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Unidad Profesional Interdisciplinaria en Ingenierı́a,

Mexico

jmorenoe@ipn.mx

Abstract. Children with Autism Spectrum Disorder
(ASD) benefit from personalized visual and cognitive
stimulation. We present Deep Generative Visual
Therapy (DGVT), an interactive system using Generative
Adversarial Networks (GANs) to create tailored visual
content for stimulating children with ASD. Our method
features a custom GAN architecture trained with sym-
bolic and concrete images to generate suitable stimuli
for therapy targets such as attention enhancement,

visual sequencing, and pattern matching. The system,
built on TensorFlow and Keras, is accessible via
Google Colab for real-time control and customization by
therapists and educators. A series of cognitive games
using generated images supports attention, visual
discrimination, and memory. Initial assessments with
therapists and pilot users showed positive engagement,
indicating GAN-generated stimuli can complement
traditional cognitive therapy for ASD. This effort connects
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generative deep learning with neurodevelopmental
treatment to apply adversarial image synthesis in
practical sensory and human-centered applications.

Keywords. Generative, adversarial, networks (GAN),
autism spectrum disorder (ASD), cognitive stimulation,
visual therapy, human-centered AI, deep learning
in health.

1 Introduction

Autism Spectrum Disorder (ASD) is a neurode-
velopmental disorder characterized by symptoms
of social communication, repetitive behaviors, and
restricted interests [1]. One of the great difficulties
in educational and therapeutic efforts is providing
interventions that are customizable to the wide
range of needs among individuals with ASD.

Visual and cognitive stimulation has become
increasingly clear to be an important aspect of the
learning experience of children with autism [12].
Recent progress in generative AI, especially in
Generative Adversarial Networks (GAN), provides
new opportunities to generate personalized visual
stimuli that can improve cognitive function and
attention [10].

The proposed research responds to the pressing
need for sophisticated visual and cognitive
stimulation tools for children with Autism Spectrum
Disorder.

We present a new algorithm for generating
customized dynamic numerical images over static
content using the Generative Adversarial Network,
which outperforms traditional methods. The
main project is called Visual-ASD, and it is an
interactive system specifically designed to tailor
a variety of visual stimuli to facilitate cognitive
testing / rehabilitation in this population. To
perform this study, we first conduct a review of
the literature on visual stimulation and artificial
intelligence methods to identify existing gaps and
novel directions.

For that purpose, we design a custom GAN
model inference capable of creating high–quality
numeral images tailored to the visual perception
and recognition abilities of autistic children. The
experiments include interactive activities such as
memory games and number recall challenges

Fig. 1. Overview of the Visual-ASD framework,
leveraging GANs to create dynamic, personalized visual
stimuli for enhancing cognitive and visual engagement in
children with ASD

to reinforce lesson themes and develop young
viewers’ cognitive skills, Figure 1.

A well-designed testing scheme is employed to
thoroughly assess the effectiveness of the system
in objective metrics such as visual attention,
cognitive response and accuracy as well as
participation.

Further, we take an iterative approach to
iteratively refining the GAN model according to
empirical feedback that it achieves its success.

Admittedly, this work does not only provide a
new therapy tool, but also presents theoretical
and implementation understanding on how deep
adaptive generative network based representa-
tion learning becomes a bridge between deep
end-to-end learning and human-driven therapy
in the future (towards potential applications to
augmented reality and cognitive assistance).
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2 Foundations and Prior Work in
Generative Visual Stimulation for
ASD

The integration of generative artificial intelli-
gence, particularly Generative Adversarial Net-
works (GANs), has emerged as a promising
frontier for the development of adaptive therapeutic
tools. This section reviews the technological foun-
dations of GANs, their application in addressing
the limitations of conventional methods, and their
specific potential to meet the unique needs of
individuals with Autism Spectrum Disorder (ASD),
thus defining the contribution of our proposed
system Visual-ASD.

Introduced by Goodfellow et al. in 2014 [10], the
canonical GAN architecture established a powerful
adversarial framework for data generation.

