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Abstract

Since social interaction, speech, and behaviour are all impacted by autism spectrum disorder (ASD), early detection is
essential for prompt intervention. Through the analysis of behavioural and demographic data, this study creates a
machine learning-based model to predict ASD in children. The system effectively classifies ASD cases using the Random
Forest and XGBoost algorithms, making it more accessible than conventional diagnostic techniques. Model training,
feature selection, and data preprocessing are all part of the methodology, and accuracy, precision, and recall measures
are used to assess performance. In order to improve early diagnosis and intervention for improved cognitive and social
development, the model seeks to offer an objective, scalable, and user-friendly screening tool.
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1. Introduction

The early identification of autism spectrum disorder (ASD) is essential in today's digital age to enable prompt
interventions and enhance the lives of those impacted. However, the time-consuming nature of modern diagnostic
methods like ADOS and ADI-R, which frequently require multiple visits and specialist tests, limits accessibility in
disadvantaged areas. This challenge highlights the need for an efficient, data-driven approach to ASD prediction that
enhances early detection and intervention.

To overcome these constraints, our project, Predicting Autism Spectrum Disorder, uses machine learning methods—more
especially, the Random Forest and XGBoost algorithms to create a predictive model that can examine demographic and
behavioural data. Our methodology improves diagnostic accuracy and offers an objective screening tool that reduces
assessment time by identifying important ASD signals. More accessible and effective screening is made possible by this
data-driven strategy, increasing the possibility of early intervention and support.

Early prediction of ASD has a profound effect on the fields of medicine and education. It facilitates early therapy methods
by helping clinicians identify high-risk cases. In education, it assists parents and teachers in identifying behavioural
patterns and learning challenges, enabling them to provide children with individualised support. This initiative
advances objective, scalable, and effective diagnostic tools that benefit patients, families, and healthcare providers by
using machine learning into ASD screening.

Machine learning-based ASD detection enhances early diagnosis and intervention by integrating advanced technology
with traditional methods. The system ensures reliability through data preprocessing, feature selection, and evaluation
using accuracy, precision, and recall. By addressing challenges like data variability and model interpretability, it
supports timely and effective diagnosis.
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2. Related Work

Researchers have increasingly explored machine learning as a tool for detecting Autism Spectrum Disorder (ASD), aiming
to complement traditional diagnostic methods such as behavioral assessments and clinical evaluations. While these
conventional approaches are effective, they often demand substantial time and specialized expertise, prompting interest
in automated solutions powered by artificial intelligence.

Various machine learning techniques, including Support Vector Machines (SVM), Decision Trees, and Neural Networks,
have been applied to ASD classification. These models analyze behavioral patterns and responses from screening
questionnaires, often achieving high accuracy. Additionally, feature selection methods help refine these models by
minimizing redundant or irrelevant data, thereby improving predictive performance.

Publicly available datasets, such as those from the UCI Machine Learning Repository, have been instrumental in training
ASD detection models. Some research efforts have also incorporated diverse data sources, including genetic and
neuroimaging data, to enhance diagnostic accuracy. These advancements illustrate the expanding role of Al in autism
research.

However, challenges persist in ensuring these models perform well across different populations. Many studies rely on
small or imbalanced datasets that may not adequately represent variations in ASD symptoms across age groups and
demographics. To address these issues, further research is needed on diverse and inclusive datasets, as well as
explainable Al techniques that enhance model interpretability and reliability.

3. Existing System

Autism Spectrum Disorder (ASD) is presently diagnosed by clinical exams, behavioral assessments, and standardized
screening instruments such as the Autism Diagnostic Observation Schedule (ADOS) and the Autism Diagnostic
Interview-Revised (ADI-R). These diagnostic procedures incorporate systematic observations, parent interviews, and
examinations by qualified specialists to examine an individual's communication abilities, social interactions, and
behavioral patterns. Despite being widely used and clinically approved, these techniques necessitate specialised
knowledge, numerous testing sessions, and a substantial amount of time, which frequently makes early identification
difficult.

