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ABSTRACT

Advancements in technology-driven interventions have significantly
expanded opportunities for game-based learning and personalized
cognitive training for individuals with Autism Spectrum Disorder
(ASD). This paper presents "Flexifun", a web-based application
platform designed to strengthen conceptual understanding and
cognitive alertness among ASD patients through engaging,
therapeutic game modules. Drawing upon systematic reviews and
evaluative studies of digital games, serious games, and mobile
applications, the proposed architecture integrates evidence-based
modules for emotional recognition, theory of mind, executive
function, and social communication, accessible via an intuitive user
interface and monitored through a therapist dashboard for
individualized feedback.
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Autism Spectrum Disorder (ASD) is a complex
neurodevelopmental disorder characterized by
difficulties in social communication, emotional
regulation, and cognitive flexibility. These
difficulties affect the daily activities of the
individuals and their dealings with other people,
hence the need for successful intervention which
should be accessible and personalized. Traditional
therapeutic approaches, although useful, fall short
regarding scalability, engagement, and fitting to
individual needs. In turn, technology-driven
interventions have emerged as promising tools to
complement and enhance conventional therapies.
Among them are game-based learning platforms
that capitalize on the motivational and interactive
aspects of digital games to actively engage users
while targeting various cognitive and social skills.
Such programs offer structured building of skills
through repeatable, adaptable, and measurable
activities customized for individuals with ASD. It

integrates specialized modules on emotional
recognition, theory of mind, and executive
functioning, and social communication. On the
platform, interaction between users and therapists
is seamlessly made through a dedicated dashboard
where one can monitor in real time, track progress,
and customize learning activities.

Flexifun envisages bridging the existing gaps in ASD
therapy through serious games and digital
interventions and offers a highly scalable, user-
friendly solution to support cognitive development
and enhancement of social skills. The system
architecture is informed by multidisciplinary research
and best practices in human-computer interaction,
ensuring an engaging yet therapeutic experience that
promotes meaningful learning outcomes.

Background
Autism Spectrum Disorder includes a wide variety of
neurodevelopmental disorders that are characterized
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by difficulties in social communication, restricted and
repetitive patterns of behaviors, and difficulties in
emotional regulation and executive functioning. The
core difficulties often limit the full participation of
people with ASD in daily activities and social
environments. Traditional behavioral therapies offer
therapeutic support, yet face challenges related to
accessibility, engagement, and scalability. More
recently, digitally enabled interventions using game-
based learning and interactive technologies have
emerged as promising adjuncts or alternatives to
traditional therapies, delivering personalized,
engaging, and adaptable learning experiences to meet
the unique needs of ASD individuals.

Systematic Mapping

The emerging body of literature underlines different
technological solutions that could be used to enhance
skill development in ASD, such as digital serious
games, mobile applications, virtual reality, and
assistive communication tools. Mapping 33 literature
review studies that analyzed 1298 primary papers
shows that their focus relies on social cognition,
emotional recognition, executive functions, and
communication skills. While most of the studies
demonstrate the promise of digital interventions in
enhancing specific abilities, variability in research
designs and a lack of long-term efficacy data remain a
concern. Further, emerging trends emphasize adaptive
learning, multidisciplinary collaboration, and
integration with real-time monitoring through
therapist dashboards for personalized adjustments in
therapy. This mapping underlines both the
opportunities and gaps in current digital ASD
interventions, informing innovative platform
development efforts.

Architecture

The platform architecture of "Flexifun" is
conceptualized to deliver personalized, interactive
game-based learning to individuals with ASD,
supportive of both user engagement and therapist-
guided interventions. Core to Flexifun is a modular
system in which each module covers a specific area
of development, including emotional recognition,
theory of mind, executive function, and social
communication. Structured therapeutic games and
exercises are housed in these modules and are
adaptable based on the needs of individual users.

The intuitive user interface, purpose-built to handle
the sensory and cognitive needs of ASD populations,
makes it easy for users to navigate through the
platform with a high level of engagement. User
actions and progress are then fed into the backend
services responsible for user authentication, secure
data storage, game state management, and analytics

processing. Such backend operations are essential for
consistency, personalized learning pathways, and
long-term tracking of progress.