As shown in Figure 2, it involves two neural
networks—the generator, which generates artificial
data from random noise, and the discriminator,
which assesses whether the generated samples
are simulated real enough as compared to a
genuine dataset. This competition encourages
the generator to generate more and more realistic
results. The inherent capability of GANs to
generate rich and realistic images makes it a
valuable tool for generating dynamic stimuli that are
tailored to the particular perceptual and cognitive
profiles of children with ASD [20]. Also, the
research design of Lugo-Torres et al. (2023) [17]
find that, in GAN-based analyses when data are
scarce or not correctly paired (as is common
for generative systems for therapeutic purposes),
significant improvements of the visual coherence
and the semantic content preservation can be
achieved through suitable data augmentation
strategies. The authors show that processes such
as flipping, rotating or inverting pairs of samples
enables to stabilize training and diminish common
issues like mode collapse and overfitting, which are
particularly important if data availability is limited.

Further architectural developments have in-
creased this capability dramatically. Recent
work like StyleGAN [13, 14] can synthesise
high resolution images with complex, fine-level
details. This is not just baby steps; it’s a
prerequisite for producing educational materials

that can be sufficiently customizable to address
the range of sensory experiences which exist
in autism. However, the use of such powerful
generative models in ASD interventions must be
taken with care and grounded in evidence that
respects both the atypical visual perception as well
as cognitive processing characteristics apparent
within this population [9]. In contrast, Cerino et al.
(2023) [5] propose an investigation that establishes
a relationship between symbols extracted from the
ARASAAC database and Toki Pona, a minimalist
language, in order to evaluate their applicability
as pictograms for AAC systems. Using 194
surveys the authors identified which pictograms
are consistently interpreted as such, providing a
selected set of visual concepts that can be adapted
for symbol based communication. This research
suggests that picture categorization test-01 visual
clarity and iconicity of pictograms are crucial
for users with speech or language disabilities,
including individuals with ASDintellectual impair-
ments, or motor dysfunction. The results also
demonstrate that simplifying the vocabulary, using
sound symbols and creating easily interpretable
correspondences contribute to enhance the ACC
process as well as enable EEG-based devices
and solutions for expert users. Similarly, Cortez
Martı́nez et al. (2023) [6], propose a modification
of the original Morris Water Maze to an increasing
popular mobile VR experience. Pilot test’s results
seem to demonstrate that participants are able to
memorize and learn (at least in the short term) the
visual environment, which can help them perform
even when distractors are present, thus ensuring
the potential value of VR as an available tool for
a cognitive assessment. These results collectively
contribute to a core assumption of this work,
that specifically targeted visual stimulation and
therapeutic mediation through the use of images
offers much-needed potential as an effective
means for communication support and cognitive
strategies within neurodiverse populations.

The current approach to traditional cognitive
intervention for ASD has relied heavily on static
images or rigidly repetitive sequences, with the
goal of developing visual attention and motor
perception [18]. While these approaches have
been found effective, there is growing evidence that
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Fig. 2. Generative Adversarial Network Architecture [10]

they may lack the plasticity and dynamism required
to optimally accommodate the heterogeneous ASD
population. This type of rigidity does not support
the many existing individual differences, which may
limit therapeutic efficacy and development.

In the field of artificial intelligence applied
to mental health, most recent studies have
focused on disorders such as depression, anxiety,
occupational stress, or automatic identification of
personality traits. For example, Bátiz-Beltrán et
al. (2024) [4] developed a Spanish linguistic
resource for inferring personality traits from
text. Meanwhile, Sahoo et al. (2024) [21]
conducted research on monitoring critically ill
patients through smart medical devices and IoMT
infrastructures supported by deep learning models,
while Automatic Depression Detection in Social
Networks Using Multiple User Characterizations
proposes a multimodal fusion model based on
GMU to identify signs of depression by combining
emotions, demographic traits, and users’ thematic
content, outperforming traditional text-analysis
methods (Valencia-Segura et al., 2023) [23].

Although these studies show important ad-
vances in the automatic modeling of psychological
indicators, Autism Spectrum Disorder (ASD) re-
mains underrepresented as a primary area of study
within AI applied to mental health, highlighting a
disadvantage in the development of generative and
multimodal model–based tools such as GANs for

generating personalized visual stimuli specifically
aimed at cognitive and therapeutic intervention in
ASD.

