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ABSTRACT

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition characterized by
challenges in social interaction, communication, and repetitive behaviors. Early and accurate
diagnosis is crucial for effective intervention and improved developmental outcomes; however,
traditional diagnostic methods often rely on behavioral assessments that can be time-consuming and
subjective. This paper proposes a hybrid machine learning model for accurate autism diagnosis by
integrating multiple algorithms to enhance prediction performance and reliability. The proposed
system combines techniques such as Support Vector Machines (SVM), Random Forest, and Deep
Neural Networks to analyze heterogeneous data sources, including behavioral patterns, clinical
assessments, and demographic information. Data preprocessing methods such as normalization,
feature selection, and dimensionality reduction are applied to improve model efficiency. The hybrid
approach leverages the strengths of individual models through ensemble learning to achieve higher
accuracy and robustness. Experimental results demonstrate that the proposed model outperforms
traditional single-model approaches in terms of accuracy, precision, and recall. The system provides
a scalable and efficient tool for supporting clinicians in early diagnosis, thereby facilitating timely

intervention and better management of ASD.
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I. INTRODUCTION

Autism  Spectrum Disorder (ASD) is a
neurodevelopmental condition that affects an
individual’s ability to communicate, interact
socially, and exhibit flexible behavior. The
term “spectrum” reflects the wide range of
symptoms and severity levels, making
diagnosis complex and highly individualized.
According to global health reports, the
prevalence of ASD has been steadily
increasing, highlighting the need for efficient
and reliable diagnostic methods. Early
detection plays a crucial role in improving
cognitive, social, and behavioral outcomes

through timely therapeutic interventions.

Traditional methods for diagnosing autism
primarily depend on clinical evaluations,
behavioral observations, and standardized
assessment tools administered by specialists.
While these methods are effective, they are
often time-consuming, subjective, and require
significant expertise. In many cases, delays in
diagnosis can occur due to limited access to
trained professionals, especially in rural or
under-resourced regions. This creates a
demand for automated and data-driven
approaches that can assist clinicians in making

faster and more accurate decisions.

With the advancement of artificial
intelligence, machine learning has emerged as

a powerful tool in the field of healthcare
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diagnostics. Machine learning models can
analyze large volumes of complex data,
identify hidden patterns, and make predictions
with high accuracy. In the context of ASD,
these models can utilize diverse data sources
such as behavioral assessments, genetic
information, medical history, and demographic
factors to support diagnosis.

This paper proposes a hybrid machine learning
model that combines multiple algorithms to
improve the accuracy and robustness of autism
diagnosis. By integrating techniques such as
Support Vector Machines (SVM), Random
Forest, and Deep Neural Networks, the system
leverages the strengths of each model while
minimizing their individual limitations. The
hybrid approach aims to enhance predictive
performance and provide a reliable decision-
support system for healthcare professionals.

Il. LITERATURE REVIEW

Autism Spectrum Disorder (ASD) diagnosis
has attracted significant research interest in
recent years, particularly with the integration
of machine learning techniques to improve
early detection and diagnostic accuracy.
Various studies have explored the use of
computational models to analyze behavioral,
clinical, and demographic data for identifying
ASD patterns.

Thabtah et al. (2017) [1] introduced a machine

learning  approach  using  classification
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algorithms such as Decision Trees, Naive
Bayes, and Support Vector Machines (SVM)
on ASD screening datasets. Their study
demonstrated that machine learning models
can effectively assist in early autism detection

with high accuracy and reduced complexity.

Kosmicki et al. (2015) [2] focused on reducing
the number of features required for autism
diagnosis by applying machine learning
techniques to behavioral datasets. Their work
showed that a minimal set of behavioral
features could still achieve high diagnostic
accuracy, making the process more efficient

and less time-consuming.

Duda et al. (2016) [3] proposed the use of
machine learning models to shorten autism
diagnostic questionnaires. By selecting the
most relevant features, their approach
improved the speed of diagnosis while
maintaining reliability, thereby supporting

clinicians in decision-making.

Wall et al. (2012) [4] developed a predictive
model using alternating decision trees to
classify ASD cases based on behavioral
inputs. Their results highlighted the potential
of computational approaches in identifying
autism with fewer observations compared to

traditional methods.

More recently, hybrid and ensemble learning
techniques have gained attention for

improving diagnostic performance. Akter et al.
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(2019) [5] proposed an ensemble model

combining  multiple  classifiers,  which
significantly improved prediction accuracy
compared to individual models. Similarly, Raj
and Masood (2020) [6] utilized deep learning
techniques alongside traditional machine
learning algorithms to enhance classification

performance for ASD datasets.

Additionally, research by Abbas et al. (2021)
[7] explored the application of deep neural
networks for autism  diagnosis  using
heterogeneous data sources. Their findings
emphasized that combining multiple data
modalities and learning models leads to better

generalization and robustness.

Despite these advancements, challenges such
as data imbalance, limited dataset availability,
and model interpretability remain significant
concerns. These limitations highlight the need
for more advanced hybrid models that
integrate multiple algorithms and optimize
feature selection to achieve accurate and

reliable autism diagnosis.

II. EXISTING SYSTEM

The existing system for diagnosing Autism
Spectrum Disorder (ASD) primarily relies on
traditional clinical and behavioral assessment
methods.  These include  standardized
diagnostic tools such as structured interviews,
questionnaires, and observational techniques

conducted by trained healthcare professionals.
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Common approaches involve evaluating social
communication, behavioral patterns, and
developmental history using instruments like
Autism Diagnostic Observation Schedule
(ADOS) and Autism Diagnostic Interview-
Revised (ADI-R). While these methods are
clinically validated and widely used, they are
often time-consuming, subjective, and require
significant expertise, which can lead to delays

in diagnosis.