The therapist dashboard, accessed via the web-based
app, is a unique and integral part of the architecture.
This allows the therapist to monitor user performance
in real time, modify game parameters, and deliver
specific interventions remotely or during face-to-face
therapy. Of course, the system is integrated modularly
to allow for easy addition of new cognitive and social
modules as further research and therapeutic priorities
develop. This architecture creates a closed feedback
loop in which user progress dynamically informs the
therapist's actions, enabling adaptive, collaborative,
and highly effective therapy and learning within ASD
therapeutic paradigms.
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Fig. 1. Functional Workflow of an ASD
Therapeutic Game Platform

Game Development Concepts

Every game module utilizes particular algorithmic
frameworks in order to measure and improve
different skills:

1. Expression Detective: This game measures
prediction accuracy using step-change analysis to
track emotional recognition progress.

2. Why Are They Crying?: Employs error pattern
analysis to identify frequent misunderstanding in
emotional causality.

3. Tone Tracker: Monitors impulse control by
measuring latency and provides impulse detection
and training.

4. Cooking Sequence:* Monitors sequencing of
actions, accuracy, and mistakes while carrying out
multi-step tasks; enhances executive function.

5. Daily Schedule Builder: Evaluates task
sequencing by using Kendall's tau distance to plan
skill development.

6. Great Gift Exchange: A measure of the timing
and latency involved in reciprocity within social
exchanges.
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7. Conversation Starter: This rates communication
quality using weighted metrics of turn-taking,
relevance, and coherence through NLP methods.
The important game modules developed for
Flexifun, with their core concepts and
formulas/analytical — approaches used for
evaluating the user's performance, are explained
here:

1. The Expression Detective -
Accuracy Based Step Change
This module trains emotional recognition through the
presentation of facial expressions for identification.
Algorithmically, the player's accuracy Ais calculated
as the comparison of predicted expressions P; with the

expected expressions E; over n trials:

Algorithm
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where 1 is the indicator function yielding 1 if true and
0 otherwise. Step changes measure improvement over
time:

AA, — A, — A,

This captures the accuracy progression that is
essential for adapting difficulty in a game with the
aim of optimizing learning.

THE EXPRESSIOM DETECTIVE
WHO IS HAPPY?

Fig. 2. Expression Detective: Identifying
Emotions in an Educational Game Interface

2. Why Are They Crying? - Algorithm Error
Pattern Analysis

This game develops empathetic understanding by

interpreting scenarios causing distress. Error patterns

Ep are analyzed statistically, identifying common

misclassifications and their frequencies f; :

E count of e;
=(e;fi =————

p = L] total errors

Cluster analysis-for example, k-means-groups similar

errors, enabling therapists to tailor specific

remediation strategies.

WHY ARE THEY CRYIHGT

Fig. 3. Understanding Emotions: Identifying
the Cause of Sadness in a Game-Based
Activity Interface

3. The Tone Tracker — Latency Impulse Control
Check

This module measures impulse control by quantifying

reaction latency Lin responding to auditory tone

changes. Latency is defined as the difference in time

between the stimulus onset ts, and the user response
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A statistical control chart monitors latency variability
and detects impulsivity events exceeding pre-defined
threshold 0:

Continuous tracking of L supports behavioral
modulation interventions.

Fig. 4. Tone Tracker: Recognizing Emotions
through Spoken Cues in a Game Environment
Interface

4. Cooking Sequence — Error Tracking

Here, users follow multistep sequences for virtual
cooking tasks. Errors E involve omissions or missteps
detected at each sequence step s;:

s

E— b . [; if incorrect step execution

[ .
v otherwise

i

Sequential accuracy Sa quantifies the outcome:
E
5, —-1- =

Tracking step-by-step errors helps to reinforce
executive function skills.
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BAKE A COQEIE

Fig. 5. Sequencing Activity: Arranging Steps
to Bake a Cookie Interface

5. Daily Schedule Builder — Sequencing Accuracy
This activity enhances planning by having players
arrange daily tasks into correct temporal order. The
sequencing accuracy SQ is computed using Kendall's
tau distance T between user sequence U and target
sequence T:

5@ =1—
where nis the number of scheduled tasks. SQ ranges
from 0 (completely incorrect) to 1 (perfect order).
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Fig. 6. Sequencing Activity: Daily Schedule
Builder Interface

6. Great Gift Exchange — Reciprocity Latency
This social reciprocity game tests the timing R¢ and
appropriateness in turn-taking. Reciprocity latency
RL is measured as the temporal difference between
receiving an action and reciprocation:

RL = tl"csr.u:msc -

tacticn received

Optimal RL windows are predefined, with deviations
indicating potential social timing challenges, which
help with tailored social reciprocity training.