Generative models such as GANs enable a
new paradigm: instead of selecting existing
static materials specific to age, generated content
can be automatically adapted to the child in
question. By dynamically adjusting the visual
curriculum to the child’s developmental level
and changing preferences, GAN-generated stimuli
could overcome the limitations of static content [7,
8]. This adaptive capability is essential for creating
a more personalized and engaging therapeutic
experience necessary to capture attention and
support learning.

The usefulness of GANs goes far beyond simply
generating novel images. From a cognitive
standpoint, they can be used to construct rich
and visually engaging environments explicitly
designed to target and improve specific cognitive
functions such as working memory and visual
discrimination [3, 15]. For example, [22]
demonstrated the use of GANs not only for visual
stimulation but also to promote cognitive activity
through the production of controlled sequences
of numbers and abstract patterns, which proved
effective in improving sustained attention.

A critical advantage of this generative ap-
proach is the capacity for real-time adaptive
feedback. Unlike static systems, a GAN-based
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platform can modulate its output based on
user interaction, thus increasing engagement and
facilitating stronger cognitive connections with the
content. Additionally, the use of personalized
visual stimuli has been associated with reductions
in anxiety and stress levels in individuals with
ASD [2], effectively removing a significant barrier
to skill acquisition and enabling a more effective
learning environment.

The exploration of neural networks for ASD
support is not limited to GANs. Other architectures
have significantly contributed to the field. For
example, Recurrent Neural Networks (RNNs)
have been used by [16] to track the temporal
dynamics of cognitive responses to visual stimuli,
reporting that dynamic image sequences improved
information processing. Similarly, hybrid neural
network systems have been proposed for the
automatic early detection of ASD-associated traits
with high accuracy [19].

Studies such as [11] have explored the inte-
gration of deep reinforcement learning to design
adaptive models that control stimulus complexity
according to the child’s real-time performance.
This approach not only personalizes the therapeu-
tic process but also helps manage cognitive load,
ensuring that challenges always remain within the
child’s zone of proximal development.

In conclusion, the body of work reviewed
here highlights a significant convergence between
technological innovation and therapeutic practice.
The progression from the foundational GAN frame-
work to its modern, high-fidelity variants and its
contrast with conventional static methods outlines
a clear trajectory toward highly personalized
and adaptive intervention tools. Studies on
cognitive engagement and the broader ecosystem
of deep-learning applications further validate
this direction.

Our proposed system Visual-ASD is built
directly on this foundation. It seeks to inte-
grate the high-fidelity generative capabilities of
advanced GANs with a structured framework
of interactive cognitive exercises and a robust
real-time adaptation protocol. In doing so, it
aims to address the identified gaps and offer
a novel and effective instrument for visual and
cognitive stimulation tailored to children with ASD,

contributing both to applied therapy and to the
theoretical understanding of generative AI in
human-centered applications.

A clear practical advantage of GANs is the
ability to work efficiently with small datasets. By
combining methods such as data augmentation,
these networks can produce a wide variety of
visual samples from a small corpus of original
images.

This is especially important in the ASD field,
where obtaining large and unbiased datasets can
be difficult. It also allows researchers and others
to create personalized stimuli representing certain
emotions or social situations, giving children the
opportunity to gradually become familiar with what
might otherwise be overwhelming. Moreover,
GANs hold great potential for diagnostic and
assessment methods.

By producing complex visual data that mimic
a variety of behaviors and states, they can
also be employed to develop more sophisticated
methods for investigating individual responsibility.
This enables a much deeper and data-driven
understanding of a child’s individual needs, making
it possible for clinicians and therapists to design
interventions with an extremely high level of
specificity. Finally, the integration of GANs
with novel technologies such as augmented
and virtual reality paves the way for new
therapeutic approaches.

This synergy allows users to be visually
immersed in virtual worlds, where children can
safely explore and practice social skills and
learning activities without the limitations of the real
world. These game-like systems can significantly
reduce anxiety, improve learning, and promote the
generalization of skills—one of the key limitations
of existing ASD intervention approaches.

Thus, beyond their virtualization capabilities,
GANs provide a multifaceted toolkit for personal-
ization, assessment, and immersion. It is not just
about generating content; rather, they constitute
an underlying technology that helps create more
flexible and responsive systems to support children
with ASD.
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3 Proposed Methodology and
Development Pipeline

3.1 Integrated Technical Stack for Adaptive
Therapeutic Stimuli

The applicative solution Visual-ASD is a technical
stack designed for the cloud that provides visual
adaptive cognitive stimuli with absorbing content
that was powered for Generative Adversarial
Networks.

