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 Abstract: 
            Personalized learning has become a vital strategy in contemporary education to meet the unique needs 
and learning preferences of individual students. Conventional e-learning systems typically deliver uniform 
content to all users, failing to account for variations in learning speed, performance, or comprehension. This 
paper introduces an AI-driven Personalized Learning System that leverages machine learning to assess 
student performance and deliver tailored learning resources. The System is built with React.js for the user 
interface, FastAPI and Python for the backend, and PostgreSQL for data storage. A smart recommendation 
engine evaluates quiz results, learning patterns, and topic engagement to continuously adapt and customize 
each student’s learning journey. Experimental results show significant gains in learning effectiveness, user 
involvement, and academic outcomes, offering a scalable and intelligent solution for adaptive education. 
 
Keywords — Artificial Intelligence, Personalized Learning, Machine Learning, Recommendation 
System, Educational Technology, Web Application. 
 

----------------------------------------************************----------------------------------

*Purushottam R. Patil 
 (Department of Computer Science and Engineering,  

Sandip University, Nashik, India 
Email: Email: purupatil7@gmail.com)       

    

**Parag Dilip Wankhede 
(Department of Computer Science and Engineering,  

Sandip University, Nashik, India 
Email: paragwankhede10@gmail.com) 

 

***Adesh Kishor Dakhore 
 (Department of Computer Science and Engineering,  

Sandip University, Nashik, India 
Email : dakhoreadesh15@gmail.com) 

 

****Sumedh Rambhau Ambhore 
 (Department of Computer Science and Engineering,  

Sandip University, Nashik, India 
Email : sumedhambhore7@gmail.com) 

 

*****Sakshi Nivrutti Pagar 
 (Department of Computer Science and Engineering,  

Sandip University, Nashik, India 
Email : pagarsakshi9@gmail.com) 

AI-Powered Personalized Learning System (Using Machine 
Learning and Web Technologies) 

RESEARCH ARTICLE                                     OPEN ACCESS 



International Journal of Scientific Research and Engineering Development-– Volume 9 Issue 2, Mar-Apr 2026   
               Available at www.ijsred.com                                

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 2723 

I.     INTRODUCTION 
The swift rise of digital education has 

reshaped how students obtain learning 
materials. While online Systems offer 
convenience and broad access, they 
frequently overlook the varied needs of 
individual learners. Most systems rely on 
fixed content, leading to lower engagement 
and suboptimal learning results. 

 
Artificial Intelligence (AI) can 

revolutionize education by facilitating 
personalized learning systems that tailor 
content to a student's performance and 
interests. These AI-driven tools can examine 
user data, monitor progress, and suggest 
appropriate lessons, practice problems, and 
learning materials. 

 
This study introduces an AI-driven 

personalized learning System that delivers 
tailored educational experiences by 
analyzing student performance and learning 
behaviors to offer individualized 
recommendations, thereby enhancing 
learning efficiency, student engagement, and 
long-term knowledge retention. 

 

II.     RELATED WORK 
Several studies have explored the 

integration of artificial intelligence in 
education. 

Adaptive learning systems such as Khan 
Academy and Coursera utilize basic 
performance tracking to suggest practice 
exercises. However, many existing systems 
rely on static rule-based approaches rather 
than dynamic AI models. 

Research in Educational Data Mining 
and Learning Analytics has shown that 
machine learning techniques can predict 
student performance and recommend 
learning paths. Collaborative filtering and 
content-based filtering are commonly used 
for recommendation systems in education. 

Recent advancements in deep learning 
and natural language processing have 
enabled intelligent tutoring systems capable 
of providing automated feedback and 
personalized content delivery. However, 
many Systems lack scalable architectures 
that combine AI with modern web 
technologies. 

The proposed system addresses this gap by 
integrating machine learning algorithms 
with a full-stack web architecture to create 
a scalable personalized learning environment. 

