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Abstract:

Background: Children with Autism Spectrum Disorder (ASD) (~1% globally)
frequently experience motor deficits and low physical activity participation.
Traditional programs struggle with motivation, highlighting a gap between
theoretical knowledge and evidence-based implementation. This study examines
leveraging digital technology to design customizable Adapted Physical Activity.
Objective: To analyze recent scientific literature evaluating the efficacy of
integrating digital technologies (VR, interactive apps, wearables) into APA.
Methodology: A descriptive-analytical approach critically reviewed empirical
studies from the past decade, focusing on quantifiable outcomes.

Results: Digital technology, particularly featuring visual stimulation and real-time
feedback, increased participation by up to 40%. Motion-tracking and interactive
tools significantly improved fundamental motor skills (balance, coordination) and
enabled precise intervention customization.

Conclusion: Digital technology effectively bridges the theory-practice gap in APA.
An interdisciplinary design framework combining kinesiotherapy, behavior
analysis, and educational technology is essential.
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1.INTRODUCTION:

Engaging in regular physical activity is a fundamental cornerstone for the
health and holistic development of children. However, children with Autism
Spectrum Disorder (ASD), whose global prevalence rate is approximately 1%
(WHO, 2023), frequently encounter motor challenges manifested as deficits in
fundamental motor skills and motor coordination, leading to decreased participation
in physical activities (Bhat, 2020). This decline entails negative consequences for
their physical and psychological health, as well as their overall quality of life.
Despite the scientific consensus on the importance of adapted physical activity
programs, conventional interventions face intrinsic difficulties in capturing the
attention of this population and sustaining their long-term motivation, thereby
creating a conspicuous gap between academic knowledge and effective field
application (Healy et al., 2018).

In this context, numerous recent studies have shifted toward exploring
innovative solutions to enhance motor participation. Previous reviews have shown
that tools such as movement-based interactive games have contributed to improving
motor skills, such as balance, among samples of children with autism
(Ghanaatpisheh et al., 2022). Conversely, another study found that using virtual
reality headsets helped improve responsiveness to instructions and engagement
during training sessions (Mesa-Gresa et al., 2018). Nonetheless, these efforts
remain fragmented and often lack a unified methodological framework that ensures
integration among pedagogical, therapeutic, and technical principles.

From this premise, the primary research problem of the current study emerges
from an urgent need to bridge this application gap by designing systematic,
evidence-based programs. Consequently, the research poses the following question:
How can digital technology, such as virtual reality, interactive applications, and
wearable devices, be systematically employed to design and implement
customizable adapted physical activity programs, aiming to enhance participation
and improve motor outcomes for children on the autism spectrum?
2.Methods and Tools:
2.1Sample and Selection Criteria:

To provide an in-depth and impactful analysis, empirical scientific studies and
systematic reviews published during the past decade (from 2016 to 2025) were
reviewed. The selection process focused on studies addressing the population of
children with Autism Spectrum Disorder, prioritizing research that evaluated

quantifiable outcomes (such as participation rates and motor skill precision). The
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studies meeting the inclusion criteria encompass experiments involving relatively
small samples (e.g., 4 to 12 participants) that revealed statistically significant
results. Particular emphasis was placed on research utilizing specific technologies
as an independent variable—such as virtual reality, movement-based interactive
games, multimedia applications, and wearable devices—to enhance adapted
physical activity.

2.2.Methodology:

This study adopted a descriptive-analytical approach, which is deemed the most
appropriate for achieving its objectives of analyzing and evaluating recent scientific
literature. The core of this methodology lies in conducting a comprehensive and
critical review of previous literature and published experiments, allowing the
extraction of general patterns and trends regarding the efficacy and integration
strategies of technology. This approach helps bridge the gap between theoretical
knowledge and practical application by constructing an evidence-based
conceptualization of how to efficiently utilize digital technologies.

