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I. INTRODUCTION 

 
Early detection of Autism Spectrum Disorder (ASD) 

is important for timely intercession and support. 

This study explores the development of a new 

framework that predicts the likelihood of ASD in 

children by integrating behavioural assessments  

 

 

and neuroimaging analysis. The predictability of 

ASD will be extended by combining personalized 

gaming, quiz-based learning and the extraction of 

MRI-based feature analysis to improve the accuracy 

of diagnosis. To fully understand ASD the study 

analyzes multiple factors including cognitive skills, 

social interactions and neurological patterns. 

Abstract- This project is a Data-Driven Game-Based Framework for the Assessment of Autism Spectrum 

Disorder proposes the construction of a state-of-the-art framework to measure autism spectrum disorder 

(ASD) in children by combining machine learning and game-based methods. By incorporating interactive 

cognitive games, checks and MRI interpretation, this work takes advantage of artificial intelligence in order 

to enhance the diagnostic accuracy of ASD. At the first stage, information is obtained from different public 

data, such as behavioural research, neuroimaging repositories and validated ASD diagnostic questionnaires. 

The data has been gathered after preprocessing so that it is clean and structured in a manner that is ready 

for future analysis. The framework uses supervised learning algorithms, in particular, deep learning 

architectures such as VGG16 for the analysis of MRI scans and to discover ASD-related neurological features. 

Whereas game-based tests (and quizzes) are utilized to assess cognitive abilities, social skills and behavioural 

patterns. The models are also compared based on their quality (e.g. accuracy, precision, recall) to ensure that 

they have reliability. This study utilizes diverse data sources, such as facial expressions, cognitive responses, 

and neuroimaging scans, to improve the accuracy of assessments. The developed system demonstrates 

strong generalization to unseen data, making it suitable for real-world Autism Spectrum Disorder (ASD) 

diagnosis. These tools enhance accessibility, enabling early detection and timely intervention. Machine 

learning aids in analyzing behavioral patterns, improving diagnostic accuracy. Clinicians and caregivers can 

leverage AI-driven insights to support informed decision-making. Overall, this approach holds promise for 

advancing ASD assessment and intervention strategies. 
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Traditionally, ASD screening methods have been 

reliant on behavioural observations which are often 

subjective and rely on a long time horizon of 

results. Advances in Artificial Intelligence especially 

with regard to deep learning have the potential to 

streamline and improve diagnostic processes. By 

the use of machine learning techniques this study 

aims to produce a more comprehensive assessment 

of ASD risk. The framework begins with participants 

engaging in puzzle-based games which test their 

cognitive and behavioural traits. These puzzle-

based assessments will identify patterns of behavior 

that are linked to ASD characteristics. 

A social communication test is usually carried out 

after the gaming phase, following this the group 

participants then complete a quiz designed to test 

their skills. The quiz is designed with the objective 

of adding another behavioural metric as well as 

supplementing a complete overview of what 

individuals usually do on a broad scale. While 

behavioural analysis is essential, neurological 

information further reinforces predictive models. To 

consolidate this perspective, the study utilizes MRI 

scans and applies the VGG16 deep learning 

algorithm to extricate highlights demonstrative of 

ASD. 

 

The dataset comprises behavioural reactions from 

the games and quizzes, as well as MRI scan images. 

Machine learning models analyze this combined 

data to generate a probability score for ASD 

likelihood. The main aim of the project is to create a 

robust system that will allow healthcare 

professionals to achieve early detection of Autism 

Spectrum Disorder. 

 

A well-structured diagnostic approach warrants the 

integration of behavioural and neurological 

considerations. A behavioural screening strategy 

can be used to identify all Autism Spectrum 

Disorder (ASD) traits with a single set of 

observations compared to an MRI-based 

assessment that provides a great deal of 

information regarding the differences in brain 

structure. By combining these, this framework 

provides a multi-dimensional evaluation that 

improves prediction accuracy. 

The use of deep learning for neuroimaging 

examination further refines ASD detection and 

analysis. Preprocessing steps such as data cleaning, 

augmentation, and normalization guarantee the 

quality of input information before preparing the 

models. The machine learning pipeline includes 

feature extraction, training, and evaluation on test 

datasets to ensure precision. This project 

underscores the importance of an integrated 

approach in ASD diagnosis, contributing to 

improvements in early determination and 

intervention. 

 

II. LITERATURE REVIEW 

 
Adnan Ashraf, Zhao Qingjie, Waqas Haider Khan 

Bangyal, and Muddesar Iqbal[1](2024) proposed an 

approach for the detection of early-age Autism 

Spectrum Disorder (ASD) using brain imaging data. 