The time-consuming and resource-intensive nature of the conventional ASD diagnostic procedure is one of its main
drawbacks. Long interviews, structured play-based evaluations, and comprehensive questionnaires are all common
components of assessments, and completing them might take hours or even many sessions. Furthermore, because
behavioural observations are subjective, the results may differ based on the interpretation and experience of the
clinician. This subjectivity can occasionally result in delayed or incorrect diagnoses of ASD, particularly when symptoms
are modest or resemble those of other developmental disorders.

Furthermore, access to ASD diagnostic services is limited in many regions, particularly in rural or underdeveloped areas
where there is a shortage of trained specialists. The requirement for in-person assessments creates logistical challenges,
increasing wait times for diagnosis and delaying early intervention. Families often struggle to access timely evaluations
due to long appointment waitlists, financial constraints, or geographic barriers. As a result, many children do not receive
an official diagnosis until later in childhood, reducing the effectiveness of early therapeutic interventions.

Given these challenges, there is a growing need for automated, data-driven approaches that can assist healthcare
professionals in diagnosing ASD more efficiently and objectively. Machine learning and artificial intelligence have the
potential to revolutionize ASD screening by analyzing behavioral, demographic, and genetic data, providing faster and
more accessible diagnostic tools. These advanced techniques can help overcome the limitations of the existing system
by reducing subjectivity, increasing scalability, and enabling earlier detection, ultimately improving outcomes for
individuals with ASD.

4. Proposed Model

The proposed ASD diagnosis system utilizes machine learning algorithms such as Random Forest and XGBoost to enable
precise and automated screening. By analyzing behavioral characteristics and demographic data, the system effectively
classifies individuals as either ASD-positive or ASD-negative. These algorithms excel in handling complex patterns within
datasets, allowing for an objective and data-driven approach to ASD detection. Unlike traditional diagnostic methods that
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rely on subjective assessments, this system ensures a more standardized and efficient evaluation process.Through feature
selection and encoding, optimised preprocessing methods guarantee data integrity, and performance indicators like
accuracy, precision, and recall confirm the model's efficacy.

The system uses optimised preprocessing methods, such as feature selection and encoding, to preserve data integrity
and improve prediction reliability. By determining the most pertinent features and transforming categorical data into a
format appropriate for machine learning models, these techniques improve the dataset. To evaluate the model's efficacy
and make sure it consistently produces reliable results, performance metrics like accuracy, precision, and recall are
used. These preprocessing procedures help create a screening tool that is more accurate and comprehensible by
reducing noise and enhancing data quality.

This Al-powered system's capacity to lessen reliance on specialised experts is one of its main benefits, increasing
accessibility and scalability for ASD screening. Access to qualified specialists is frequently limited in areas with
inadequate medical resources, which causes diagnoses to be delayed. This system's automation of the screening process
makes it possible to identify ASD early and provide timely therapies that can greatly enhance a person's
developmental outcomes.

Additionally, scalability is improved by integrating machine learning into ASD diagnosis, enabling extensive screenings
across a range of demographics. Over time, the system's predicted accuracy will increase due to its adaptability, which
allows it to be continuously improved with new datasets. This strategy uses Al-driven insights to close the gap between
current technological developments and conventional diagnostic limits, ultimately encouraging early diagnosis and
improved assistance for people with ASD.

5. Methodology

The ASD prediction system's technique is centred on gathering a variety of behavioural and diagnostic data, creating an
effective machine learning model, and facilitating precise ASD classification. To improve model performance, the
procedure entails preprocessing the data, which includes feature selection and encoding. The system's flexibility for
early diagnosis and intervention in the actual world is guaranteed by ongoing optimisation and assessment.

An explanation of the methods and algorithms used in machine learning.