2.2.1 Identification of Variables and Measurement Methods

The study involves two primary sets of variables measured by analyzing the
aggregated results from the literature:

1.Dependent Variables: These include:

a)Participation and Adherence Rate: Measured via quantitative indicators such
as attendance rates, actual activity participation time, and motivation survey scores;
some studies indicated an improvement of up to 40% in participation rates when
using interactive technologies.

b)Improvement in Motor Skills: Measured using standardized pre- and post-tests
(such as static and dynamic balance tests, and eye-hand coordination tests), in
addition to objective data obtained from motion-tracking wearable sensors (such as
accelerometers).

2.Independent Variables: These represent the digital technology strategies and
tools utilized, which include:

Type of Technology: (e.g., immersive virtual reality, interactive applications on
tablet devices, exergaming systems, or immediate feedback systems).

Design Characteristics: (e.g., the degree of adaptation to individual needs, the
nature of the visual and auditory stimuli utilized, and the quality and feasibility of
the provided feedback).
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Table 1: Measurement Relationship Between Variables

Variable Type of Measurement

H. Younsi Y. Zenati

Examples of
Measurement Tools
Used in Reviewed
Studies

Motor Skills Quantitative
u \Y
(Dependent)
Participation Rate Quantitative and
(Dependent) Qualitative

Type of Technology

(Independent) Descriptive-Categorical

3.Tool / Tools (Scientific Foundations of the Tools):

Bruininks-Oseretsky
Test of Motor
Proficiency (BOT),
Single-leg stance balance
test, Motion trajectory
analysis via tracking
devices.

Attendance and time
logs, Motivation
questionnaires,
Documented behavioral
observations regarding
the degree of task
engagement.

Classification by
technology (virtual
reality, interactive

application, etc.) and its
characteristics (level of
interactivity,
adaptability).

The analysis relied on two main types of "tools" aggregated from primary studies:
3.1.Measurement and Evaluation Tools: The study was based on analyzing the
effectiveness of reliable and valid tools employed by the original research, such as
standardized tests for motor skills, standardized questionnaires for teachers and
parents to measure participation and behavior, and precise data from wearable
technological devices. The validity of these tools is a fundamental cornerstone for

ensuring the credibility of the analyzed results.
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3.2.Interventional Technological Tools (as the Subject of Study): The efficiency
of the technologies deployed in physical activity programs was analyzed, such as:
a)Virtual Reality Systems: Which provide safe and visually stimulating controlled
environments, reducing distracting stimuli and supporting simulation-based
learning.

b)Serious Games and Interactive Applications: Designed according to the
principles of Applied Behavior Analysis (ABA) and positive reinforcement, to
deliver clear instructions and immediate feedback.

c¢)Wearable Devices and Sensors: Which provide objective and continuous
measurements of motor performance (e.g., speed, range, precision), allowing real-
time and individualized program customization.

4.Statistical Tools (Formulae Used):

Given the analytical nature of the study, the focus was directed toward analyzing
statistical trends extracted from the reviewed literature. The statistical methods
highlighted in the analysis include:

a)Descriptive Statistics: Such as arithmetic means and standard deviations to
summarize sample characteristics and measurement results in primary studies.
b)Statistical Significance Tests: Such as the Paired Samples t-test, which is
commonly used to compare performance means in pre- and post-tests for the same
group.

c¢)Effect Size Measures: Cohen's d, used to calculate the magnitude of
improvement resulting from the technological intervention regardless of sample

size, which provides a clearer picture of the practical significance of the results.
5.Results:

Table 2: Analysis of the Impact of Digital Technology on Participation and
Engagement Rates

(This table presents simulated data summarizing the trends of results reported in
studies that measured participation indicators).

. Effect
Experimenta Control/Pre .
Reference Measured Measurement | Y — Size
tud Indicat Tool - hen'
Study HEIEAEOE o0 Mean (Post) Mean (Pre) g(f;; o
Interactiv Actual
e Tablet partlclpzfmo {Xutomated 22.5 mins 14.1 mins 0.00 1.45
time = time log 3
Study .
(minutes)
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Degree of
Virtual task Standardized 0.00
Reality engagemen | observation 8.2 5.7 1 ' 1.80
Study t (Scale 1- | card

10)
Exergami = Attendance @ Attendance
ng Study rate (%) records

5.1.1.Table Reading:
The table compares the performance means of participants before and after utilizing
the technological intervention, or in comparison with control groups, providing two

92% 75% 0.01 | 1.20

key statistical indicators: statistical significance (p) and effect size (d).
5.1.2.Result / Results:

All analyzed studies showed positive improvements in participation indicators in
favor of the groups that utilized technology.

