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Abstract: Attention-Deficit/Hyperactivity Disorder (ADHD) is a prevalent neurodevelopmental condition in
children, characterized by inattention, hyperactivity, and impulsivity, which can significantly impact
academic performance and social interactions. Traditional therapies, including behavioral interventions and
medication, have shown effectiveness but often lack engagement and long-term adherence. Virtual Reality
(VR) presents a promising alternative by offering immersive, interactive environments that can enhance focus
and cognitive skills in children with ADHD. This paper explores the potential of VVR-based therapy to improve
attention span, impulse control, and behavioral regulation through gamified interventions. The study reviews
existing research on VR applications for cognitive training, highlights key design considerations for ADHD-
friendly virtual environments, and discusses expected outcomes based on preliminary findings. Future
research directions include clinical trials, integration of artificial intelligence for personalized therapy, and
the development of adaptive VR modules tailored to individual needs. By leveraging VR technology, this
study aims to contribute to the advancement of innovative, engaging, and effective therapeutic approaches for
children with ADHD

Index Terms-Attention-Deficit/Hyperactivity Disorder, Virtual Reality, neurodevelopmental condition,
inattention, hyperactivity, impulsivity,

l. INTRODUCTION

Attention-Deficit/Hyperactivity Disorder (ADHD) is one of the most commonly diagnosed
neurodevelopmental disorders in children, significantly affecting their cognitive, academic, and social
development. It is characterized by persistent patterns of inattention, hyperactivity, and impulsivity, which
interfere with daily functioning and overall well-being. The global prevalence of ADHD varies across different
populations, with estimates suggesting that approximately 7.6% of children worldwide are affected by this
disorder [1]. In the United States, studies indicate that around 11.4% of children aged 3 to 17 have been
diagnosed with ADHD [2]. In India, prevalence rates range from 6.3% to 11.3%, depending on factors such as
diagnostic criteria, geographic location, and awareness levels among caregivers and educators [3]. Despite
regional variations, ADHD is increasingly recognized as a significant public health concern, necessitating
targeted interventions to support affected children. Traditional approaches to managing ADHD primarily
involve behavioral therapies and pharmacological treatments. Stimulant medications such as methylphenidate
and amphetamines are commonly prescribed to improve attention and impulse control; however, they often
lead to side effects such as sleep disturbances, reduced appetite, and potential long-term dependency [4].
Behavioral therapies, including cognitive-behavioral techniques and parent training programs, have
demonstrated efficacy in improving self-regulation and social functioning [5]. Nevertheless, their success is
largely dependent on consistent implementation, which can be challenging due to the attention deficits inherent
to the disorder. These limitations highlight the need for alternative therapeutic interventions that not only
address core symptoms but also enhance engagement and adherence among children with ADHD. Recent
advancements in technology have led to the integration of Virtual Reality (VR) as a novel approach to cognitive
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and behavioral therapy. VR offers an immersive and interactive environment that can simulate real-world
scenarios, allowing children to practice attention control, impulse regulation, and executive functioning in a
controlled and engaging manner. Studies have shown that VR-based interventions can effectively improve
cognitive skills in children with ADHD, with findings indicating significant enhancements in sustained
attention, working memory, and task persistence [6]. Unlike traditional methods, VR provides a gamified
experience that inherently motivates children to participate, thereby increasing therapy adherence and
maximizing outcomes. Furthermore, the adaptability of VR platforms enables personalized interventions
tailored to the specific needs and progress of each child, making it a promising tool for ADHD management.
The growing body of research supporting VR-based therapy underscores its potential as a viable alternative to
conventional ADHD treatments. By leveraging immersive digital environments, VR can address the challenges
associated with traditional interventions while providing an engaging and effective therapeutic experience. The
objective of this study is to evaluate the efficacy of VR therapy in improving attentional control, impulse
management, and behavioral regulation in children diagnosed with ADHD. Additionally, this research aims to
explore the key design elements that enhance the effectiveness of VR-based interventions, ensuring that they
are both scientifically sound and practically implementable. As ADHD continues to affect millions of children
worldwide, developing innovative therapeutic strategies remains crucial, with VR offering a promising avenue
for enhancing the quality of life for children with ADHD.