The study used advanced MRI techniques, including 

fMRI and sMRI, to investigate neuropsychiatric 

disorders. Researchers analyzed restingstate fMRI 

(rs-fMRI) data to develop diagnostic biomarkers for 

brain dysfunction. They utilized data from the 

Autism Brain Imaging Data Exchange (ABIDE I and 

II), comprising a total of 2126 rs-fMRI datasets from 

both typically developing and autistic individuals. 

The authors used Convolutional Neural Networks 

(CNN) and Transfer Learning to classify brain 

imaging data, aiming to improve autism and 

neuropsychiatric disorder diagnosis accuracy. The 

optimized CNN model achieved an 81.56% 

accuracy, surpassing previous approaches on the 

ABIDE I datasets. This study integrates AI and IoT-

based approaches to improve environmental 

adoption for children with autism. 

 

Bárbara Silva, Laura Santos,Catarina Barata,Alice 

Geminiani,Gabriele Fassina,Ana Rita Gonzalez,Sara 

Ferreira,Bernardo Barahona-Corrêa,Ivana Olivieri, 

Alessandra Pedrocchi,and José

 SantosVictor[2](2024)proposed a novel 

approach for analyzing attention response in 

children with Autism Spectrum Disorder (ASD) 

during robotic-assistive therapy sessions. The study 

addresses severe attention deficits in ASD children 

that hinder skill acquisition. Current methods for 

attention assessment in human-robot interaction 
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are limited to constrained environments, restricting 

natural behavior. Researchers developed a system 

using Gaze360 and angular Areas-of-Interest (AOI) 

to measure attention patterns in therapy sessions. 

Tested on 12 ASD children, it achieved a 79.5% 

accuracy, aligning with therapists' evaluations. This 

system shows promise for improving ASD therapy 

and treatment strategies, highlighting the role of 

social-assistive robots and gaze-tracking techniques 

in enhancing therapy outcomes for children with 

ASD. 

 

Wei Zhou, Minqiang Yang, Jingsheng Tang, Juan 

Wang, and Bin Hu[3](2024) proposed a scanpath-

based ASD detection method using eye-tracking 

technology. Unlike previous studies that focused on 

general eye movements, this approach analyzes 

gaze distribution changes to identify atypical visual 

patterns in ASD children. The study used 

MultiMatch and Dynamic Time Warping (DTW) to 

compare gaze behaviors, finding ASD children have 

individual-specific patterns, while typically 

developing (TD) children show similar trends. Key 

differences were in attention duration and vertical 

gaze distribution. An LSTM network for   

classification outperformed traditional models. The 

results highlight the potential of scanpath analysis 

and deep learning for ASD diagnosis. LSTM-based 

models offer objective and accurate analysis, 

outperforming traditional methods. However, the 

need for specialized equipment, high 

computational costs, and limited dataset sizes pose 

challenges for widespread implementation. 

Guangtao Nie, Akshith Ullal, Zhi Zheng, Amy R. 

Swanson, Amy S. Weitlauf, Zachary E. Warren, and 

Nilanjan Sarkar[4](2021) developed an immersive 

Computermediated Caregiver-Child Interaction 

(C3I) system to help children with ASD practice 

Initiation of Joint Attention (IJA) skills. Unlike most 

tech-based interventions focusing on Response to 

Joint Attention (RJA), C3I integrates caregivers, 

combining human and computer methods. A 

feasibility study with 6 caregiver-child dyads 

showed nearsignificant improvement in IJA skills 

and stable caregiver stress levels. This approach 

focuses on IJA in ASD therapy, combining human 

and AI interventions to enhance realworld 

generalization. It ensures caregiver involvement in a 

natural learning environment. However, challenges 

include the limited sample size, need for specialized 

technology, and requirement for long-term testing. 

Junxia Han, Guoqian Jiang, Gaoxiang Ouyang, and 

Xiaoli Li[5](2022) proposed a multimodal diagnosis 

framework for identifying ASD in children by 

integrating electroencephalogram (EEG) and eye-

tracking (ET) data. Unlike traditional unimodal 

methods, this approach leverages deep learning-

based feature fusion to enhance diagnostic 

accuracy. A stacked denoising autoencoder (SDAE) 

model was developed to enhance feature learning 

and fusion using EEG and ET data in two steps: 

separate feature extraction and multimodal fusion. 

Tested on 40 ASD children and 50 typically 

developing (TD) children, it achieved superior 

classification performance. Integrating 

neurophysiological and behavioural data, the SDAE 

model improves diagnostic accuracy and 

generalization, assisting clinicians in early ASD 

detection. However, it requires specialized 

equipment, a limited dataset size, and 

computational complexity, posing challenges for 

real-time applications. 