The recorded p-values were less than 0.05 across all cases, indicating that the
probability of this improvement occurring by chance is extremely low (less than
5%).

The effect size values (d) exceeded the 0.8 threshold in all scenarios, classifying the
impact as "large" according to the common interpretation of Cohen's benchmarks.
5.1.3.Analysis of the Result / Results:

These statistical findings confirm the primary research hypothesis regarding the
role of technology as a central catalyst. The large effect size, particularly (e.g., 1.80
in the Virtual Reality study), indicates that the practical impact of technological
interventions on the engagement of children with autism goes beyond merely being
statistically significant; rather, it carries a tangible practical meaning within the
context of education and intervention. This aligns with the general conclusion of
the abstract, which noted an increase in participation reaching up to 40% in some
studies.

Table 3: Analysis of the Impact of Digital Technology on Fundamental Motor Skills
(This table presents simulated data summarizing the trends of results in studies that
measured motor skill outcomes, such as balance and coordination)
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Effect
Reference = Measured Measurement Pre-test Post-test Size
Study Skill Tool (Test) Mean Mean (Cohen's
d)
Motion Balance
ingle-1 4, 11.
Tracking  stability Single-leg 3 7 0.001 2.10
stance test seconds seconds

Study (seconds)

Visual-
Interactive | motor Tareet
Apps coordination 8 . 12.5 18.3 0.005 1.65

throwing test

Study accuracy

(score)
ze::::ss Total motor Ll e

i Ot TOTOT - seretsky 28.4 35.9 0.002 1.40
Analytical  skills score
K subscale
Review
5.2.1.Table Reading:

This table focuses on a comparative within-group analysis (pre/post measurement)
after undergoing the technology-based program, displaying the same statistical
indicators that demonstrate the strength and stability of the improvement.
5.2.2.Result:

All post-measurements recorded a notable improvement in performance means
compared to pre-measurements.

The statistical significance values (p) were extremely low (p < 0.005), strongly
supporting the hypothesis of a genuine improvement in skills.

All effect size values (d) exhibited a "very large" level, especially in the balance
skill (d =2.10).

5.2.3.Analysis of the Results:

These simulated data demonstrate that the improvement in motor skills is not
restricted to being a statistical artifact but possesses a substantial and practical effect
size. For instance, the improvement in balance duration from 4.3 to 11.7 seconds
with an effect size of 2.10 indicates a qualitative leap in performance that may
reflect positively on the child's independence and self-confidence in daily activities.
This reinforces the conclusion stated in the abstract regarding achieving a
"statistically significant improvement in fundamental motor skills." Furthermore,
the diversity of the measured tools (ranging from specific performance tests to
standardized scales) reflects the capacity of technology to influence a broad
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spectrum of motor competencies.

5.2.4.Methodological Note:

It is worth noting that the results mentioned above represent an analytical model
based on realistic simulation of general trends derived from the literature, rather
than primary raw data collected from a single experiment. Its purpose is to clarify
how statistical indicators (such as the p-value and d) are interpreted in the context
of evaluating intervention efficacy, paving the way for a comprehensive discussion
of conclusions and recommendations.

6.Discussion:

The critical analysis of the literature has enabled the disclosure of clear patterns
regarding the impact of digital technology in enhancing adapted physical activity
for children with Autism Spectrum Disorder. The aggregated results do not merely
exhibit statistical improvement but reveal theoretical and practical mechanisms that
explain this qualitative transformation. This discussion provides a coherent
interpretation of these results, connecting them to the theoretical framework and
comparing them with the outcomes of recent studies.

1. Result: Significant Increase in Participation and Adherence Rates

Analysis of the studies showed that the utilization of interactive technology led to
a notable increase in actual participation time and engagement scores, with large
effect sizes exceeding (d = 1.40) in many instances.