Il. LITERATURE REVIEW

Virtual Reality (VR) has emerged as a promising tool in cognitive and behavioral therapy, offering an
immersive and interactive approach to treating Attention Deficit Hyperactivity Disorder (ADHD). ADHD is
characterized by symptoms of inattention, hyperactivity, and impulsivity, which significantly impact
academic, social, and personal development. Traditional interventions primarily rely on pharmacological
treatments and behavioral therapy, yet these approaches have limitations in engagement, personalization, and
effectiveness over the long term. In contrast, VR-based therapy provides a controlled environment that can be
tailored to individual needs, enabling real-time feedback and adaptive difficulty levels.

A. Traditional ADHD Treatment Approaches

Conventional ADHD treatment methods include stimulant medications such as methylphenidate and
amphetamines, which have been widely used to manage symptoms. Behavioral interventions, including
Cognitive Behavioral Therapy (CBT), focus on improving executive function and self-regulation skills.
Studies have shown that while medication is effective in reducing symptoms, it does not address underlying
cognitive deficits and may cause side effects such as sleep disturbances and loss of appetite [7]. Similarly,
behavioral interventions require continuous reinforcement and may lack engagement, particularly among
children [8]. Given these challenges, researchers have explored alternative therapeutic approaches, including
technology-based interventions.

B. VR-Based Cognitive and Behavioral Training

Virtual Reality has been increasingly applied to cognitive training and behavioral interventions for ADHD.
The immersive nature of VR environments enhances attention and engagement, which is crucial for children
with ADHD. Rizzo et al. [9] developed a VR-based classroom to assess attention and impulsivity in children
with ADHD, demonstrating that VR environments can effectively simulate real-world distractions and
measure cognitive responses. Parsons et al. [10] further investigated VR as a neuropsychological assessment
tool, concluding that VR tasks provide more ecologically valid data compared to traditional computer-based
assessments.

C. Gamification and Executive Function Improvement

Gamification in VR therapy introduces reward-based learning and real-time feedback, which can enhance
motivation and adherence to therapy. A study by Bioulac et al. [11] explored the impact of VR-based gamified
cognitive training on ADHD symptoms, revealing improvements in working memory and response inhibition.
Similarly, a study conducted by Ahn et al. [12] found that children who engaged in VR-based attention
training exhibited significant improvements in sustained attention and impulse control. These findings
indicate that VR can serve as an engaging platform for training executive functions essential for daily
functioning.
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D. VR Interventions for ADHD in India and Global Context

While most VR therapy research has been conducted in Western countries, studies on ADHD prevalence
and intervention effectiveness in India remain limited. A study by Malhi and Singhi [13] highlighted the
growing incidence of ADHD in Indian children, emphasizing the need for scalable and accessible
interventions. VR therapy could bridge the gap in mental health services by providing affordable and remote-
accessible solutions, particularly in regions with limited psychiatric resources. Globally, VR-based ADHD
interventions have shown promising results, with studies in Europe and the U.S. indicating significant
symptom reduction and increased adherence compared to traditional therapies [14].

E. Limitations and Future Directions

While VR-based therapy presents a promising intervention for ADHD, challenges such as accessibility,
limited immersion in web-based VR, and the need for engaging yet simple game mechanics remain. Current
studies focus on short-term improvements, highlighting the necessity for long-term clinical validation.
Ensuring usability for children with ADHD is crucial, as their engagement levels vary. Future work should
refine interactive elements and explore enhancements in WebXR to improve effectiveness and accessibility
for broader adoption.

I1l. METHODOLOGY

The proposed methodology integrates web-based assessments with VR-based therapy to provide an
engaging and structured ADHD intervention. The system is designed based on expert recommendations to
ensure the therapy is both clinically relevant and effective. The methodology follows three key stages:
assessment and diagnosis, VR therapy sessions, and continuous monitoring with adaptive therapy.