Selected: The imported libraries are:

:H ‘I; - ,"‘"“' necessary |
import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
import seaborn as sns
from sklearn.model selection import train_test split, cross val score
from sklearn.preprocessing import StandardScaler, OneHotEncoder
from sklearn.compose import ColumnTransformer
from sklearn.pipeline import Pipeline
from sklearn.metrics import (

accuracy _score,
precision_score,
recall score,
f1_score,
confusion_matrix,
classification report

yaries

)

from sklearn.ensemble import RandomForestClassifier
from xgboost import XGBClassifier

Figure 1 Libraries imported

5.1. Data Collection

Data collection is crucial for building a reliable ASD prediction model. This step ensures access to diverse and
representative data for accurate classification.
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5.1.1. Dataset Selection

Use datasets containing behavioral and diagnostic information, such as those from clinical assessments or surveys.
These datasets cover a range of features related to ASD symptoms and behavioral patterns.

5.1.2. Data Preprocessing:

Normalize numerical values and encode categorical variables for compatibility with machine learning models. Handle
missing data and perform feature selection to retain the most relevant attributes. Data augmentation techniques, such
as synthetic data generation, can be used to enhance dataset diversity and improve model robustness.

5.2. System Architecture

The system architecture for ASD prediction outlines the key components and their interactions, enabling efficient
classification of individuals as ASD-positive or ASD-negative. It integrates data preprocessing, feature selection, and
machine learning models to ensure accurate predictions and support early diagnosis.

Uglzad CWFie—  Daa recessing * ol Traming + Vol Shorege * Mo Evelustion
St = ngut Lawer Waubligtion

Filt e o +  Form Proceisng * e Fretrained Model *  Prediction

Figure 2 System Architecture
Itillustrates how input data flows through various processing layers, resulting in meaningful outputs.

5.2.1. System Architecture Components

e Input Module: Captures behavioral and diagnostic data through surveys, clinical assessments, or sensors,
ensuring a continuous flow of data for analysis.

e Data Preprocessing Module: Normalizes numerical data and encodes categorical variables, preparing the
dataset for machine learning model training.

e Machine Learning Module: Uses algorithms like Random Forest and XGBoost to classify individuals as ASD-
positive or ASD-negative based on the processed data.

e Performance Evaluation Module: Evaluates the model's accuracy, precision, and recall, ensuring reliable
predictions with confidence levels.

e User Interface (UI): Displays real-time results, including predicted ASD status, confidence scores, and relevant
insights in an accessible format.

e Output: Provides predictions in real-time with visual results, including ASD Classification and Confidence
percentages.

5.3. Model Development

The model is the core component of the system, responsible for learning and predicting ASD.

5.3.1. Define Machine Learning Model Architecture:

Use algorithms like Random Forest and XGBoost to classify individuals based on behavioral and diagnostic features.
Implement feature selection techniques to retain the most relevant attributes and improve accuracy. Train and validate
the model to optimize performance and ensure reliable predictions.

5.3.2. Validation:

The data into training, validation, and test sets. Monitor metrics such as accuracy and recall on the validation set to
identify overfitting. Use techniques like cross-validation and hyperparameter tuning to improve model generalization
and performance.
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In [ ]: def initialize models(X, y):

mmerical colums = X.select dtypes(includes["inted’, “fleatod']).columns
categorical_columns = X.select_dtypes|include=["object’]). columns
# Create and f1T preprocessor
preprocesser = ColumnTransformer)
transformers=[{"nm", StandardScaler(), numerical columns),
{"cat”, OmeHotEncoder(handle wknown="ipnore’), categorical columns)])

X processed = preprocessor. fit_transforn(x)

& .‘.":.':l [est ~_!.'I|'

¥ train, X test, y train, y test = train test split(X processed, y, test size=8.}, random state=42)
# Troun mogels

rf_model = RandomForestClassifier(randon state=42). fit(X_train, y_train)

xgb model = wiBclassifier(use label encoder=ralse, eval metric='logloss', random state=43).fit[x train, y train)

return preprocessor, rf model, xgb model, X test, y test

Figure 3 Model Building

5.3.3. Training:

Train the model using batch processing, dividing the dataset into smaller subsets for efficient learning. Apply gradient
boosting techniques to minimize the loss function and update model parameters for improved accuracy.