Built on it can stand alone as package and once
again it grows by being fed into more information.
presents an opportunity for the reuse of pretrained
GANs, include your own images to run in the
app for a mobile yet advanced autism spectrum
type intervention would not be missed if something
existed that could assist with our now and near
future computing facility arrangement/use.

These form the basis for interactive sequencing
and recognition exercises which target specific
stages of cognitive development.

Google Colab serves as a computation layout
that can be scaled to the cloud. Libraries such
as gdown and shutil to get the task of storing
the model thus manage effectively (Retrieve by
accessing resources) the data and Libraries like
NUMPY or Utilities for array operations, OS system
management. For user input, the system uses
IPython and ipywidgets for interactive exercise
interfaces. We visualize the scene with Matplotlib
for visualization, and we edit images with PIL to
indicate reactions to the patient with ASD.

This constitutes a compromise between being
highly computationally efficient and user friendly, in
that it provides for on-line adaptation of the stimuli
to individual user properties including responses.
The tools have been designed with the aim of being
compatible with state-of-the-art generative models
and easily deployable in clinical or educational
settings, thus fostering the development of
personalized therapeutic interactions for children
affected by ASD.

3.2 Core Technical Components and
Interactive Stimuli Design

The Visual-ASD platform includes two main
parts: i) a GAN Training Pipeline, and ii) the
Visual-Cognitive Stimulation Game Suite, devel-
oped specifically for children with ASD, creating
visually realistic images using GANs, which we
have allowed to generate highly commended by
physicians considering its effectiveness in visual
therapy exercises. The GAN Training Pipeline is
implemented and the necessary libraries are first
imported, and then the generator and discriminator
models are defined step by step. Finally, the
network is adversarially trained end–to–end, and
the generator learns to generate realistic synthetic
images, whereas the discriminator adapts its
decision boundary based on the generated and
true data. The training process ends with model
validation and novel imagery generation, making it
safe for use in therapeutic applications.

The second module, Visual–Cognitive Stimula-
tion Game Suite, is organized into an initial setup
phase and a set of interaction exercises. The
configuration includes downloading and setting up
pre–trained GAN models, testing that they are
functioning correctly, and then importing game
libraries. This pretraining step allows the systems
to be set up correctly and adapted for each
user, so that they work stably and reliably before
undergoing further stimulation.

This solution contains five unique interactive
games that were created to stimulate different brain
functions. These range from Visual Matching,
Mouse-Click Based Matching, Interactive Pair
Matching to Numerical Sequencing, mathematical
exercises, and more. All games utilize the
generative power provided by a pre–trained GAN
to generate dynamic, adaptive visual content to
provide an engaging and personalized therapeutic
experience that supports cognitive and visual
processing skill development in children with ASD.

3.3 GAN Training Pipeline

The generator structure is intended to generate
grayscale images from a noise vector and some
conditional label input, Figure 3. The process
starts with the concatenation of these inputs, then
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Fig. 3. Architecture of the GAN generator producing
numerical images for autism therapy

a dense layer that appends this to the features, and
finally reshaping the combined flattened vector into
a 3D tensor. This tensor is then up-sampled with
several transposed convolutional blocks consists
of a Conv2DTranspose layer followed by batch
normalization and ReLU activation. The number
of filters progressively reduces (128 → 64 → 32)
in these blocks, introducing and preserving the
feature maps and increasing the spatial resolution.
The last block consists of a transposed convolution
with a single filter and sigmoid activation function,
resulting in a size output 28×28×1 that represents
the generated image. The hierarchical architecture
supports the learning of features incrementally and
allows the growth of the spatial size of the outputs.

Then, the discriminator scheme is created,
which is a critic part of the GAN, Figure 4. It
discriminates between real vs. generated images
based on the authenticity. The model has two
inputs: i) the image and ii) the corresponding
labels that are concatenated after the labels are
reshape to the image size. This concatenated input
is treated through several layers of convolutions

with LeakyReLU activations, allowing the extraction
of features hierarchically at different levels of
abstraction. The output is raster flattened,
passed through a fully connected layer with a
sigmoid activation function that predicts that the
input image is real or not, i.e. the probability
between 0 and 1. As one of the important
parts of a GAN, the discriminator encourages the
generator to generate more realistic images using
adversarial training.

