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Abstract: Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition characterized
by challenges in communication, social interaction, and behavioral patterns. Due to its highly
heterogeneous nature, early diagnosis and the design of personalized educational interventions remain
significant challenges. It is well established that each child with ASD exhibits unique characteristics,
making it unlikely for a single teaching approach to be effective for all learners. Despite this, many
educational systems continue to rely on generalized instructional methods, which often fail to address the
individualized learning needs of children with ASD.

To address this limitation, this study proposes a machine learning—driven framework for both ASD
detection and personalized teaching strategy recommendation. The proposed system adopts a two-phase
architecture inspired by recent advancements in data-driven ASD analysis. In the first phase, a hybrid
ensemble model integrating Decision Tree and XGBoost algorithms is employed to identify the presence
of ASD based on behavioral and screening- related features, In the second phase, feature selection
techniques are utilized to determine the most significant behavioral, verbal, and physical attributes
influencing learning patterns in children with ASD. The system leverages multiple attributes derived
from screening questionnaires and behavioral indicators to enhance prediction accuracy and support
personalized educational recommendations. By combining ensemble learning techniques with effective
feature engineering, the proposed approach improves both diagnostic reliability and the personalization
of teaching methods. The findings demonstrate that machine learning can serve as a valuable tool for
educators and healthcare professionals in identifying ASD characteristics and recommending suitable
instructional strategies, ultimately enabling children with ASD to receive education aligned with their
unique abilities and learning preferences..
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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 typical behavioral patterns. The prevalence of ASD has increased
significantly over the past decade, highlighting the need for effective diagnostic and intervention strategies. One of the
major challenges associated with ASD lies in its heterogeneous nature, as individuals on the spectrum display a wide
range of symptoms, abilities, and learning preferences. This diversity makes early diagnosis complex and necessitates
highly personalized approaches to education and intervention.

Traditional educational practices often rely on general teaching methods, which may not adequately address the
specific needs of children with ASD. Since each child demonstrates unique behavioral, cognitive, and communication
characteristics, a one-size-fits-all teaching strategy can lead to ineffective learning outcomes. Consequently, there is a
growing demand for intelligent systems that can assist educators in designing customized learning experiences tailored
to individual requirements [1].

Recent advancements in machine learning (ML) have shown great potential in transforming healthcare and education
by enabling data-driven decision-making. In the context of ASD, ML techniques have been w1dely explored for early
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detection using behavioral and screening data. However, limited research has focused on integrating diagnostic systems
with personalized teaching strategy recommendations, which are equally critical for improving educational outcomes.
This gap highlights the need for a unified framework that not only detects ASD accurately but also supports
individualized learning interventions [2].

In this study, a machine learning—based framework is proposed to address both ASD detection and personalized
teaching method recommendation. The system is designed using two-phase architecture. In the first phase, a hybrid
ensemble model combining Decision Tree and XGBoost algorithms is employed to classify individuals based on
behavioral and screening features, achieving high diagnostic accuracy. In the second phase, feature selection techniques
are applied to identify the most influential characteristics affecting learning behavior, and the same hybrid model is
used to recommend suitable teaching strategies tailored to each child’s needs.

The proposed approach leverages ensemble learning and feature engineering to enhance prediction performance and
ensure more reliable outcomes. By analyzing data derived from screening questionnaires and behavioral indicators, the
system aims to bridge the gap between diagnosis and intervention. The integration of detection and recommendation
within a single framework provides a comprehensive solution for supporting children with ASD [3].

The primary objective of this research is to assist educators and healthcare professionals in making informed decisions
by providing accurate diagnostic insights and personalized teaching recommendations. Ultimately, this work seeks to
improve the quality of education for children with ASD by aligning instructional methods with their individual abilities,
thereby fostering better learning outcomes and overall development.