 

          III.PROBLEM STATEMENT 

 
Early detection of ASD (Autism Spectrum Disorder) 

is vital for effective intervention however current 

diagnostic methods heavily rely on traditional 

behavioural methods which can be subjective, time 

consuming and prone to misinterpretation. Many 

existing methods do not incorporate neurological 

data therefore leading to incomplete and 

inconsistent evaluations. Also very few approaches 

lack inter-related and interactive practices that are 

tailored for young children making it difficult to 

accurately assess cognitive and social behaviors. 

While MRI scans provide valuable insights into 

brain structures, they are rarely combined with 

behavioural assessments making their predictive 

capabilities limited. To enhance accurate diagnosis 

of Autism Spectrum Disorders (ASD), the GAME-

AUTISMVISION system integrates personalized 

gaming, quizzing, and neuroimaging analysis. By 

utilizing machine learning algorithms like VGG16, it 

analyzes both behavioural patterns and brain 

imaging data to produce more accurate and 
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objective ASD diagnosis predictions. This uses 

technology to bridge the gap between medicine 

and great care by providing a reliable, efficient, user 

friendly diagnosis tool for clinicians, parents and 

caregivers. Ultimately the system is going to enable 

early intervention as well as improved care and 

support for children with ASD and permanently 

enhance the quality of their lives. 

 

           IV.PROPOSED SYSTEM 

 
In the proposed GAME-AUTISMVISION framework, 

personalization of gameplay, quizzing, and 

neuroimaging analysis is utilized to improve the 

early identification of Autism Spectrum Disorder 

(ASD). This platform exploits machine learning and 

deep learning models (i.e., VGG16) for the 

evaluation of behavioural and neural markers and 

consequently can render an overall and unbiased 

probability assessment of ASD. Steps in the 

Proposed System.  
 

Data Collection 

In the first step of the process, user data and 

behavioural measures are collected by way of 

interactive tests. This is divided into three 

components: 

Participant Registration: The system collects basic 

demographic details such as age, gender, and 

medical history related to ASD symptoms. 

Game-Based behavioural Analysis: Subjects play 

individualized puzzle-based games that aim at the 

assessment of cognitive power, attention span, 

reaction time, and problem-solving skills. The 

gameplay data is recorded for pattern recognition 

using machine learning models. 

 

Quiz for Social & Communication Skills: At the 

end of the gaming period, subjects are 

administered a set of questions aimed at measuring 

social interaction and communication difficulties, 

which are two important parameters of ASD. The 

responses are analyzed for speech patterns, social 

cues, and comprehension abilities. 

 
Fig 1. Architecture Diagram 

 

Neuroimaging Analysis Using MRI 

Besides behavioural assessments, the system also 

includes brain MRI analysis in order to screen 

neurological phenotypes related to ASD. The key 

steps include: 

 

MRI Image Processing: Brain MRI scans from 

participants are acquired and preprocessed by 

image enhancement and noise reduction tools. 

 

Feature Extraction with VGG16: Preprocessed MRI 

images are used as input to a pre-trained DL model 

(VGG16), and neural biological features associated 

with ASD are learned out from the model, including 

structural and connectivity differences. 

 

Data Preprocessing and Integration 

After both behavioural and neuroimaging data are 

obtained, they are preprocessed to achieve 

standardization and quality. 

 

Cleaning and Normalization: Missing or 

inconsistent data points are corrected, and 

numerical encoding is applied for categorical 

variables. 

 

Feature Engineering: Feature information from 

game performance, quiz answers, and MRI scans 

are chosen and are converted into a format for 

machine learning models. 

 

Data Fusion: The behavioural assessment outputs 

are concatenated with MRI-derived neuroimaging 

features to train an overall dataset toward ASD 

prediction. 

 

Machine Learning Model Development 
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To classify ASD likelihood, advanced machine 

learning models are employed. 

 

Training the Model: The dataset is divided into 

training and testing sets, and the model is trained 

on labeled ASD and normal/non-ASD cases. 

 

Classification & Prediction: The system employs 

deep learning (CNN, VGG16) and ensemble 

learning models to classify whether a participant is 

likely to have ASD. 

 

Performance Evaluation: Model correctness is 

verified with metrics such as precision, recall, F1-

score, and ROC curve analysis. 

 

ASD Risk Prediction and Report Generation 

Following analysis, the system outputs a 

comprehensive diagnostic report containing. 

 

Likelihood Score: A percentage-based risk score 

indicating ASD probability. 

 

behavioural Insights: Analysis of gaming and quiz 

performance with a focus on areas of concern. 

 

Neuroimaging Findings: Overview of feature 

extraction results from MRI-based methods and 

their comparison with ASD patterns. 

 

Recommendations: Suggested next steps, 

including medical consultations and therapy 

options. 

