared to non-VR exercise [25]. A
more pronounced sensorimotor rhythm wave, often measured
with an EEG device, indicates heightened brain activity in the
sensorimotor cortex. This area of the brain is associated with
processing sensory input and controlling motor functions. A
pronounced wave can suggest increased concentration, attention,
and engagement in atask. On the other hand, Shema-Shiratzky
et a [24] found that VR-based exercise did not significantly
improve attention as the attention index scores remained
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unchanged between testing points. The authors speculated that
this could be due to the multifaceted nature of attention, asthere
are various types of attention, which may not be sensitive
enough to reveal changesin different aspects of attention. Some
forms of attention may be resistant to VR training effects, and
it is plausible that other modalities did not exhibit a response.
Furthermore, it has been reported that the attention index score
of individuals with ADHD showed no response to either a
placebo or methylphenidate, suggesting that some measures of
attention may not show changes with various treatments or
interventions [36].

Design and | mplementation Considerations

When designing and implementing interventions using VR
systems and exercise-based simulators, it is crucial to consider
the specific features and requirements that can maximize their
effectiveness. Differencesin design and implementation across
various studies significantly impact the outcomes of these
interventions. For instance, a study used a ski exergame sports
simulator, while another focused on an exercise-centered
treadmill. These variations highlight theimportance of carefully
considering the type of VR and exercise equipment used when
analyzing the effectiveness of these interventions.

Case Studies and Examples

Concrete examples of successful serious gamesand exergaming
applications for ADHD provide valuable insights for guiding
future designs. For instance, “The Secret Trail of Moon,” aVR
game specifically designed for ADHD treatment, effectively
enhances cognitive functions such asinhibitory control, selective
attention, cognitive flexibility, and processing speed [17]. This
alignswith broader findings that engaging game mechanicsare
crucia for therapeutic success, as they boost user motivation
and adherence [37,38]. Additionally, games based on
motion-based devices like “Ring Fit Adventure” demonstrate
how commercial exergaming can motivate physical activity
through fun interactive gameplay, afinding supported by studies
highlighting the importance of enjoyment in exergaming for
sustained engagement [39]. By analyzing these successful
examples, it becomes clear that incorporating immersive and
enjoyable elementsisessential for maintaining user engagement
and achieving desired therapeutic outcomes in ADHD
interventions.

Exergaming I ntegration

The integration of exergaming into ADHD interventions is
supported by a growing body of literature emphasizing the
benefits of physical activity for cognitive and motor
development [26,40,41]. Effective integration involves the use
of hardware, such as motion sensorsand VR headsets, to create
interactive and engaging experiences. Studies show that motion
sense controllers like Xbox Kinect or Nintendo Switch
significantly increase MVPA levels, particularly in young
populations [22]. For ADHD interventions, game mechanics
should blend physical activity with cognitive challenges. Tasks
like obstacle courses requiring quick decision-making or
following complex instructions while physically active can
enhance both motor skills and executive functions [23]. By
incorporating these elements, interventionsalign with guidelines
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on promoting physical activity as a core component of ADHD
treatment [9].

Accessibility and I nclusivity

Ensuring accessibility and inclusivity is a critical aspect of
designing effective VR and exergaming interventions, as
highlighted in existing guidelines on technology-assisted
therapies[42]. Adjustability in difficulty levelsand customizable
controls are recommended to cater to users with diverse needs
and preferences [21]. Studies have emphasized that settings
allowing users to modify task intensity and complexity ensure
that the intervention remains appropriately challenging for
individuals with varying skill levels [43]. Moreover, diverse
representations in games, including characters and scenarios
reflecting different cultures and backgrounds, are crucial for
increasing engagement across broad user groups [44].
Accessibility should also consider physical adaptations, such
as seated play options or aternative control schemes, ensuring
that users with physical disabilities can benefit from the
interventions. These considerations reflect best practices in
inclusive game design, promoting broader access and greater
adherence to treatment programs.

Strengths and Weaknesses of Exer cise-Based
Simulatorsand VR

Exercise simulators offer arobust solution for managing ADHD
by integrating physical activity with cognitive training. As
detailed in Table 4, the design featuresidentified through various
studies, such as immersive VR environments, motion sense
controllers, and customizabl e settings, can be effectively applied
to the exercise smulator. By combining cognitive training
elementswith realistic and engaging VR experiences, the sailing
simulator can provide a comprehensive therapeutic tool for
individualswith ADHD. Emphasizing user safety, engagement,
and adaptability ensures that the intervention is both effective
and accessible, ultimately improving cognitive and behavioral
outcomes for users.