Fig. 4. Architecture of the GAN discriminator producing
numerical images for autism therapy

The Model Construction for Training is a
method designed to construct and configure the
core components of a Generative Adversarial
Network, Figure 5. First, the input size
and learning parameters are defined and the
base discriminator model is built to evaluate
the authenticity of the generated images. This
discriminator is then configured and compiling
using a binary cross-entropy loss function and
an RMSprop optimizer. The generator model is
then constructed to produce images from noise
input and labels. A frozen discriminator is also
implemented that maintains fixed weights during
the adversarial training process. Finally, the
adversarial model, combining the generator and
the frozen discriminator, is built and compiled to
train the generator by assessing the quality of both
real and generated images. For this adversarial
model, an optimizer with a reduced learning rate
is used to ensure stable adversarial training.

Figure 6 shows the Generative Adversarial
Network training scheme, Visual-ASD, is spe-
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cialized in the generation and adaptation of
a generator and discriminator for visual and
cognitive stimulation. The images from the MNIST

repository are resized and form obliquely for
training. The discriminator is trained to differentiate
real from generated images, when the fake image
produced by the generator and the real ones
are merged. At the same time, the adversarial
network is trained to confuse the discriminator.
This procedure trains the generator to obtain
even more realistic images. Multiple training
steps are used, including periodic assessment
and fine-tuning of discriminator and adversarial
network performance. The samples produced by
the trained models are automatically saved.

The GAN training process consists of creating
and evaluating the three main components of the
network to construct the generator and discrimi-
nator schemes, that is, initializing the generator
(G), the discriminator (D) and the adversarial
model (A). Once the design architecture has been
created. In Python, the summary() method is
used to validate whether our design is indeed
accurate before starting training. The adversarial
training loop, controlled by the training function,
incrementally trains both parts: the discriminator is
trained to discriminate real from generated images
in mixed batches, and the adversarial model trains
the generator to generate more realistic output to
try to fool it. At the end of the training, we estimate
the generator’s performance by processing noise
vectors and numerical labels (0-9) to generate 16
labeled outputs for visualization purposes and to
check if a semantically sound digit representation
can be generated, proving the model capability in
label–to–image mapping.

Finally, Visual-ASD initiates numerical image
generation by processing random input noise
alongside a hot encoded label (for example,
representing the digit 2 or 5), Figure 7. The
generator ingests these inputs and synthesizes
a corresponding numerical image, which is
subsequently rendered in the interface. The
inclusion of random noise is critical for introducing
diversity in the generated outputs; it acts as
a stochastic seed vector, enabling variations in
stylistic features (e.g. rendering the digit 5 with
distinct curvatures or stroke patterns). Without

Fig. 5. Architecture of the GAN training pipeline showing
input processing (noise vector and one-hot labels),
generator and discriminator networks, and adversarial
training loop with gradient flow

Fig. 6. Adversarial training dynamics of the GAN:
Discriminator learns to distinguish real (MNIST) and
generated images, while the generator (via adversarial
loop) improves by fooling the frozen discriminator

this noise, the generator would deterministically
produce identical outputs for each label, severely
limiting its capacity for expressive and novel
image synthesis.

3.4 Visual–Cognitive Stimulation Game Suite

The Visual-ASD project uses a generative model
to create artificial numbers and embed them
in an interactive environment for visual and
cognitive stimulation of children with autism,
Figure 8. These activities range from a
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Fig. 7. Fake digit generation via trained GAN: Noise vector and one-hot label are processed by the generator to
synthesize a digit image

matching game, in which children match numbers
presented in array form (e.g., How many?). to
numerical sequencing and arithmetic tasks that
involve sequence repetition and computation with
graphically displayed digits, respectively. The
generated images are incorporated into interactive
widgets, allowing children to interact and consume
content while learning through a visual experience.

The Visual-ASD protocol includes a grid with
synthetically obtained numeric images, and chil-
dren play the visual matching game, in which they
are required to find identical numbers within a
matrix of digits.