 

    SYSTEM   
ARCHITECTURE 

A. Overall Design  

The proposed System follows a client-server 

architecture consisting of three main layers:  

Frontend Layer 

 Developed using React.js 

 Provides interactive user interface 

 Displays courses, quizzes, and recommendations  

Backend Layer 

 Implemented using Fast API and Python 

 Handles API requests and user authentication 

 Processes recommendation algorithms  
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Database Layer 

 PostgreSQL stores user data, quiz results, and 

learning history 

 The system continuously collects data from user 

interactions to improve recommendation 

accuracy.  

 
 
B. Module Description 

The System includes the following modules: 
1. User Management Module 
Handles user registration, login 

authentication, and profile management. 
2. Learning Content Module 
Stores and manages course materials, 

tutorials, and quizzes. 
3. Performance Tracking Module 
Tracks user activities such as quiz scores, 

completion time, and topic engagement. 
4. Recommendation Engine 
Uses machine learning algorithms to analyze 

user data and suggest personalized 
learning paths. 

5. Analytics Dashboard 
Provides visual insights about student 

progress and performance trends. 
 
C. Recommendation Model 

 The personalized 

recommendation score is 

calculated using the following 

model:  

 

Where: 

P = Student performance score 

E = Engagement level 

T = Topic relevance  

Default weights are: 

 

 The system recommends learning materials 

with the highest recommendation score.  

 
 
IV.      IMPLEMENTATION DETAILS 
1 

The backend is built with Fast API to deliver 
efficient RESTful services. Machine learning 
models are created using Python tools like 
Scikit-Learn and Pandas for data 
manipulation and analysis. The frontend is 
developed with React.js, offering interactive 
and responsive user experiences, allowing 
users to browse courses, take quizzes, and 
receive real-time recommendations. 
PostgreSQL serves as the main database, 
managing user data, learning progress, and 
recommendation outcomes. 
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The recommendation engine processes 
historical learning data and predicts suitable 
topics for each learner. The system also 
tracks continuous feedback to improve 
recommendation accuracy over time. 

 
 
V.      EXPERIMENTAL EVALUATION 

 
  A. Participants and Methodology 
 

The System was tested with 10 
undergraduate students studying computer 
science. Each participant used the system for 
two weeks while completing learning 
modules and quizzes. 

Performance metrics such as quiz scores, 
engagement levels, and completion rates 
were recorded before and after using the 
personalized learning System. 
 

 
B. Results and Metrics 

Metric 
Before 

System 
After 

System 
Average Quiz 

Score 
65.4 78.9 

Engagement 
Level (1–5) 

3.0 4.3 

Course 
Completion Rate 

58% 81% 

The results demonstrate significant 
improvements in learning performance and 
engagement after adopting the AI-based 
personalized learning approach. 

 
 
VI.    DISCUSSION 

 

The experimental results indicate that 
personalized learning systems can 
significantly enhance educational outcomes. 
By analyzing learner behavior and adapting 
content accordingly, the System provides 
more relevant and effective learning 
experiences. 

However, certain challenges remain, 
including: 

• Data privacy and security concerns  
• Bias in recommendation algorithms  
• Dependence on high-quality training 

data  
Future work should focus on integrating 

advanced AI models such as deep learning 
and reinforcement learning to further 
improve personalization accuracy. 

 
 

  VII.     FUTURE ENHANCEMENTS 
 
Several enhancements are planned for future 
versions of the System: 

1. AI-Chat-Tutor 

Integration of conversational AI for 
real-time student assistance.  

2. Speech-and-Video-Learning-
Analysis 

Use of speech recognition and facial 
analysis for improved engagement 
monitoring.  

3. Adaptive-Difficulty-Adjustment 

Automatic adjustment of quiz 
difficulty based on student 
performance.  

4. Integration-with-Learning-
Management-Systems-(LMS) 

Support for integration with 
institutional Systems such as Moodle 
and Google Classroom. 
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VIII.    CONCLUSION 
 
This research presents an AI-Powered 
Personalized Learning System that 
leverages machine learning algorithms to 
deliver customized learning experiences. 
The proposed system integrates modern 
web technologies and intelligent 
recommendation mechanisms to improve 
student engagement and academic 
performance. 
Experimental evaluation demonstrates 
that the system significantly enhances 
learning outcomes and user satisfaction. 
The System shows strong potential for 
adoption in modern educational 
environments and scalable digital 
learning systems. 
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