While the studies revolving around exercise-based simulators
had not focused on the perception of the participants, all of them
did mention afew positive points related to the experience. For
example, 1 study identified that the game-like properties of the
exercise simulator potentially made the training regimen more
engaging, likely promoting participants adherence to the
program and being effectively used by individual swho generally
do not prefer traditional exercise but enjoy gaming [24]. The 3
studies found no adverse effects linked to the use of
exercise-based simulators. However, a potential limitation that
wasidentified isthe lack of variability in the types of games or
exercises that can be played on these devices. Since most
simulators are designed around specific sports or activities,
there may be limited options for different types of exercises or
games to be performed on these devices.

Motion-based devices coupled with serious games present a
compelling avenue for interventions, particularly for individuals
with ADHD. The consensus points toward the engaging nature
of these tools, using movement and interactivity to capture
attention and promote short-term participation, a known
challenge in traditional ADHD interventions. This form of
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technology can potentially enhance motivation and short-term
adherenceto atherapeutic program dueto its active style. While
research is ongoing, preliminary findings suggest that
motion-based serious games can yield improvements in areas
like attention, executive function, and motor coordination, all
of which are commonly affected in ADHD. However, afurther
investigation is needed to solidify these findings and determine
the long-term efficacy. Despite the promising outlook,
considerations regarding the inherent structure of games, with
defined levelsand goals, could lead to aplateau in learning and
engagement once those targets are achieved. This inherent
limitation might result in diminished motivation over time,
particularly for individuals with ADHD who thrive on novelty
and challenge. Alternatively, exercise-based simulators,
grounded in real-life sports and activities, offer a more
open-ended experience. The pursuit of mastery in activitieslike
cycling or sailing, with their nuanced techniques and physical
demands, presents a continuous challenge that surpasses the
limited nature of game-based scenarios. The open-ended nature
of exercise-based simulators, which allowsfor continuous skill
development and application in real-world scenarios, aigns
well with the need for sustained engagement in ADHD
interventions. This approach may lead to greater long-term
adherence and more impactful therapeutic outcomes compared
to more constrained game-based scenarios.

In contrast, VR systems offer awide range of environments and
experiences, providing a unique platform for various
interventions. Studies have highlighted the effectiveness of
VR-based interventions in managing ADHD. For example,
Rodrigo-Yanguas et a [17] reported high levels of user
satisfaction, with 86% of participants enjoying the game, 83%
wanting to replay it, 78% finding it easy to understand, and all
participants feeling good after playing. This suggests that
children with ADHD prefer VR-based cognitive tests over
traditional ones, which has also been noted by Fang et a [45].

The VR-based “virtual seminar room” has proven to be effective
in ADHD assessment by offering a standardized yet realistic
setting. Wiebe et al [21] found that this environment enhances
ecological validity and provides insights into participants
distractibility and impul siveness, potentially improving ADHD
evaluations. Such positive engagement in VR experiences may
lead to increased task endurance among children with ADHD.

Bernardelli et a [18] conducted a comprehensive analysis of
VR interventions for children with ADHD, emphasizing their
dual benefits for cognitive training and physical activity. Their
findings indicated improvements in both attention and motor
skills, underscoring the versatility of VR systems in ADHD
treatment. The study also highlighted the need for personalized
V R settings to minimize discomfort and maximize engagement,
reinforcing the importance of tailored approaches in VR
interventions.

Despite the numerous benefits, VR interventions are not without
drawbacks. Approximately 14% of users reported discomfort,
and motion sicknesswas asignificant concern[17]. Addressing
theseissuesiscrucial to optimize the effectiveness of VR-based
therapies.
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Table4. Summary of the strengths and weaknesses found through exercise simulators and virtual reality.
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Study

Technology used

Strengths

Weaknesses

Rodrigo-Yanguas et al
[17], 2021

Stokes et al [19], 2022

Ko et d [25], 2020

Ji et a [26], 2023

Shema-Shiratzky et al
[24], 2019

Benzing and Schmidt [23],
2019

Ouet a [20], 2020

Bernardelli et a [18], 2021

Geo et d [22], 2020

Wiebe et a [21], 2023

VR headset, console (PlayStation 4),
and serious game: The Secret Trail of
Moon (TSTM)

VR headset (HTC Vive), PC, eye
tracking (SensoMotoric Instruments),
and 3D-simulated classroom

Ski exergame (Ski Fit 360)

Exergame group: ExerHeart devices
(D& JHumancare App Alchemist’'s
Treasure); Nonexergame group: Station-
ary bike (Fit Elite-Whole body exercis-
er 100)

Exergame: the system utilized projects
acomputer-generated simulation in
front of atreadmill

Motion sense controller, console (Xbox
Kinect), and serious game: Shape Up

VR headset (HTC Vive) and PC game:
“Fishing Master, Fruit Train and Ocean
Manager”

VR headset (Oculus Quest) and PC se-
rious game: ADAD

Motion sense controller, console (Wii
or Xbox Kinect) games: Just Dancefor
Kids (both consoles), and Wii Nick-
elodeon Fit

A virtual seminar room (VSR) was
created using Unity 3D and featured a
VR headset (HTC Vive) and PC, repli-
cating areal-world seminar room with
typica furniture, afront canvas, and
virtual classmates

High interest and enjoyment: 83% of
children expressed interest in playing.
Most found the instructions easy to
understand and the games easy to play

Children with ADHDP found VR cog-
nitive testing more enjoyable than tra-
ditional tests, potentially increasing
persistence.