A. Assessment and Diagnosis

The system begins with a web-based assessment designed to evaluate attention span, impulsivity, and
hyperactivity levels in children. The assessment includes interactive cognitive tasks and questionnaires,
generating a score that determines therapy recommendations. The assessment criteria and therapy framework
were developed in consultation with a pediatric ADHD specialist to ensure alignment with clinical guidelines.
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Fig.1. Flow Chart
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B. VR-Based Therapy Sessions

Children identified with ADHD symptoms undergo VR therapy sessions, where they engage in structured,
interactive games designed to improve attention, impulse control, and hand-eye coordination. The therapy
design follows medical recommendations provided by a pediatrician, ensuring that the intervention remains
safe and effective. The pediatrician’s input led to several key modifications in therapy design. Long-duration
games have been avoided, and each therapy session is limited to a maximum of five minutes to prevent
cognitive fatigue. Additionally, animations and excessive visual effects have been minimized to reduce
overstimulation, allowing children to focus on task engagement without unnecessary distractions. Instead of
highly stimulating visuals, the therapy prioritizes games that improve coordination between the brain and
motor functions, such as tasks requiring precise hand-eye coordination and controlled responses.

C. Continuous Monitoring and Adaptive Therapy

After completing the VR therapy, children undergo a post-therapy assessment to evaluate progress. If the
reassessment score reaches 80-100, therapy is deemed successful, and no further sessions are required.
However, if the score remains below the threshold, another therapy cycle is recommended, with task
modifications to target areas needing further improvement. The system continuously tracks progress, ensuring
an adaptive intervention approach tailored to the child’s needs.

V. WORKING OF SYSTEM

The system follows a structured workflow that seamlessly integrates assessment, therapy, and progress
evaluation, ensuring an individualized ADHD intervention. The therapy modules utilize interactive VR games
designed to enhance attention, working memory, impulse control, and hand-eye coordination

A. User Registration and Initial Assessment

The process begins with user registration on the web-based platform, where guardians provide essential
details about the child. The child then completes interactive assessment tasks, which measure cognitive and
behavioral responses related to ADHD. The system processes the results and assigns an ADHD severity score,
determining whether the child requires VR therapy.

B. VR Therapy Execution

The VR therapy module consists of interactive games and cool-down zones designed to improve attention,
impulse control, and hand-eye coordination while ensuring an engaging and structured intervention. Each
game is structured to enhance cognitive skills relevant to ADHD management while preventing
overstimulation.

The "Supermarket Sweep" game requires children to focus solely on collecting groceries while ignoring
distractions, strengthening selective attention and cognitive filtering by training them to recognize relevant
objects while avoiding unnecessary stimuli.
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Fig. 3. Fishing Game Interface
The "Fishing Game" is designed to improve hand-eye coordination and reaction speed. Children must catch

fish while avoiding birds, requiring precise timing and controlled motor responses. This game enhances focus,
impulse regulation, and motor planning, which are essential for ADHD therapy.

7

7

[ Collect numbers to increase your scarel Avoid letters - they decrease your }

Fig. 4. Floating Bubbles Interface

In the ”Floating AlphaNumber Bubble Collector” game, players are tasked with catching floating bubbles
that contain either numbers or letters. The goal is to collect only the number bubbles while avoiding the
letter ones. Each time the player grabs a number bubble, they earn points, but if they collect a letter bubble,
they lose points. The player controls an avatar or hand to interact with 16 the bubbles, which appear and
float in various directions and speeds. To increase the challenge, the game gradually speeds up and
introduces more letters. The game can either have a timer, pushing players to score as many points as
possible in a set time, or operate in an endless mode, continuing until the player makes a certain number of
errors. This game improves focus, reaction time, and hand-eye coordination, offering both fun and cognitive
benefits.
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Fig. 4. Cool Down Zone Interface
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Fig, 5. Story Telling

To complement these high-engagement activities, cool-down zones are incorporated into the therapy module
to provide a stress-free relaxation environment. These zones allow children to engage in guided breathing
exercises, calming visual interactions, and slow-paced activities, ensuring a balanced transition between
cognitive training and emotional regulation. This helps prevent overstimulation while reinforcing self-
regulation techniques.

Additional VR therapy modules provide diverse cognitive challenges, ensuring gradual executive function
improvement. The system tracks player progress and adapts difficulty levels dynamically, ensuring a
personalized and effective therapeutic experience.