II. LITERATURE SURVEY
Autism Spectrum Disorder (ASD) has gained significant attention in recent years due to its increasing prevalence and
the challenges associated with early diagnosis. Traditional diagnostic approaches rely heavily on clinical observations
and standardized assessment tools, which can be time-consuming, subjective, and dependent on expert availability. To
address these limitations, researchers have increasingly explored the use of machine learning (ML) techniques for
accurate and early detection of ASD[4][5].
Several studies have demonstrated the effectiveness of supervised machine learning algorithms in ASD classification
tasks. Algorithms such as Decision Tree, Random Forest, Support Vector Machine (SVM), and K-Nearest Neighbours
(KNN) have been widely applied to behavioural and screening datasets. Among these, Random Forest has shown
strong performance due to its ability to handle high-dimensional data and reduce overfitting through ensemble learning.
Similarly, SVM has been effective in capturing complex decision boundaries, particularly in smaller datasets [6][7].
In recent years, ensemble and boosting techniques have gained prominence for improving classification accuracy.
XGBoost (Extreme Gradient Boosting) has emerged as a powerful algorithm due to its ability to handle missing data,
incorporate regularization, and model complex nonlinear relationships. Studies have reported that XGBoost
outperforms many traditional algorithms when applied to structured datasets such as ASD screening questionnaires and
demographic data.
Some researchers have proposed hybrid models that combine multiple algorithms to leverage their individual strengths.
For instance, integrating Decision Tree with boosting techniques or combining Random Forest with gradient boosting
methods has resulted in improved prediction accuracy and robustness. These hybrid approaches are particularly
effective in handling imbalanced datasets and capturing diverse feature interactions[8][9].
Despite the progress in ASD detection, most existing studies focus primarily on classification and early diagnosis, with
limited attention given to post-diagnosis interventions such as personalized teaching strategies[10][11]. This highlights
a research gap in integrating diagnostic systems with recommendation frameworks for individualized education

III. SYSTEM DEVELOPMENT
The system development process is organized into two distinct phases. Phase I focuses on the diagnosis of autism
spectrum disorder (ASD) by utilizing a combination of statistical techniques and machine learning algorithms applied
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to an ASD dataset. Phase II is dedicated to determining the most suitable teaching methods for children with ASD. This
phase leverages the outcomes and insights derived from the diagnostic stage to recommend appropriate educational
strategies tailored to individual learning needs. Figure 1 shows the block diagram for work to be done.
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Figure 1. Block diagram for work to be done.
3.1 Dataset: The proposed framework utilizes two publicly available datasets focused on early ASD screening in
toddlers. These datasets provide behavioral and screening-related attributes that are essential for both ASD detection
and personalized teaching method recommendation.
a) Autism Spectrum Disorder Screening Data for Toddlers
This dataset contains screening information collected from toddlers to identify early signs of ASD. It includes a variety
of features such as behavioral responses, social interaction indicators, communication abilities, and demographic
details. The dataset is primarily based on questionnaire responses designed to capture early developmental traits
associated with ASD. These attributes are used as input features in the machine learning model to detect the presence of
ASD.
b) ASD Screening Data for Toddlers in Saudi Arabia
This dataset is a region-specific extension of ASD screening data, collected from toddlers in Saudi Arabia. It includes
similar behavioral and screening features, along with additional contextual and demographic information relevant to the
population. The dataset enhances the diversity and robustness of the model by incorporating data from different
backgrounds, thereby improving generalization and prediction accuracy.

3.2 Teaching Methodology:

To provide personalized educational recommendations for children with autism spectrum disorder (ASD), this study
considers three widely recognized and evidence-based teaching methodologies: Picture Exchange Communication
System (PECS), Applied Behavior

Analysis (ABA), and TEACCH (Treatment and Education of Autistic and Communication- Handicapped Children).
These approaches are selected due to their proven effectiveness in addressing communication, behavioral, and learning
challenges in children with ASD.
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3.3. Hybrid Method Based on Random Forest and XGBoost

Random Forest (RF) is an ensemble learning technique that generates multiple decision trees by using randomly
selected subsets of data samples and features [12][13]. Each individual tree makes an independent prediction regarding
the presence of ASD in a child, and the overall output is obtained through a majority voting mechanism. RF is known
for its robustness against overfitting and its ability to effectively manage noisy and high-dimensional data, which are
common characteristics of ASD screening datasets.