Enhancement of exercise and concen-
tration: VR increased exercise capacity,
with wider ankle motion and higher
SensoMotoric Rhythm (SMR) wave
activity indicating improved concentra-
tion

Improved attention and control: ex-
ergaming improved selective attention
and self-control, with N2 amplitude
changes indicating better cognitive
control

Gait and cognitive improvements: VR
improved gait regularity, executive
function, and memory, and reduced
social and psychosomatic issuesin
children with ADHD

Improved reaction times and motor

skills: exergaming led to faster reaction
timesand better motor abilities; partic-
ipants rated enjoyment highly (3.62/4)

Cognitive and behavioral enhance-
ments. participants showed cognitive
improvementsand reductionsin ADHD
symptoms, such asinattention and hy-
peractivity

User-friendly VR application: VR re-
duced impulsivity and improved atten-
tion, with a customizable intervention
for individual needs

Engagement in physical activity: partic-
ipantsfound theintervention engaging,
spending 40% of school timein moder-
ate-to-vigorous physical activity

Feasibility of the VSR: the VSR was
well-accepted, with successful behav-
ioral and neurophysiological data
recording and low cybersickness re-
ports

14% reported discomfort or motion
sickness from VR glasses, with dizzi-
ness being a potential side effect

VR classrooms have shown worse be-
havioral performance in other studies

The ski motion platform made it diffi-
cult for usersto maintain balance when
moving side to side

Only 1 game could be played on the
simulator, limiting variety

No negatives or limitations were men-
tioned regarding the simulator setup

High dropout rate; no significant im-
provements in some tasks like updat-
ing; general health benefits were seen,
but not specific ADHD symptom im-
provements

Participantslost interest after mastering
the games, and frequent breaks were
needed to prevent discomfort from the
VR headgear

Need for automatic level selection to
reduce errors; remote implementation
complexities affected operations

No negatives or limitations were men-
tioned regarding the intervention setup

Head movements and strain from the
VR headset caused artifacts that inter-
fered with electroencephal ography
signals; cybersicknesswas still reported

3/R: virtual redlity.

bADHD: attention-deficit/hyperactivity disorder.

Limitations

Despite the promising results of
exercise-based simulators for

limitations must be acknowledged.
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integrating VR and
managing ADHD, some

Methodological Limitations

Despite employing astructured search across multiple databases,
this review may be susceptible to publication bias, potentially
favoring studies that report positive or significant findings. As

aresult, there is arisk of overestimating the effectiveness of
VR and exercise-based interventions, as studies with neutral or
negative outcomes might be underrepresented. Additionally,
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the search strategy, while comprehensive, focused on specific
terms such as “virtual reality,” “exercise simulator,
“exergaming,” and “serious games.” This narrow focus may
have unintentionally excluded relevant studiesthat use different
terminology or related technologies. Furthermore, the decision
to limit the search to articles published between 2019 and 2023
may have omitted earlier foundational research, limiting the
understanding of thefield’s broader development and historical
context.

Another limitation islanguage and population bias. By including
only English-language publications, the review may have
excluded valuabl e research conducted in other languages, which
could provide additional insights. Moreover, the review’sfocus
on human participants diagnosed with ADHD may have
inadvertently excluded research on other populations, such as
those with cognitive impairments or neurodevelopmental
disordersthat share overlapping symptoms, potentially limiting
the scope of findings that could otherwise be applicable to
ADHD management.

Limitations Within the I ncluded Studies

Many of the included studies featured relatively small sample
sizes, which limits the generalizability of their findings to
broader ADHD populations. Larger and more diverse samples
are needed to validate these results and ensure their applicability
to a wider demographic. Additionally, most studies lacked
long-term follow-up data, making it difficult to assess whether
the short-term benefits of VR and exercise-based interventions
are sustained over time. Longitudinal studies are essentia to
evaluate the durability and potential long-term effects of these
interventions. Furthermore, several of the studieslacked rigorous
design frameworks, such as randomized controlled trials, which
are critical for establishing clear causal relationships between
the interventions and the observed improvements in ADHD
symptoms. This absence of methodological rigor weakens the
strength of the conclusions drawn from the available evidence.
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Theselimitations underscore the need for cautiousinterpretation
of the review’s findings. While the review offers valuable
insights, it should be seen as a foundation for further
investigation. Future research should prioritize larger and more
diverse samples, long-term follow-up, and rigorous study
designs, including randomized controlled trials, to assess the
potential of VR and exercise-based simulators more fully for
managing ADHD.