 

User-Friendly Interface and Accessibility 

To enhance usability, the system includes: To 

enhance usability, the system includes: 

 

Intuitive Web & Mobile Interface: A basic 

dashboard for parents, caregivers and clinicians to 

see the outcomes. 

 

Data Security & Privacy Measures: HIPAA and 

GDPR regulations compliance to safeguard patients' 

valuable data. 

Integration with Healthcare Systems: Electronic 

health record (EHR) compatibility for seamless 

clinician access. 

Through the combination of behavioural gaming, 

quizzing, and neuroimaging, this study provides an 

integrative, unbiased ASD screening tool. This 

system increases the accuracy of early diagnosis, 

thereby allowing early interventions and 

individualized treatments for children with potential 

for ASD. 

 

 
                     Fig.2 UML Diagram 

 

      V. COMPARATIVE ANALYSIS 

 
Accuracy, precision, recall, and F1-score are 

collectively used to evaluate the overall 

effectiveness of the model with regards to 

identifying ASD cases whilst  

 
Minimizing the number of false positive 

classifications. The comparative analysis indicates 

that there is significant improvement in every 

performance metric of the model used. 
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Comparative Analysis Table (Proposed 

Model vs. Existing Approaches) 

 
The accuracy score increased to 90% from an initial 

value of 81. 56%, which is notable as a more 

accurate overall classification was produced by the 

model. The Precision score which was rated as 79. 

5% before increased to 89% into a quite accurate 

overall classification score. The model also 

performed better at detecting actual ASD cases as 

the Recall increased from 80. 7% to 91% 

demonstrating a stronger detection capability of 

real cases with the model. Simultaneously the F1 

score increased from 80. 1% to 90%, which 

indicates that the overall function of the model was 

balanced between precision and recall 

performance. The bar graph accompanying the 

comparative analysis nicely illustrates the 

improvements made by the model, with GAME 

AUTISMVISON out performing previous methods at 

all performance metrics. 

 
Fig 3. Comparative Analysis Graph (Existing vs. 

Proposed Approach) 

 

       VI.RESULTS AND DISCUSSION 

 
This model shows strong performance across 

multiple tasks when diagnosing ASD. In the 

cognitive ability task, measured through puzzle 

game performance the model achieved an accuracy 

of 87% measuring a range of problem solving skills 

and an attention span across a number of different 

aspects of ASD. 

Social interaction, assessed through quiz analysis, 

attained a precision score of 85%, showcasing its 

ability to identify social interaction deficits. In 

assessing reaction time, the model recorded a 

response speed of 120 ms, faster than the ideal 

benchmark, accurately evaluating motor and 

sensory delays. MRI feature extraction, using the 

VGG16 model, achieved a prediction score of 92%, 

highlighting its effectiveness in identifying brain 

anomalies. 

Feature 
Predicted 

Score 

Ideal 

Benchmark 

Cognitive Ability Score 

(Gamebased) 
87% >80% 

Social Interaction Score 

(Quizbased) 
85% >75% 

Reaction Time Score 

(Game response 

time) 

120 ms <150 ms 

MRI Feature 

Extraction Score 

(VGG16 AI-

based) 

92% >85% 

Overall ASD Risk 

Score 

90% >85% 

      

Result Analysis Table (Feature-Based 

Performance Evaluation) 

 
Fig 4. Result Analysis Graph (Feature-Based 

Performance Visualization) 
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Overall the combined trials resulted in an ASD risk 

score of 90% which emphasized its reliability in 

providing thorough assessments of individuals with 

autism spectrum disorder. Using advanced 

approaches in AI and IoT in particular, the model 

shows potential in improving outcomes for children 

who suffer from autism. 

 

                 VII. CONCLUSION  

 
The GAME-AUTISMVISION system presents a novel 

and comprehensive approach to early ASD 

detection by integrating gaming, quizzing, and 

neuroimaging analysis. 

Unlike traditional behavioral assessments, it 

leverages deep learning models like VGG-16 to 

combine cognitive, social, and neurobiological 

factors, improving prediction accuracy. Interactive 

games and quizzes create an engaging diagnostic 

process, while neuroimaging helps identify ASD-

related markers, reducing misdiagnosis risks. This 

fusion of behavioral and neurobiological data 

bridges the gap between conventional methods 

and modern technology, offering a non-invasive 

and efficient screening tool. Future enhancements 

include advanced AI models for greater accuracy, 

real-time analysis for faster detection, and 

expanded data sources incorporating behavioral 

and genetic information. Wider accessibility 

through multilingual support and clinical 

integration with hospitals will strengthen expert 

validation. Additionally, wearable device support 

using smartwatches will enable real-time tracking of 

behavioral patterns. These advancements will 

further refine ASD detection, ensuring timely 

intervention and better outcomes for children. 
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