Fig. 7. Reciprocity and Turn-Taking: The
Great Gift Exchange Activity

7. Conversation Starter — Communication Quality
This module simulates conversational exchanges,
scoring participants on the communication quality CQ
based on turn-taking, relevance, and coherence. CQ is
modelled as a weighted sum:

C=w

L L
i

=

TQ+ Wy - BO + W3- C0 onorence

where:

TQ= turn-taking quality score,

RQ-= relevance score,

CQcoherence = cOherence score,

wi= assigned weights reflecting importance.

Through NLP techniques, relevance and coherence
are assessed.
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Fig. 6. Conversation Starter: Choosing
Appropriate Responses in Social Situations
Interface

This suite of games in Flexifun leverages algorithmic
accuracy, latency measurements, pattern analysis, and
advanced behavioural metrics to provide precise,
adaptive, and comprehensive training across cognitive
and social domains for ASD patients.

Implementation and Results

Flexifun was implemented as a modular web-based
platform, integrating specialized therapeutic games
targeting emotional recognition, theory of mind,
executive function, and social communication in
individuals with ASD. Using state-of-the-art frontend
and backend technologies, the UI was crafted to be
intuitive and to adapt to sensory preferences, thus
making it accessible to a wide variety of ASD
profiles.  The  backend services handled
authentication, real-time data storage, analytics, and
syncing user progress with therapist dashboards.

Each game had precise tracking and analytic
algorithms, such as accuracy step changes and latency
measurements, thus providing for targeted skill
assessment and adaptive difficulty scaling. Final
results indicated that Flexifun provides a scalable,
effective digital adjunct therapy tool, bridging key
gaps in the currently available ASD interventions by
supporting individualized cognitive and social
development with evidence-based, game-based
learning. The modular architecture and rich analytics
enable ongoing refinement and personalized
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experiences, suggesting strong potential for broader
adoption in both clinical and home settings within
ASD.
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Fig. 7. FlexiFun : Home Page
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Fig. 7. FlexiFun : Progress Report Tracker

Ease to use

Flexifun's interface aims for simplicity,
adaptability, clear visuals, customizable settings for
sensory needs, and responsive interaction designs.
User-centric controls and accessible therapist tools
facilitate the users in sustained participation and
effective monitoring. In support of usability, these
commitments enable participants across the ASD
severity spectrum, sustaining long-term therapeutic
adherence.
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Fig. 7. FlexiFun : Login Page

Methodology

It applies a mixed-method framework: the recruitment
of children and adolescents diagnosed with ASD,
baseline and post-intervention assessments using
standardized tests and in-game metrics, real-time
therapist monitoring, and qualitative experience

collection from stakeholders. Data analysis includes
statistical testing and thematic analysis in testing the
efficacy and user experience of Flexifun, with strict
ethical consideration.

Questions for Further Research

Such issues as generalizing digital skills to real-life
contexts, the long-term effect of assessment,
improving accessibility, and integration with other
disciplines remain open for investigation. The
modular design of Flexifun provides an appropriate
platform for the exploration of these topics in further
studies.

Conclusion

The landscape of technology-assisted ASD
interventions is dynamic and rapidly evolving. While
strong evidence supporting the utility of serious
games, CAI, and web/mobile therapy tools exists-
especially regarding fostering engagement and
driving skill acquisition-further work is needed
around standardization, scaling, and personalization
of solutions. Shared themes within the literature stress
the importance of multidisciplinary teams; shaping
adaptability, accessibility, and personalization; and
rigorous analysis of both short- and long-term
outcomes using robust clinical and real-world
measures. These provide the foundational rationale
and design direction for advanced systems such as
Flexifun to bridge gaps and bring individualized,
technologically enabled support to the ASD
community.
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