Conclusion

VR and exercise-based interventions show promise as potentially
effective approaches for people with ADHD. Studies suggest
that individuals with ADHD find VR cognitive testing and
experiences more pleasurable compared to traditional tests,
which may result in increased engagement and persistence in
tasks. Theuse of VR in ADHD interventions offersawiderange
of virtual environments and activities that can be tailored to
individual needs, providing a more versatile and engaging
experiencefor participants. Both forms of technology havea so
shown improvements in a variety of cognitive functions.
However, it is crucial to recognize the potential drawbacks of
VR interventions, including certain users experiencing
discomfort and dizziness. These negative reactions can impact
adherence to the program and add additional cognitive load
during tasks, potentially compromising the effectiveness of the
intervention. Previous research conducted on exercise-based
simulators did not consider the perspectives of individualswith
ADHD toward thistype of intervention. Thisimpliesthat there
is a gap in understanding how people diagnosed with ADHD
perceive and respond to exercise-based simulators. It is
important to address such misunderstandings so that people
with ADHD can benefit from the opportunities provided by VR
and exercise-based interventions to support the challenges they
face with ADHD, which will enable them to enjoy a higher
quality of lifeand anormal life.

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.

[PDE File (Adobe PDF File), 61 KB-Multimedia Appendix 1]

References

1. Faraone S, Asherson P, Banaschewski T, Biederman J, Buitelaar J, Ramos-Quiroga J, et a. Attention-deficit/hyperactivity
disorder. Nat Rev Dis Primers. Aug 06, 2015;1:15020. [ FREE Full text] [doi: 10.1038/nrdp.2015.20] [Medline: 27189265]

2. SanabriaMazo JP, Montero-Marin J, Feliu-Soler A, Gasién V, Navarro-Gil M, Morillo-Sarto H, et a. Mindfulness-based
program plus amygdala and insularetraining (MAIR) for the treatment of women with fibromyalgia: a pilot randomized
controlled trial. J Clin Med. Oct 11, 2020;9(10):3246. [FREE Full text] [doi: 10.3390/jcm9103246] [Medline: 33050630]

3.  Georgieval, Georgiev G. Reconstructing personal storiesin virtual reality sasamechanism to recover the self. Int JEnviron
Res Public Health. Dec 18, 2019;17(1):26. [FREE Full text] [doi: 10.3390/ijerph17010026] [Medline: 31861440]

4. NoreikaV, Fater C, RubiaK. Timing deficits in attention-deficit/hyperactivity disorder (ADHD): evidence from
neurocognitive and neuroimaging studies. Neuropsychologia. Jan 2013;51(2):235-266. [ FREE Full text] [doi:
10.1016/j.neuropsychologia.2012.09.036] [Medline: 23022430]

https://games.jmir.org/2025/1/e57297

JMIR Serious Games 2025 | vol. 13| €57297 | p. 12
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=games_v13i1e57297_app1.pdf&filename=a298ef7c2f71e0ea82e66e3cc0f677f8.pdf
https://jmir.org/api/download?alt_name=games_v13i1e57297_app1.pdf&filename=a298ef7c2f71e0ea82e66e3cc0f677f8.pdf
https://doi.org/10.1038/nrdp.2015.20
http://dx.doi.org/10.1038/nrdp.2015.20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27189265&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm9103246
http://dx.doi.org/10.3390/jcm9103246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33050630&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17010026
http://dx.doi.org/10.3390/ijerph17010026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31861440&dopt=Abstract
https://doi.org/10.1016/j.neuropsychologia.2012.09.036
http://dx.doi.org/10.1016/j.neuropsychologia.2012.09.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23022430&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Sarai et d

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

SunW, Yu M, Zhou X. Effects of physical exercise on attention deficit and other major symptomsin children with ADHD:
A meta-analysis. Psychiatry Res. May 2022;311:114509. [FREE Full text] [doi: 10.1016/j.psychres.2022.114509] [Medline:
35305344]

Di Liegro C, Schiera G, Proia P, Di Liegro |. Physical activity and brain health. Genes (Basal). Sep 17, 2019;10(9):720.
[FREE Full text] [doi: 10.3390/genes10090720] [Medline: 31533339]

Zheng J, Su X, Xu C. Effects of exerciseintervention on executive function of middle-aged and elderly people: A systematic
review of randomized controlled trials. Front Aging Neurosci. Aug 12, 2022;14:960817. [FREE Full text] [doi:
10.3389/fnagi.2022.960817] [Medline: 36034137]