This task builds pattern recognition and attention
to detail using moving visual stimuli, tailored to
the sensory processing preferences of autistic
learners. As players learn and improve, the system
can adjust complexity that supports progressive
skill acquisition in a managed but elastic manner.

Memory-click game of the generator numbers, a
mouse-driven level dedicated to improve interactiv-
ity, as players have to reveal pairs in a generated
numbers by clicking on cells. The interface logs the
skill and response time, instantaneously rewarding
correct responses to aid in learning.

This method not only promotes working memory,
but also hand–eye coordination, and includes

Fig. 8. Architecture of the GAN Visual-Cognitive
Stimulation Game Suite: Synthetic digit generation
drives five interactive games (matching, sequencing,
arithmetic) with real-time feedback and adaptive difficulty
for autism therapy

some interactive components to keep the patient
engaged during their treatment.
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The interactive pair matching exercise adds an
element of difficulty by adding a time challenge
and a visual reinforcement packet to find pairs.
The kids discover pairs of hidden numbers on
a grid; the game monitors progress and adjusts
the level of difficulty according to skill. It helps
develop executive function skills (such as planning
and impulse control) and minimize frustration by
automatically adjusting the difficulty level.

For sequential memory training, the model uses
a number sequence game in which children watch
and reproduce increasingly long sequences of
digits read from the model. Scoring Feedback
involves point tallies for accuracy and speed and
subtracts the points for errors, thereby availing a
balanced feedback system in driving improvement.
The purpose of this drill is to develop short-term
memory and auditory-visual integration skills.

Finally, the arithmetic challenge module uses
generated numbers to create interactive math
problems ranging from simple addition to sub-
traction. Attendants solve equations presented
as visual numbers, while given instant per-
formance metrics that highlight their strengths
and weaknesses. The system is designed to
engage the mind in that you have to solve
problems, answer math questions correctly, and
in turn close relationships between mathematical
dialects produced by children, both domain specific
and global.

4 Experimental Evaluation

4.1 Functional Testing of GAN-Based
Numerical Image Synthesis

The experimental testing consists of two main
processes: testing with the pre–trained model
and targeted fake image generation. The former
demonstrates the generator’s ability to generate
all digits (0-9) using noise vectors and one-hot
labels, and the latter address a detail of generating
specific numbers that is necessary for physical
therapy practice. The two mechanisms use
random noise to create diversity in the visual
output, such that same-label inputs generate
diverse styled image representations. This
variability is necessary to keep children with

autism challenged and engaged during interactive
activities, Figure 9.

We start with the validation of the pre–trained
model to ensure that GAN is functioning. The
approach is quite simple and just generates
random noise inputs attached with one-hot
encoded labels to create 16 fake images for every
digit (0-9) as input. Figure 10 outputs are displayed
to understand whether the generator could
generate reasonable numerical representations on
all categories. For the targeted fake generation,
specific digits (for example, ’2’ or ’5’) are
generated by adding noise to the corresponding
hot labels, generating personalized visual stimuli
for therapeutic exercises. The key to this
approach is then the usage of random noise
vectors, allowing one to impose noise on stylistic
features (i.e., curvature and stroke thickness) for
identical labels. Without this randomness, the
generator would generate a static output, which
would limit its usefulness in generating interesting
cognitive stimuli. This variability is essential for
therapies targeting autism, with dynamic visual
contexts being beneficial to adaptive learning and
prolonged engagement.

4.2 Assessment of Therapeutic
Gaming Interventions

VISUAL-ASD uses an image creator to produce
a matching game that operates on visual stimuli.
The activity generates visual numbers or symbols
that the children must match correctly and aims
to increase both visual and cognitive stimulation
in children with autism. Using cutting-edge
technology, the game grows to fit user needs,
creating a personalized therapeutic experience. As
we show in Figure 11, the game produces ten
pairs of numerical stimuli for visual matching, using
appealing, GAN-produced stimuli to interest the
players in pattern recognition and detail focus.