XGBoost is an advanced gradient boosting algorithm that constructs decision trees in a sequential manner, where each
subsequent tree aims to correct the errors made by the preceding ones. It incorporates regularization methods to control
overfitting and performs exceptionally well on structured tabular data, such as behavioural assessments and
demographic information. Additionally, XGBoost can capture complex nonlinear patterns and feature interactions
within ASD datasets. During the data preprocessing stage, ASD- related data is collected, including screening
questionnaire responses, behavioural attributes, demographic information, and family history. The dataset then
undergoes cleaning procedures to eliminate missing or inconsistent values, manage outliers, and convert categorical
variables into numerical formats. Subsequently, feature scaling is applied where necessary, particularly to enhance the
performance of models such as XGBoost. These teaching methods are incorporated into the proposed system as target
classes for recommendation.

3.4. Hybrid Method Based on Decision Tree and XGBoost

To improve the accuracy and robustness of autism spectrum disorder (ASD) detection and personalized teaching
recommendation [14][15], a hybrid machine learning approach combining Decision Tree (DT) and XGBoost is
proposed. This hybrid model leverages the strengths of both algorithms to achieve better predictive performance on
ASD screening datasets. The hybrid model first utilizes the interpretability of Decision Trees to identify important
features and initial patterns in the dataset. Subsequently, XGBoost enhances prediction accuracy by learning complex
relationships and reducing errors through boosting. This combination results in a more reliable and efficient model for
ASD detection. In Phase I, the hybrid model is used to classify whether a child has ASD based on behavioural, social,
and demographic features. In Phase II, the same model, along with feature selection techniques, is applied to
recommend the most appropriate teaching method (such as PECS, ABA, or TEACCH) tailored to the child’s individual
characteristics.

IV. RESULT ANALYSIS

The performance evaluation of the proposed system is conducted using two hybrid machine learning approaches:
Random Forest combined with XGBoost and Decision Tree combined with XGBoost. The analysis is carried out on
two benchmark datasets, namely the Autism Spectrum Disorder Screening Data for Toddlers and the ASD Screening
Data for Toddlers in Saudi Arabia, to ensure robustness and generalizability of the results. The evaluation is performed
across two distinct phases of the system. In Phase I, the focus is on ASD detection, where both hybrid models are
assessed based on their ability to accurately classify whether a child exhibits ASD traits. In Phase II, the performance is
measured in terms of the system’s capability to recommend the most appropriate teaching method—such as PECS,
ABA, or TEACCH—based on the identified behavioural and developmental characteristics.

Various performance metrics, including accuracy, precision, recall, and F1-score, are used to compare the effectiveness
of the two hybrid approaches. The comparative analysis demonstrates the strengths and limitations of each model in
both diagnostic and recommendation tasks. Overall, this dual-phase and multi-model evaluation ensures a
comprehensive assessment of the system’s efficiency in both ASD identification and personalized teaching method
selection. The most used evaluation metrics in ASD classification problems include Accuracy, Precision, Recall
(Sensitivity), and F1 Score.

The evaluation of classification models using performance metrics such as accuracy, precision, recall, and F1-score
enables the development of more reliable and clinically effective ASD diagnostic systems. In this study, performance
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analysis is conducted using hybrid approaches, namely Decision Tree combined with XGBoost (DT + XGBoost) and
Random Forest combined with XGBoost (RF + XGBoost), along with several individual machine learning algorithms
including K-Nearest Neighbours (KNN), Random Forest, Decision Tree, XGBoost, and Support Vector Machine
(SVM).

After a comprehensive comparison of all models, the results indicate that the hybrid RF + XGBoost approach achieves
the highest performance, with an accuracy of 98.29%, outperforming both the standalone algorithms and the other
hybrid method. This demonstrates the effectiveness of combining ensemble techniques for improving ASD detection
accuracy. Table 1 shows the comparative results.

Table 1. Comparative results with other state of art methods

model cv accuracy mean cv_accuracy std test accuracy test precision_w test recall w test fl w

0 LogReg 1.000000 0.000000 1.000000 1.000000 1.000000  1.000000
1 SVM(RBF) 0.998169 0.002242 0995726 0.995726 0.995726 0.995726
2 GEM 0.976189 0.007324 0985043 0.985025 0:985043 0985029
3 XGBoost 0.985342 0.008388 0.985043 0.985025 0.935043 0.985029
4 Hybrid(RF+XGE)_Vote 0.976184 0.010973 0.9582906 09582906 0982906 0982906
5 RandomForest 0.8961527 0.009904 0974359 0.974439 0.974359 0974211
6 Hybnd(DT+XGB)_Vote 0.956035 0.021400 0972222 0872720 0:972222 0972345
7 DecisionTree 0.931310 0.019900 0959402 0.959336 0.959402 0.959354
8 KNN 0.927636 0017317 0955128 0959098 0.955128 0.955744