Kotulska M, Jedrzejewska B, Lichman M, Borycka A, Lubczyriska Z, Potocka Z, et al. The influence of physical activity
on reducing ADHD symptoms — a systematic review. J Educ Health Sport. May 16, 2023;31(1):46-54. [FREE Full text]
[doi: 10.12775/jehs.2023.31.01.004]

Cortese S, Moreira-MaiaC, St Fleur D, Morcillo-Pefialver C, Rohde L, Faraone S. Association between ADHD and obesity:
a systematic review and meta-analysis. Am J Psychiatry. Jan 2016;173(1):34-43. [FREE Full text] [doi:
10.1176/appi.ajp.2015.15020266] [Medline; 26315982]

Hauer K, Litz E, Gunther-Lange M, Ball C, de Bruin ED, Werner C. Effectiveness and sustainability of a motor-cognitive
stepping exergame training on stepping performance in older adults: a randomized controlled trial. Eur Rev Aging Phys
Act. Sep 29, 2020;17(1):17. [FREE Full text] [doi: 10.1186/s11556-020-00248-4] [Medline: 33005256]

Maresca G, Maggio M, Buda A, LaRosa G, Manuli A, Bramanti P, et al. A novel use of virtual reality in the treatment of
cognitive and motor deficit in spinal cord injury: A case report. Medicine (Baltimore). Dec 2018;97(50):€13559. [FREE
Full text] [doi: 10.1097/M D.0000000000013559] [Medline: 30558016]

Ortiz J, Palacios-Navarro G, Andaluz V, Guevara B. Virtual reality-based framework to simulate control algorithms for
robotic assistance and rehabilitation tasks through a standing wheel chair. Sensors (Basel). Jul 27, 2021;21(15):5083. [FREE
Full text] [doi: 10.3390/s21155083] [Medline: 34372320]

Masengo G, Zhang X, Dong R, Alhassan AB, HamzaK, MudaheranwaE. L ower l[imb exoskel eton robot and its cooperative
control: A review, trends, and challenges for future research. Front Neurorobot. Jan 12, 2022;16:913748. [FREE Full text]
[doi: 10.3389/fnbot.2022.913748] [Medline: 36714152]

Brown D. A review of the PubMed PICO tool: using evidence-based practice in health education. Health Promot Pract. Jul
2020;21(4):496-498. [FREE Full text] [doi: 10.1177/1524839919893361] [Medline: 31874567]

Tricco A, Lillie E, Zarin W, O'Brien K, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): Checklist and explanation. Ann Intern Med. Oct 02, 2018;169(7):467-473. [FREE Full text] [doi:
10.7326/M 18-0850] [Medline: 30178033]

Exploring Virtual Reality and Exercise Simulator Interventionsin Attention Deficit Hyperactivity Disorder: A Comprehensive
Literature Review. OSF. URL: https://osf.io/8xsy9 [accessed 2024-12-22]

Rodrigo-Yanguas M, Martin-Moratinos M, Menendez-Garcia A, Gonzalez-Tardon C, Royuela A, Blasco-FontecillaH. A
virtua reality game (The Secret Trail of Moon) for treating attention-deficit/hyperactivity disorder: development and
usability study. IMIR Serious Games. Sep 01, 2021;9(3):e26824. [FREE Full text] [doi: 10.2196/26824] [Medline: 34468332]
Bernardelli G, Flori V, Greci L, Scaglione A, Zangiacomi A. A Virtual Reality Based Application for Children with ADHD:
Design and Usability Evaluation. In: De Paolis LT, Arpaia P, Bourdot P, editors. Augmented Reality, Virtual Reality, and
Computer Graphics. AVR 2021. L ecture Notes in Computer Science, vol 12980. Cham. Springer; 2021:363-375.

Stokes J, Rizzo A, Geng J, Schweitzer J. Measuring attentional distraction in children with ADHD using virtual reality
technology with eye-tracking. Front Virtual Real. Mar 2022;3:855895. [FREE Full text] [doi: 10.3389/frvir.2022.855895]
[Medline: 35601272]

OuY,Wang Y, Chang H, Yen S, Zheng Y, Lee B. Development of virtual reality rehabilitation games for children with
attention-deficit hyperactivity disorder. J Ambient Intell Human Comput. Apr 10, 2020;11(11):5713-5720. [FREE Full
text] [doi: 10.1007/s12652-020-01945-9]

Wiebe A, Kannen K, Li M, Aslan B, Anders D, Selaskowski B, et a. Multimodal virtual reality-based assessment of adult
ADHD: afeasihility study in healthy subjects. Assessment. Jul 18, 2023;30(5):1435-1453. [EREE Full text] [doi:
10.1177/10731911221089193] [Medline: 35435010]

Gao Z, Lee J, McDonough D, Albers C. Virtual reality exercise as a coping strategy for health and wellness promotion in
older adults during the COVID-19 pandemic. J Clin Med. Jun 25, 2020;9(6):1986. [FREE Full text] [doi:
10.3390/jcm9061986] [Medline: 32630367]