The second game of Visual-ASD suite employs
a generative network to produce numerical images
shown on screen as a grid with clickable buttons.
Two pairs of identical numbers are revealed
by clicking the buttons that children with ASD
must match (see Figure 12). In-game learning
is constantly assessed and feedback offered
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Fig. 9. Pre-trained Model Validation: Synthetic digit generation (0-9) via GAN using noise vectors and one-hot
encoded labels

Fig. 10. Targeted Digit Synthesis: Stochastic generation
of digits 2 and 5 demonstrating output diversity from
identical labels

instantly, to reinforce your understanding. This
is a memory skills and brain training game
that will challenge your brain and stimulate its
sensory activities, improve logic, mathematical
equations, and cognitive functions along with
spatial intelligence and memory tests. The game
ends when a player makes all ten matches,
the cumulative time taken is shown on as a
performance parameter.

Visual-ASD also has a matching game that
uses a generative image network to generate and
obfuscate pairs of digits. This game involves a
grid of individual numeric images that are initially
hidden beneath clickable buttons. The players
push the buttons and try to find the matching
numbers. After a successful match, the pair is

Fig. 11. Game 1: Visual Matching Game.
Grid of synthetically generated numerical pairs for
associative learning

removed from the board, and once all 10 pairs
have been matched, the game ends (the grid will
be empty). The system logs every interaction
(successes, failures, and overall task time), which
is itself a form of feedback in real time that helps
to stimulate visual and cognitive behavior when
performing an activity for the child with autism.

The sequence game is a GAN-based memory
and cognitive processing promoting game. Players
are shown a sequence of numerals produced by
the model, which they memorize and then replay
in turn. As the player progresses, the sequence
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Fig. 12. Game 2: Mouse-Click Based Visual
Matching. Interactive grid for memory and matching task
performance tracking

length gradually augments, premeditating memory
retention and attentional load. The platform
assesses performance in terms of accuracy
and speed, offering instantaneous feedback for
cognitive enhancement and intelligent learning.

Visual-ASD software also includes a Arithmetic
Exercises, developed for providing interactive
practice of written arithmetic.

This module performs basic math operations, in
the form of addition and subtraction, on numerical
images produced from a generative network.

Users try to solve the shown matrix problems
and system automatically computes their perfor-
mance score according to correctness of answers.

The application includes real-time tracking of
performance status and is designed to increase
active and cognitive participation in children
with ASD.

Fig. 13. Game 3: Interactive Pair Matching. Dynamic
grid with hidden numerical pairs for memory and
matching exercises

5 Conclusions

In this work, we introduced Visual-ASD, a
new generation of interactive gaming combined
with the framework of Generative Adversarial
Networks that directly targets children suffering
from Autism Spectrum Disorder (ASD) in terms
of both visual and cognitive stimuli. The
project showcases the use of cutting-edge deep
learning techniques, such as GAN, to build
dynamic, adaptive, and personalized therapeutic
instruments. Using a variety of interesting
graphical material, it transcends from an ordinary
static intervention technique to implement the scale
problematic and provide open-source access to
neurodevelopmental treatment.

Technically, the combination of TensorFlow,
Keras, and an interactive programming library such
as ipywidgets in the Google Colab cloud-based
app was helpful to create a powerful yet
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Fig. 14. Game 4: Numerical Sequencing. Adaptive memory task with progressively increasing sequence length and
real-time scoring

Fig. 15. Game 5: Arithmetic Exercises. Interactive
math challenges using GAN-generated numerals with
real-time scoring feedback

user-friendly interface. The GAN training pipeline
was able to generate high-quality numerical
images, and the game suite converted these
into exercises aimed at memory, attention, and
executive function. Using noise vectors provided
diversity in the output, which was essential to keep
the patient involved and prevent boredom when
clinicians used the application over long periods.

From a social perspective, Visual-ASD is a
major step toward the development of AI-driven
inclusive interventions. Each game, related to
visual matching, memory monitoring, sequencing,
and arithmetic, was intended to address particular
cognitive abilities in a manner that respects
the sensory needs of autistic students. Its
real-time adaptability and interactive feedback
is consistent with what is well known about

best practice in autism therapy, that it is all
about unique learning pathways and helping
educators/therapists help themselves.

Future efforts will conduct clinical validation
with longitudinal studies, as well as extend to
more general types of stimuli (e.g., objects and
emotions), including integration within augmented
reality for immersive educational scenarios. The
framework is open source to foster collaboration
and modification in therapeutic or educational
domains. Lastly, Visual-ASD demonstrates that
generative AI has a role in developing technologies
with social impact at the convergence of machine
learning and human-centered care.
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