In recent years, machine learning-based
systems have been introduced to support
autism diagnosis by analyzing behavioral and
clinical datasets. These systems typically
employ single classification algorithms such
as Decision Trees, Support Vector Machines
(SVM), Naive Bayes, or K-Nearest Neighbors
(KNN). Although these models have shown
promising results in identifying ASD patterns,
they often suffer from limitations such as
overfitting, sensitivity to noisy data, and
reduced generalization when applied to
diverse datasets.

Furthermore, many existing computational
models rely on limited or imbalanced datasets,
which can negatively impact prediction
accuracy and reliability. Feature selection is
often not optimized, leading to redundant or
irrelevant data being used in the training
process. Additionally, most systems do not
effectively integrate multiple data sources

such as behavioral, genetic, and demographic
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information, which are essential for a

comprehensive diagnosis.

IV. PROPOSED SYSTEM

The proposed system introduces a hybrid
machine learning model designed to improve
the accuracy and efficiency of Autism
Spectrum Disorder (ASD) diagnosis by
combining multiple algorithms and leveraging
their individual strengths. Unlike existing
systems that rely on a single classifier, this
approach integrates Support Vector Machines
(SVM), Random Forest, and Deep Neural
Networks (DNN) into a unified framework to
achieve better predictive performance and

robustness.

The system begins with data collection from

multiple  sources, including behavioral

assessments, clinical records, and
demographic information. This heterogeneous
data is first subjected to preprocessing steps
such as data cleaning, handling missing
values, normalization, and encoding of
categorical variables. Feature selection
techniques are then applied to identify the
attributes,

most relevant reducing

dimensionality and  improving  model

efficiency.

In the next stage, the processed data is fed into
individual machine learning models. The
SVM model is used for its effectiveness in

handling high-dimensional data and clear
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margin separation, while the Random Forest
algorithm contributes by reducing overfitting
and improving  generalization  through
ensemble learning. The Deep Neural Network
is incorporated to capture complex nonlinear
relationships within the data. Each model
independently learns patterns associated with

ASD.

To enhance overall performance, the outputs
of these models are combined using an
ensemble strategy such as majority voting or
weighted averaging. This hybrid approach
ensures that the final prediction benefits from
the strengths of all models while minimizing
their individual weaknesses. The system is
trained and validated using cross-validation
techniques to ensure reliability and prevent

overfitting.

V. METHODOLOGY

The methodology for the proposed hybrid
machine learning model for Autism Spectrum
Disorder (ASD) diagnosis is designed as a
systematic  pipeline that integrates data
preprocessing, feature engineering, model
training, and evaluation. The goal is to build
an accurate and reliable system that can assist

in early detection of autism.

The process begins with data collection from
reliable sources such as clinical assessments,
behavioral

screening datasets, and

demographic records. These datasets typically
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include features related to social behavior,
communication skills, repetitive actions, and
other developmental indicators associated with
ASD. Ensuring data quality and diversity is

essential for improving model generalization.

In the preprocessing stage, the collected data is
cleaned to handle missing  values,
inconsistencies, and noise. Numerical features
are normalized or standardized, while
categorical variables are encoded using
techniques such as one-hot encoding or label
encoding. Data balancing techniques, such as
oversampling or undersampling, may also be
applied to address class imbalance and avoid

biased predictions.

Following preprocessing, feature selection and
dimensionality reduction techniques are
applied to identify the most relevant attributes
contributing to ASD diagnosis. Methods such
as correlation analysis, Principal Component
Analysis (PCA), and recursive feature
elimination help in reducing redundancy and

improving computational efficiency.

The next phase involves model development
using a hybrid approach. Multiple machine
learning algorithms—such as Support Vector
Machines (SVM), Random Forest, and Deep
(DNN)—are  trained

independently on the processed dataset. Each

Neural  Networks

model captures different aspects of the data:
SVM handles high-dimensional feature

spaces, Random Forest improves robustness
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While the proposed hybrid machine learning
model demonstrates improved accuracy and
efficiency in Autism Spectrum Disorder
(ASD) diagnosis, several areas can be
explored to further enhance its performance
and real-world applicability. One important
direction for future work is the expansion of
datasets to include larger, more diverse, and
multi-regional populations. This will help
improve model generalization and reduce bias

across different demographic groups.

Future research can also focus on integrating
additional data sources such as genetic
information, neuroimaging data, and real-time
behavioral tracking to create a more
comprehensive  diagnostic  system.  The
inclusion of multimodal data can significantly
improve the model’s ability to capture

complex patterns associated with ASD.

Another potential enhancement is the adoption
of more advanced deep learning architectures,
such as transformer-based models and
attention mechanisms, which can better handle
complex feature interactions. Additionally,
improving  model
Explainable Al (XAIl) techniques will be

interpretability  using

crucial for gaining the trust of healthcare
professionals and ensuring transparency in

decision-making.

Real-time implementation of the system
through mobile or web-based applications can

make the solution more accessible, especially
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in remote and underserved areas. Furthermore,
deploying the model in clinical environments
and conducting large-scale validation studies
will be essential to evaluate its effectiveness,
usability, and reliability in real-world

scenarios.
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