Benzing V, Schmidt M. The effect of exergaming on executive functionsin children with ADHD: A randomized clinical
trial. Scandinavian Med Sci Sports. May 23, 2019;29(8):1243-1253. [FREE Full text] [doi: 10.1111/sms.13446]
Shema-Shiratzky S, Brozgol M, Cornejo-Thumm P, Geva-Dayan K, Rotstein M, Leitner Y, et a. Virtual reality training
to enhance behavior and cognitive function among children with attention-deficit/hyperactivity disorder: brief report. Dev
Neurorehabil. Aug 2019;22(6):431-436. [FREE Full text] [doi: 10.1080/17518423.2018.1476602] [Medline: 29771624]
Ko J, Jang S, Lee HT, Yun H, Kim Y S. Effects of virtual reality and non-virtual reality exercises on the exercise capacity
and concentration of usersin a ski exergame: comparative study. IMIR Serious Games. Oct 28, 2020;8(4):e16693. [FREE
Full text] [doi: 10.2196/16693] [Medline: 33112240]

https://games.jmir.org/2025/1/e57297 JMIR Serious Games 2025 | vol. 13 | €57297 | p. 13

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0165-1781(22)00123-8
http://dx.doi.org/10.1016/j.psychres.2022.114509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35305344&dopt=Abstract
https://www.mdpi.com/resolver?pii=genes10090720
http://dx.doi.org/10.3390/genes10090720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31533339&dopt=Abstract
https://europepmc.org/abstract/MED/36034137
http://dx.doi.org/10.3389/fnagi.2022.960817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36034137&dopt=Abstract
https://doi.org/10.12775/JEHS.2023.31.01.004
http://dx.doi.org/10.12775/jehs.2023.31.01.004
https://doi.org/10.1176/appi.ajp.2015.15020266
http://dx.doi.org/10.1176/appi.ajp.2015.15020266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26315982&dopt=Abstract
https://eurapa.biomedcentral.com/articles/10.1186/s11556-020-00248-4
http://dx.doi.org/10.1186/s11556-020-00248-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33005256&dopt=Abstract
https://europepmc.org/abstract/MED/30558016
https://europepmc.org/abstract/MED/30558016
http://dx.doi.org/10.1097/MD.0000000000013559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30558016&dopt=Abstract
https://www.mdpi.com/resolver?pii=s21155083
https://www.mdpi.com/resolver?pii=s21155083
http://dx.doi.org/10.3390/s21155083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34372320&dopt=Abstract
https://europepmc.org/abstract/MED/36714152
http://dx.doi.org/10.3389/fnbot.2022.913748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36714152&dopt=Abstract
https://doi.org/10.1177/1524839919893361
http://dx.doi.org/10.1177/1524839919893361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31874567&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/M18-0850?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30178033&dopt=Abstract
https://osf.io/8xsy9
https://games.jmir.org/2021/3/e26824/
http://dx.doi.org/10.2196/26824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34468332&dopt=Abstract
https://europepmc.org/abstract/MED/35601272
http://dx.doi.org/10.3389/frvir.2022.855895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35601272&dopt=Abstract
https://doi.org/10.1007/s12652-020-01945-9
https://doi.org/10.1007/s12652-020-01945-9
http://dx.doi.org/10.1007/s12652-020-01945-9
https://journals.sagepub.com/doi/abs/10.1177/10731911221089193?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/10731911221089193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35435010&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm9061986
http://dx.doi.org/10.3390/jcm9061986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32630367&dopt=Abstract
https://doi.org/10.1111/sms.13446
http://dx.doi.org/10.1111/sms.13446
https://doi.org/10.1080/17518423.2018.1476602
http://dx.doi.org/10.1080/17518423.2018.1476602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29771624&dopt=Abstract
https://games.jmir.org/2020/4/e16693/
https://games.jmir.org/2020/4/e16693/
http://dx.doi.org/10.2196/16693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33112240&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Sarai et d

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.
43.