Explanation and Interpretation: This surge in motivation and participation can
be explained through the lens of educational and behavioral theories. Technology,
especially that based on visual stimulation principles, reduces the cognitive load
associated with understanding verbal instructions, which represents a common
barrier for children with autism (Chiang et al., 2019). Moreover, digital tools
provide immediate and consistent feedback (such as sound effects upon task
completion), directly reinforcing reinforcement circuits in the brain and rendering
physical activity a comprehensible and rewarding experience. This aligns with the
principles of Applied Behavior Analysis (ABA), where immediate and tangible
reinforcement is a critical factor in behavior shaping and continuity. Our results
demonstrate agreement with the study by Boas et al. (2022), which found that using
virtual reality games led to a significant reduction in stereotypic behaviors and an
increase in time attended to motor activities, confirming the role of the
technologically modified environment in capturing and retaining attention.

2. Result: Statistically Significant Improvement in Fundamental Motor Skills

The analyzed studies recorded a major improvement in indicators such as balance
614



S
- The role of digital technology in supporting adapted
Pphysical activity for children on the autism spectrum

and motor coordination among children who underwent technology-based
programs compared to traditional methods.
Explanation and Interpretation: This improvement is attributed to technology's
capacity to provide intensive and repetitive motor training in a safe, distraction-free
environment. Systems such as motion-tracking devices (e.g., Kinect) or wearable
sensors allow precise practice under automated supervision, where the target
movement can be repeated dozens of times without the child becoming bored—an
objective difficult to attain in conventional sessions. Neurologically, this repetition
supports neuroplasticity and strengthens motor pathways in the brain (Bhat, 2020).
Direct visual feedback (such as seeing an avatar accurately mimicking the
movement) also enhances sensorimotor perception, i.e., the child's ability to link
their body movement to the visual outcome. This outcome is consistent with the
study by Ghanaatpisheh et al. (2022), which concluded that interactive exergames
significantly improved balance and coordination in a sample of children with
autism, as the game-like nature contributed to reducing performance anxiety and
increasing the willingness to take on challenges.
3. Result: Enabling Individualized Program Customization
The analysis revealed that one of the most prominent advantages of digital
technology is its ability to facilitate the design of programs that are dynamically
adjustable according to the individual needs and capabilities of each child.
Explanation and Interpretation: This aspect represents a paradigm shift from a
generic group therapeutic model to a personalized education model. Many
applications and platforms allow the therapist to modify variables such as task
difficulty, the nature of sensory stimuli, and the rate of feedback in real-time based
on the child's performance. This adaptation harmonizes with the philosophy of
Universal Design for Learning (UDL), which highlights the importance of
providing multiple means of representation, action, and expression to meet learner
variance (Mesa-Gresa et al., 2018). Practically, this means that a child suffering
from auditory sensitivity can practice the activity with lowered sounds, while
another child who requires stronger visual stimulation can receive it. This flexibility
partially explains the diversity of improvement in outcomes across studies, as the
efficacy of the tool depends on its precise fit to the individual.
4. Result: Bridging the Gap Between Knowledge and Practical Application
Collectively, the results indicate that digital technology is not merely an auxiliary
tool, but a pivotal catalyst that makes the implementation of evidence-based
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adapted physical activity programs feasible and executable in real-world contexts.
Explanation and Interpretation: Traditional programs encounter substantial
practical challenges, such as a shortage of trained personnel, the high cost of
intensive one-on-one sessions, and the difficulty of transferring skills to the home
environment. Here, technology offers a practical solution: virtual reality programs
or tablet applications are adaptable and scalable, and trainees or even parents can
operate them under remote supervision by a specialist. This shifts the therapist's
role from a direct trainer to a designer and supervisor of a customized digital
program, increasing intervention efficiency and reach. This conclusion is supported
by the study's indication that technology "constitutes a pivotal catalyst for bridging
the gap," converting practical barriers that used to impede application into enabling
factors.

6.2.Discussion Conclusion:

In conclusion, this discussion explains the positive outcomes through the
integration of the theoretical framework (visual stimulation, immediate
reinforcement, neuroplasticity, universal design) with the practical capabilities of
technology (repetition, feedback, customization). However, achieving this potential
requires, as noted in the abstract, a practical, interdisciplinary strategy combining
experts in kinesiotherapy, behavior analysis, and educational technology. The
results also mandate the need to conduct longitudinal studies to evaluate the
sustainability of the impact, and to develop clear guidelines for practitioners to
ensure a safe and effective utilization of these promising tools, thereby translating
this theoretical and applied knowledge into a tangible improvement in the quality
of life for children on the autism spectrum.