In[ ]t # Train models
rf model = RandonForestClassifier(random state=42).fit(X train, y train)
xgh mode] = X6BC1assifier(use label encoder=False, eval metric='logloss’, random state=42).fit(X train, y train)

Figure 4 Model Training

5.3.4. Testing:

Evaluate the model on unseen test data to ensure its ability to generalize to new cases. Use performance metrics such as
accuracy, precision, and recall to assess the model’s effectiveness in predicting ASD.

5.4. Real-Time Data Processing

This step ensures the system operates effectively in real-time environments for ASD prediction.

5.4.1. Input Capture:

Collect real-time behavioral and diagnostic data through surveys, clinical assessments, or sensors. Integrate tools for
seamless data collection and ensure consistent input for analysis.

5.4.2. Data Preprocessing:

Apply normalization and encoding techniques to preprocess the data in real-time, ensuring compatibility with the
machine learning model.

5.4.3. Feature Extraction:

Identify key features from the input data, such as behavioral patterns and diagnostic attributes, to focus on relevant
indicators for ASD classification, improving prediction accuracy.

5.5. ASD Detection

This step involves predicting ASD status based on the extracted features.
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5.5.1. Model Prediction

The proposed ASD diagnosis system employs trained machine learning models, specifically Random Forest and
XGBoost, to classify individuals as ASD-positive or ASD-negative. These models analyze a combination of behavioral
characteristics, demographic data, and diagnostic indicators to identify patterns associated with ASD. By leveraging
decision trees and boosting techniques, the system effectively distinguishes between individuals at risk and those not
affected. The predictive model undergoes extensive training using labeled datasets to enhance its accuracy, ensuring it
can generalize well to new cases. Additionally, real-time classification allows for quick and efficient screening, which is
particularly useful in large-scale applications, such as healthcare settings and community-based ASD detection
programs. The automated classification process not only reduces the burden on medical professionals but also
minimizes human error, leading to more consistent and objective results.

5.5.2. Confidence Scoring

To enhance reliability, the system generates confidence scores for each prediction, providing an estimate of how certain
the model is in its classification. These scores, typically derived from probability distributions, offer valuable insights
into the model's certainty and trustworthiness in determining ASD risk. High-confidence predictions indicate a strong
likelihood of accuracy, whereas lower confidence scores signal cases that may require further evaluation by healthcare
professionals. This feature enables clinicians and caregivers to prioritize cases needing more thorough assessments,
reducing false positives and negatives. Moreover, confidence scoring plays a crucial role in personalized decision-
making, allowing medical professionals to weigh model predictions alongside traditional diagnostic methods. By
integrating this mechanism, the system improves transparency, making Al-driven ASD screening more dependable,
interpretable, and clinically applicable in real-world settings.

5.6. Visualization

Delivering results in a user-friendly manner is crucial for system usability.

5.6.1. Output Display:

Develop a graphical user interface (GUI) using tools like Streamlit to display the ASD prediction results. Show the ASD
classification (positive/negative), confidence scores, and relevant insights in an easily interpretable format.

6. Results and Discussion

ASD Prediction System with Flexible Input Options

Prasee coaed 3 (Y %8 0 S the maten e

Figure 5 User Interface
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AS5D vs Mon-ASD Distribution
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Figure 6 Autism Prediction

7. Conclusion

In conclusion, the proposed ASD detection system enhances traditional diagnostic methods by incorporating machine
learning algorithms for more accurate and efficient early screening. By leveraging algorithms like Random Forest and
XGBoost, the system effectively classifies individuals as ASD-positive or ASD-negative based on key behavioral and
diagnostic features. The model's high accuracy, combined with real-time predictions, offers significant support to
healthcare professionals, enabling more objective assessments. This system has the potential to improve early
intervention and accessibility, particularly in resource-limited regions, helping to bridge the gap in early ASD detection.
The adaptable, scalable nature of the system ensures its utility across diverse applications, contributing to better
outcomes for individuals affected by ASD.
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