45,

J H,WuS, WonJ Weng S, LeeS, Seo S, et a. The effects of exergaming on attention in children with attention
deficit/hyperactivity disorder: randomized controlled trial. IMIR Serious Games. May 09, 2023;11:e40438. [EREE Full
text] [doi: 10.2196/40438] [Medline: 37159253]

Shaw P, Gilliam M, Liverpool M, Weddle C, Malek M, Sharp W, et al. Cortical development in typically developing
children with symptoms of hyperactivity and impulsivity: support for adimensional view of attention deficit hyperactivity
disorder. Am JPsychiatry. Feb 2011;168(2):143-151. [FREE Full text] [doi: 10.1176/appi.ajp.2010.10030385] [Medline:
21159727)

Wu W. We know what attention is! Trends Cogn Sci. Apr 2024;28(4):304-318. [EREE Full text] [doi:
10.1016/j.tics.2023.11.007] [Medline: 38103983]

ChoH, Ji S, Chung S, KimM, Joung Y. Moator function in school-aged children with attention-deficit/hyperactivity disorder
in Korea. Psychiatry Investig. Jul 2014;11(3):223-227. [FREE Full text] [doi: 10.4306/pi.2014.11.3.223] [Medline: 25110492]
Mokobane M, Pillay B, Meyer A. Fine motor deficits and attention deficit hyperactivity disorder in primary school children.
S Afr JPsychiatr. 2019;25:1232. [FREE Full text] [doi: 10.4102/sajpsychiatry.v25i0.1232] [Medline: 30899581]
Goulardins J, Marques J, De Oliveira J. Attention deficit hyperactivity disorder and motor impairment. Percept Mot Skills.
Apr 2017;124(2):425-440. [FREE Full text] [doi: 10.1177/0031512517690607] [Medline: 28361657]

Goetz M, Paulasova Schwabova J, Hlavka Z, Ptacek R, Surman C. Dynamic balance in children with attention-deficit
hyperactivity disorder and its relationship with cognitive functions and cerebellum. NDT. Mar 2017;Volume 13:873-880.
[FREE Full text] [doi: 10.2147/ndt.s125169)]

Pila-Nemutandani R, Pillay B, Meyer A. Gross motor skillsin children with Attention Deficit Hyperactivity Disorder. S.
Afr. j. occup. ther. 2018;48(3):19-23. [FREE Full text] [doi: 10.17159/2310-3833/2017/vol48n3a4]

Blair C, Walsh C, Best P. Immersive 360° videos in health and social care education: a scoping review. BMC Med Educ.
Nov 24, 2021;21(1):590. [FREE Full text] [doi: 10.1186/s12909-021-03013-y]

Lee G. Effects of virtual reality exercise program on balance, emotion and quality of lifein patients with cognitive decline.
JKor Phys Ther. Dec 30, 2016;28(6):355-363. [FREE Full text] [doi: 10.18857/jkpt.2016.28.6.355]

Leitner Y, Doniger G, Barak R, Simon E, Hausdorff J. A novel multidomain computerized cognitive assessment for
attention-deficit hyperactivity disorder: evidence for widespread and circumscribed cognitive deficits. J Child Neurol. Mar
2007;22(3):264-276. [FREE Full text] [doi: 10.1177/0883073807299859] [Medline: 17621495]

Dan B. Gamification of therapy: the fun factor in rehabilitation. Dev Med Child Neurol. Mar 2022;64(3):276. [FREE Full
text] [doi: 10.1111/dmcn.15126] [Medline: 35120264)]

Luckner N, Kayali F, Purgathofer P. Game mechanics to further engagement with physical activity. Interaction Design and
Architecture. Mar 10, 2018;(36):43-57. [FREE Full text] [doi: 10.55612/s-5002-036-003]

Ruth M, Schmelzer M, Burtniak K, Kaspar K. Commercial exergames for rehabilitation of physical health and quality of
life: asystematic review of randomized controlled trials with adults in unsupervised home environments. Front Psychol.
Jun 2, 2023;14:1155569. [FREE Full text] [doi: 10.3389/fpsyq.2023.1155569] [Medline: 37333591]

Chan'Y, Jang J, Ho C. Effects of physical exercise on children with attention deficit hyperactivity disorder. Biomed J. Apr
2022;45(2):265-270. [FREE Full text] [doi: 10.1016/j.bj.2021.11.011] [Medline: 34856393]

Li D, Wang D, Cui W, Yan J, Zang W, Li C. Effects of different physical activity interventions on children with
attention-deficit/hyperactivity disorder: A network meta-analysis of randomized controlled trials. Front Neurosci. Mar 20,
2023;17:1139263. [FREE Full text] [doi: 10.3389/fnins.2023.1139263] [Medline: 37021131]

Erlandson R. Universal and Accessible Design for Products, Services, and Processes. Boca Raton. CRC Press; 2007.
Staiano A, Calvert S. Exergamesfor physical education courses: physical, social, and cognitive benefits. Child Dev Perspect.
Jun 2011;5(2):93-98. [FREE Full text] [doi: 10.1111/j.1750-8606.2011.00162.x] [Medline: 22563349]

Brand J, Knight S, Majewski J. The Diverse Worlds of ComputerGames. A Content Analysis of Spaces,Populations, Styles
and Narratives. In: Proceedings of DiGRA 2003 Conference: Level Up. 2003. Presented at: DiGRA 2003 Conference:
Level Up; November 4-6, 2003; Utrecht, The Netherlands. URL : https://dl.digra.org/index.php/dl/article/view/88/88
Fang Y, Han D, Luo H. A virtual reality application for assessment for attention deficit hyperactivity disorder in school-aged
children. Neuropsychiatr Dis Treat. 2019;15:1517-1523. [FREE Full text] [doi: 10.2147/NDT.S206742] [Medline: 31239686]