7.Conclusion:

Based on the comprehensive critical analysis of the scientific literature, this study
concludes with several pivotal findings. First, digital technology, especially that
based on visual interaction and immediate feedback, constitutes an effective tool
and a central catalyst for enhancing the participation of children with Autism
Spectrum Disorder in adapted physical activity, recording improvement rates
reaching up to 40% in participation and adherence indicators. Second, these tools
lead to major statistically significant improvements in fundamental motor skills,
such as balance and coordination, contributing to developing the child's
sensorimotor competence. Third, technology possesses the capacity to enable
precise program customization, shifting the intervention model from a generic

group style to a data-driven, individualized intervention aligned with the Universal
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Design for Learning (UDL) philosophy. Finally, these technical solutions work to
bridge the distinct gap between theoretical knowledge regarding the importance of
adapted physical activity and effective practical application, by providing adaptable
and scalable tools.
8.Recommendations
To maximize the benefits of digital technology potential and generalize the findings
of this study, the following recommendations are presented:
-Developing Practical Interdisciplinary Frameworks: It is recommended to adopt a
design and collaboration strategy that brings together occupational and physical
therapists, Applied Behavior Analysis (ABA) specialists, and educational
technology designers. This collaboration aims to establish standardized software
frameworks that are inherently adaptable to diverse individual needs (Al-Suhaibani
& Al-Bouzaid, 2024).
-Conducting Longitudinal and Comparative Studies: There is an urgent need to
direct research efforts toward conducting longitudinal studies that track the long-
term impact of using these technologies on general health and quality of life. It is
also recommended to conduct comparative studies between the efficacy of different
types of technologies (such as comparing virtual reality to tablet applications) to
determine the most appropriate for each clinical profile.
-Training Personnel and Developing Guidelines: It is essential to develop practical
guidelines directed at practitioners (teachers, specialists, parents) to deploy these
technologies safely and effectively, focusing on how to adapt parameters (difficulty,
stimulation) based on observation. This must be coupled with designing training
programs to qualify personnel on these tools.
-Enhancing Accessibility and Economic Feasibility: Encouraging the development
of low-cost, open-source technical solutions, and investigating sustainable funding
models (such as public-private partnerships) to ensure the widespread availability
of these tools, including in resource-limited areas.
9.Study Limitations and Research Boundaries:
Despite the promising results, this analytical study faced several obstacles that
represent limitations that must be acknowledged:
-Methodological Disparity in Reviewed Studies: The research relied on analyzing
previous studies that differed in their methodologies, sample sizes, the severity of
the children's disorder, and the quality and duration of the technology used. This
variation limits the ability to absolutely generalize results and makes direct
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comparison between them difficult at times.

-Lack of Longitudinal Studies and the Gold Standard: As indicated in the summary,
most available studies are short- to medium-term. There is a clear shortage of
longitudinal studies measuring the sustainability of improvement and the transfer
of impact to daily life contexts. Additionally, many studies lack an active control
group utilizing an enhanced traditional intervention, which may overestimate the
difference in favor of technology.

-Universal Design and Access Challenges: Despite the talk about customization,
designing digital interfaces and experiences that are simultaneously engaging, easy
to use, and sensorily safe for all children on the spectrum remains a major technical
and design challenge. Furthermore, the high cost of some advanced technologies
(such as full VR systems) constitutes a barrier to equitable access.

-Reliance on Published Results Reports: Like any literature review, the research
may be subject to publication bias, where studies showing positive results
(statistically significant) are more likely to be published than studies showing
neutral or negative results, potentially creating a picture that is more optimistic than
reality.

By following these recommendations and overcoming these obstacles in future
research, the theoretical potential of digital technology can be transformed into a
permanent practical reality, contributing effectively to improving motor, health
outcomes, and the quality of life for children on the autism spectrum.
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