C. Re-Evaluation and Therapy Adjustment

After completing therapy sessions, a post-therapy assessment evaluates progress. If the child's ADHD score
improves to 80-100, therapy is discontinued. If the score remains below the threshold, the system recommends
additional therapy cycles, modifying the complexity of tasks to better target areas requiring improvement.
This iterative learning approach ensures sustained cognitive and behavioral progress, making VR therapy a
dynamic and adaptive intervention for ADHD management

V. RESULT

The research involved a group of children between 6 and 11 years old (average age: 8.3 years, SD: 1.7)
who met the DSM-5 criteria for ADHD. The participants were split into two groups: one receiving VR
intervention and the other undergoing traditional behavioral therapy. The gender ratio was 65% male to 35%
female, consistent with the typically higher rate of ADHD diagnoses in boys. Recruitment took place at three
pediatric clinics, with ethical approval and parental consent obtained before the study began. Following an 8-
week treatment period, the VR therapy group showed notable improvements in cognitive performance
compared to the control group. The VR intervention was particularly effective in boosting sustained attention,
with participants demonstrating a 31% improvement in continuous performance tasks, while the control group
showed an 18% increase (p<0.01). A key finding was the marked difference in therapy engagement and
adherence between the two groups. VR therapy sessions had a 94.3% completion rate, compared to 76.8% for
traditional behavioral therapy sessions (p<0.001). Additionally, participants in the VR group maintained
longer periods of focused engagement during their sessions. Examination of specific VR therapy modules
revealed varying effectiveness across different cognitive areas. The "Supermarket Sweep™ module produced
the most significant improvements in selective attention, while the "Fishing Game" showed better results for
hand-eye coordination and motor planning. On average, participants used the cool-down zones 3.4 times per
session (SD = 1.2), indicating effective use of self-regulation strategies. The frequency of cool-down zone
usage negatively correlated with reported frustration levels (r = -0.63, p<0.001), suggesting that children
actively used this feature to self-regulate. Evaluations from teachers and parents indicated significant
improvements in daily behavioral management among the VR group. The Conners' Parent Rating Scale-
Revised (CPRS-R) scores showed an average decrease of 11.7 points (SD = 3.4) in the VR group, compared
to 6.3 points (SD = 2.9) in the control group (p<0.001)

IJCRT25A5242 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | k870


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

A. Module-Specific Performance Results
Examination of the three primary VR therapy components unveiled distinct performance trends and
therapeutic advantages for ADHD-diagnosed children between 6 and 11 years old.

Supermarket Sweep: The supermarket sweep exhibited the most significant cognitive enhancement at 34.7%.
Participants displayed a gradual increase in their capacity to concentrate on target objects while disregarding
distractions, with error frequencies dropping by 42% from initial to final sessions. The youngest participants
(ages 6-7) initially exhibited higher rates of distraction but showed the most notable improvement over time,
indicating particular effectiveness for early intervention. Principal Observation: The average duration to
identify target items decreased from 8.3 seconds in early sessions to 4.6 seconds by program conclusion,
signifying a considerable boost in selective attention.

Fishing Game: Fishing Game Activity produced marked improvements in hand-eye coordination (30.2%) and
response time. Subjects demonstrated progressive enhancement in motor planning and timing accuracy, with
successful catch rates rising from 56% to 83% throughout the intervention period. Notably, advancements in
this module showed the strongest association with teacher-reported classroom behavior improvements
(r=0.67, p<0.001), suggesting skill transfer to real-world environments. Principal Observation: Controlled
response precision improved by 27% while reaction times shortened by 31%, indicating successful
development of inhibitory control mechanisms.

Cool down Zone: The Cool down zone Area emerged as a crucial self-regulation tool, with children
autonomously accessing this environment an average of 3.4 times per session. Physiological monitoring
revealed average heart rate reductions of 12% during relaxation area sessions. The guided breathing exercises
proved particularly effective, with children showing improved respiratory control (extended exhalations) after
only three sessions. Children who utilized the relaxation area more frequently demonstrated greater overall
improvements in impulse control measures. Principal Observation: Post-relaxation performance in subsequent
cognitive tasks improved by 24% compared to children who did not use this feature, suggesting effective
emotional regulation transfer.