Abbreviations

ADHD: attention-deficit/hyperactivity disorder

EEG: electroencephal ography

MVPA: moderate-to-vigorous physical activity

PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews

TONI: Test of Nonverbal Intelligence

VR: virtua reality

WCST: Wisconsin Card Sorting Test

https://games.jmir.org/2025/1/e57297 JMIR Serious Games 2025 | vol. 13 | €57297 | p. 14

(page number not for citation purposes)


https://games.jmir.org/2023//e40438/
https://games.jmir.org/2023//e40438/
http://dx.doi.org/10.2196/40438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37159253&dopt=Abstract
https://europepmc.org/abstract/MED/21159727
http://dx.doi.org/10.1176/appi.ajp.2010.10030385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21159727&dopt=Abstract
https://doi.org/10.1016/j.tics.2023.11.007
http://dx.doi.org/10.1016/j.tics.2023.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38103983&dopt=Abstract
https://europepmc.org/abstract/MED/25110492
http://dx.doi.org/10.4306/pi.2014.11.3.223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25110492&dopt=Abstract
https://europepmc.org/abstract/MED/30899581
http://dx.doi.org/10.4102/sajpsychiatry.v25i0.1232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30899581&dopt=Abstract
https://doi.org/10.1177/0031512517690607
http://dx.doi.org/10.1177/0031512517690607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28361657&dopt=Abstract
https://doi.org/10.2147/ndt.S125169
http://dx.doi.org/10.2147/ndt.s125169
https://doi.org/10.17159/2310-3833/20l7/vol48n3a4
http://dx.doi.org/10.17159/2310-3833/20l7/vol48n3a4
https://doi.org/10.1186/s12909-021-03013-y
http://dx.doi.org/10.1186/s12909-021-03013-y
https://doi.org/10.18857/jkpt.2016.28.6.355
http://dx.doi.org/10.18857/jkpt.2016.28.6.355
https://doi.org/10.1177/0883073807299859
http://dx.doi.org/10.1177/0883073807299859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17621495&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/dmcn.15126
https://onlinelibrary.wiley.com/doi/10.1111/dmcn.15126
http://dx.doi.org/10.1111/dmcn.15126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35120264&dopt=Abstract
https://doi.org/10.55612/s-5002-036-003
http://dx.doi.org/10.55612/s-5002-036-003
https://europepmc.org/abstract/MED/37333591
http://dx.doi.org/10.3389/fpsyg.2023.1155569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37333591&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2319-4170(21)00171-2
http://dx.doi.org/10.1016/j.bj.2021.11.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34856393&dopt=Abstract
https://europepmc.org/abstract/MED/37021131
http://dx.doi.org/10.3389/fnins.2023.1139263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37021131&dopt=Abstract
https://europepmc.org/abstract/MED/22563349
http://dx.doi.org/10.1111/j.1750-8606.2011.00162.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22563349&dopt=Abstract
https://dl.digra.org/index.php/dl/article/view/88/88
https://europepmc.org/abstract/MED/31239686
http://dx.doi.org/10.2147/NDT.S206742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31239686&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Sarai et d

Edited by R Baranyi; submitted 14.02.24; peer-reviewed by E Vallefuoco, M Martin Moratinos, M Bella-Fernandez, comments to
author 29.04.24; revised version received 14.07.24; accepted 08.11.24; published 29.01.25

Please cite as:

Sarai G, Jayaraman PP, Tirosh O, Wickramasinghe N

Exploring Virtual Reality and Exercise Smulator Interventionsin Patients Wth Attention Deficit Hyperactivity Disorder: Comprehensive
Literature Review

JMIR Serious Games 2025; 13:€57297

URL: https://games.jmir.org/2025/1/e57297

doi: 10.2196/57297

PMID: 39879092

©Gurdeep Sarai, Prem Prakash Jayaraman, Oren Tirosh, Nilmini Wickramasinghe. Originally published in IMIR Serious Games
(https://games.jmir.org), 29.01.2025. Thisis an open-access article distributed under the terms of the Creative Commons Attribution
License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR Serious Games, is properly cited. The complete bibliographic
information, alink to the original publication on https://games.jmir.org, as well as this copyright and license information must
be included.

https://games.jmir.org/2025/1/e57297 JMIR Serious Games 2025 | vol. 13 | €57297 | p. 15
(page number not for citation purposes)

RenderX


https://games.jmir.org/2025/1/e57297
http://dx.doi.org/10.2196/57297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39879092&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