In Phase II, the system focuses on identifying the most suitable teaching method among three approaches: PECS
(Picture Exchange Communication System), ABA (Applied Behavior Analysis), and TEACCH (Treatment and
Education of Autistic and Related Communication- Handicapped Children). During this phase, feature selection
techniques are employed to extract the most relevant behavioral, verbal, and physical characteristics of children with

ASD.

Feature Type Description

Al Question 1 Answer Binary (O, 1} The answer code of the guestion based on the
screening method used

A2 Question 2 Answer Binary (O, 1) The answer code of the question based on the
screening method used

A3 Question 3 Answer Binary (O, 1) The answer code of the gquestion based on the
screening method used

A4 Question 4 Answer Binary (O, 1) The answer code of the question based on the
screening method used

AS: Question 5 Answer Binary (O, 1} The answer code of the gquestion based on the
screening method used

AB: AG: Question 6 Answer Binary (O, 1) The answer code of the question based on the
screening method used

AT Question 7 Answer Binary (O, 1) The answer code of the question based on the
screening method used

A8 Question 8 Answer Binary (O, 1) The answer code of the question based on the
screening method used

AQI Question 9 Answer Binary (O, 1} The answer code of the question based on the
screening method used

AL0: Question 10 Answer Binary (O, 1) The answer code of the guestion based on the
screening method used

Region String List of Saudi regions

Age MNumber Toddlers {months)

Gender String Male or Female

Screening Score Number 1-10 (the final score cobtained based on the
scoring algorithm of the screening method
used. Less than or equal 2 no ASD traits; > 3
ASD traits)

Family member with ASD history Boolean (yes or no) whether any immediate family member has a
ASD

Who is completing the test String Parent, other

Class Number Q0 or 1 {0 : no ASD traits, 1: ASD traits)

Table 2: Screening Features Q-CHAT-10 Question

Copyright to IJARSCT  [@]ic3[w] DOI: 10.48175/IJARSCT-32639 271

www.ijarsct.co.in




( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal *r,“, 1

ISSN: 2581-9429 Volume 6, Issue 4, April 2026 Impact Factor: 8.2

Based on these selected features, the same hybrid model is utilized to recommend personalized teaching strategies
tailored to the individual needs of each child, achieving an accuracy of 97%. The model relies on a set of screening
features derived from 10 key questionnaire-based attributes, which play a significant role in influencing the outcome.
These features and their impact on the results are presented in the corresponding table.2

model cv_accuracy mean cv_accuracy std test accuracy test precision w test recall w test fl w

0 Hybrid{DT+XGE]_Vote 0.984605 0.006301 0977778 0977814 0977778 0.977695
Table 3: Phase 2 results
The analysis reveals that, after applying feature selection techniques and the hybrid algorithm, several features achieved
higher importance rankings. As presented in Table 4.2, the XGBoost classifier identified features A6, A9, AS, A7, and
A4 as the most significant. In contrast, the Decision Tree classifier ranked A9, A6, A2, and A7 as the top contributing
features.
Furthermore, the results obtained through K-fold cross-validation indicate that the hybrid approach combining Decision
Tree and XGBoost achieves superior accuracy compared to individual models, as illustrated in the corresponding table
3.
V. CONCLUSION:
This study presents a two-phase hybrid machine learning framework designed for the early detection of autism
spectrum disorder (ASD) and the recommendation of personalized teaching methods for toddlers. In Phase I, two
hybrid models—Random Forest combined with XGBoost, and Decision Tree combined with XGBoost—were
evaluated. The RF + XGBoost model achieved a slightly higher accuracy of 98.29% compared to 97.22% obtained by
the Decision Tree + XGBoost model. However, the difference in performance is marginal, indicating that the proposed
model remains highly reliable. In Phase II, the Decision Tree + XGBoost model showed strong capability in
recommending appropriate teaching strategies, achieving an accuracy of 97.77%
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