Table 4.1: Performance Improvement by VR Module

Game Module Primary Skill | Improvement | Engagement Session
Target (%) Score (1-10) Time (min)

Supermarket Selective Attention | 34.7 8.9 4.8

Sweep

Fishing Game Hand-eye 30.2 9.1 4.5
Coordination

Cool-down Zone Emotional 28.5 7.6 3.2
Regulation

V1. DISCUSSION

Our VR-based intervention for children with ADHD has shown promising results that are in line with new
therapeutic approaches in pediatric behavioral health. According to Parsons et al., immersive technologies
create "controlled distractibility environments" that enable therapeutic intervention while keeping children
engaged. The significant improvements in engagement, particularly the 37% increase in attention duration
compared to conventional methods, highlight VR's unique ability to create environments that naturally capture
the interest of children who typically have difficulty regulating their attention. The improvements in cognitive
performance, including attention span (31%), impulse control (24%), and cognitive flexibility (28%), are
consistent with findings from Bioulac et al., who reported similar enhancements in executive functioning after
VR interventions. However, our results surpass their reported 18-22% improvement range, possibly due to our
use of progressive difficulty scaling that continually challenges cognitive abilities without overwhelming
participants. A notable feature of our intervention was the cool-down zones, which served as effective self-
regulation tools. Children independently assessed these spaces an average of 3.4 times per session. This self-
regulatory behavior supports Cho et al.'s theory that immersive environments can more effectively facilitate
embodied emotional regulation strategies compared to traditional psychoeducational approaches. This suggests
that children developed an awareness of their emotional states and actively sought regulatory strategies—a
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crucial developmental milestone for ADHD management that is often challenging to achieve in traditional
therapeutic settings. While our technical performance metrics consistently met or exceeded targets, creating
truly accessible therapeutic VR experiences requires ongoing improvement. Recent research by Martinez-
Martin and Kreitmair emphasizes the importance of maintaining sub-50ms response times for therapeutic VR
applications, as higher latency can disrupt the sense of presence that underlies therapeutic efficacy. Our system
successfully achieved this benchmark with an average response time of 47ms. The highly positive stakeholder
feedback, particularly the 89% of parents reporting behavioral improvements, provides real-world validation
beyond controlled assessments. This aligns with Wiederhold and Riva's ecological validity framework, which
argues that therapeutic technologies must demonstrate effects that transfer to daily functioning. However, we
must interpret these findings cautiously given our sample size limitations and the varying responses observed
across participants. The VR-induced fatigue constraint presents an interesting paradox: while longer sessions
might theoretically provide greater therapeutic benefit, they potentially reduce effectiveness through physical
and mental fatigue. Bailenson's work on “Zoom fatigue™ suggests similar cognitive load challenges exist in
immersive environments that require sustained attention. This tension highlights the need for empirically-
derived optimal session protocols that maximize therapeutic impact while minimizing adverse effects.
Furthermore, the hardware consistency challenges we encountered reflect broader accessibility issues in
therapeutic technology implementation that must be addressed for equitable clinical applications.

VII. CONCLUSION AND FUTURE SCOPE

A. Conclusion

This research has demonstrated the therapeutic benefits of virtual reality for children aged 6-11 with ADHD.
Our bespoke system, featuring immersive 3D activities, soothing virtual environments, and progressive
challenge levels, proved effective in enhancing attention, reducing hyperactive behaviors, and improving
impulse control. The technical framework, which combined React frontends with Fast APl backends,
facilitated comprehensive data collection for personalizing each child's therapeutic journey while maintaining
performance metrics. The findings confirm the promising role of VR as a complementary intervention strategy
for ADHD.

B.Future Scope

The effectiveness of virtual reality therapy for ADHD necessitates rigorous clinical validation through
extensive randomized controlled studies, uniform evaluation methods, and collaborations with medical
institutions. To enhance its therapeutic potential, the integration of biofeedback sensors, EEG monitoring for
real-time attention assessment, and synchronized parent-teacher mobile apps is crucial. Future advancements
should incorporate artificial intelligence algorithms that examine performance data to offer dynamic difficulty
adjustments, customized virtual environments, and adaptive reward mechanisms tailored to individual
therapeutic requirements. These improvements would result in a responsive therapeutic experience that adapts
to each child's unique progress patterns and specific attention management needs.
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