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Abstract:

This research presents the design and implementation of an Al-Based Adaptive and Personalized E-
Learning Platform that enhances digital education through intelligent algorithms and modern web
technologies. Developed using the MERN stack (MongoDB, Express.js, React.js, Node.js), the
system personalizes learning experiences through Al-based recommendations, progress tracking, and
chatbot assistance. Algorithms such as Content-Based Filtering, K-Means Clustering, Knowledge
Tracing, and JWT Authentication were implemented to ensure personalization, performance grouping,
and security. The platform achieved improved user engagement and faster learning outcomes compared
to traditional e-learning systems. The proposed framework demonstrates how Al and web technologies
can make education more accessible, adaptive, and efficient for students, teachers, and institutions.

Keywords: E-Learning, Artificial Intelligence, MERN Stack, Recommendation System, Adaptive
Learning, Progress Tracking.

1. INTRODUCTION

This project focuses on building a smart e-learning platform that can be used by students, teachers, and
administrators. Students can watch lectures, take quizzes, track their progress, and get Al-based
recommendations for what to study next. Teachers can create and manage courses, upload study
materials, and monitor student performance. Administrators can manage the overall platform and users.
The system also includes an Al chatbot that answers student questions and a lecture summarizer that
helps learners revise topics quickly. The project can be used in schools, colleges, or training institutes to
make digital learning more personalized and accessible.

While e-learning systems have made education widely accessible, most existing platforms provide static
content that fails to adapt to each learner’s progress and ability. Learners often struggle to find suitable
courses, stay motivated, and track their growth effectively. Current systems also lack real-time support
and data-driven recommendations that can guide learners based on their performance.

This research addresses these gaps by building an Al-powered e-learning system capable of
understanding user activity, predicting performance trends, and suggesting personalized learning paths.
The platform uses machine learning algorithms to cluster learners into suitable groups and generate
adaptive recommendations. It also integrates a chatbot for interactive assistance and progress analytics
for performance tracking.

2. LITERATURE REVIEW:

In the context of this project, several recent surveys and research papers on Al-based e-learning
systems have been reviewed to understand their design, technologies, and effectiveness in enhancing
digital education. These studies provide insights into how Artificial Intelligence (AI) and Machine
Learning (ML) are being used to personalize learning experiences, track student progress, and improve
learner engagement. The reviewed literature forms the foundation for developing this Al-powered
adaptive e-learning platform, which integrates recommendation systems, chatbots, and progress
tracking to create an intelligent and interactive learning environment.
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First reference paper discusses Knowledge Tracing models that track what students understand and
predict their future performance. The authors describe how Al can analyze a student’s quiz history and
study habits to adjust the learning path in real time. The model helps identify weak areas and
recommend suitable materials.

These ideas inspired our project’s progress tracking module, which records lecture watch time, quiz
performance, and progress percentage to personalize learning for every student. [1]

Second paper of research presents the development of a scalable e-learning system using the MERN
stack MongoDB, Express, React, and Node.js. It emphasizes efficient data handling, a responsive
interface, and real-time updates. The paper influenced our project’s technical implementation, as we
also used MERN to ensure flexibility, performance, and easy scalability. [2]

Next paper discusses how Al is transforming education by automating administrative tasks, supporting
teachers, and enabling personalized student support. It also predicts that future e-learning systems will
fully depend on Al for adaptability and student engagement.This paper guided our Al integration
strategy, ensuring that personalization, analytics, and automation form the backbone of our system’s
design. [3]

Fourth review paper explains how adaptive learning systems use Al to automatically adjust study
content based on learner performance. The authors highlight that personalization increases motivation
and learning outcomes compared to static e-learning systems.

This research supports our project’s Al-based recommendation feature, which suggests courses and
modules according to user interests and past activity. [4]

Next study focuses on the use of Al chatbots to assist students in solving doubts instantly. Chatbots can
simulate tutor-like conversations, improving learner interaction and satisfaction.

The findings helped design our AI chatbot module, which allows students to ask questions and get
instant answers, reducing their dependency on teachers for minor doubts. [5]

3. METHODOLOGY
Algorithms Used:
. JWT (Authentication): JWT makes the login process safe by giving each user a secret key that
proves their identity during every action on the platform.
. Content-Based Filtering: This algorithm is used for personalized course recommendations. It
works by analyzing the content of courses (like titles, descriptions, and keywords) and comparing them
with the learner’s previously studied topics or interests. Using TF-IDF (Term Frequency—Inverse
Document Frequency), the system converts course text data into numerical form and then applies cosine
similarity to measure how closely one course matches another.
Simplified Formula:

Similarity(A,B)= A-B/I|Alx|IBI|
Here, A and B are the TF-IDF vectors of two courses. A higher similarity score means the course is more
relevant to the user’s interests.
. K-Means Clustering: The K-Means Clustering algorithm is applied to group learners into three
main performance categories: Beginner, Intermediate, and Advanced. It uses the learners’ quiz scores,
completion rate, and engagement time as input data. The algorithm randomly assigns learners to clusters
and then adjusts the groupings based on the distance between each student’s performance and the cluster
center.
. Knowledge Tracing: Knowledge Tracing tracks each learner’s understanding over time by
analyzing quiz results, topic completion, and time spent on learning materials. It predicts how likely a
student is to answer future questions correctly based on their past responses. The system uses this data to
identify weak areas and suggest new topics or revision lessons.

IJSAT25049203 Volume 16, Issue 4, October-December 2025 2



https://www.ijsat.org/

IJSAT

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

Reason for Choosing the Selected Algorithms:

In this project, four main algorithms - JWT, Content-Based Filtering, K-Means Clustering, and
Knowledge Tracing - were selected because they provide the right balance of simplicity, efficiency, and
accuracy for an Al-based e-learning platform.

JWT (JSON Web Token) was chosen for authentication because it offers secure, token-based login
without requiring server-side session storage. It is faster, lightweight, and easier to integrate than
complex frameworks like OAuth or SAML, making it ideal for web-based learning platforms.
Content-Based Filtering was used for course recommendation as it works well even with limited user
data. Unlike collaborative or neural network recommenders that need a large dataset, content-based
filtering analyzes course features and learner preferences using TF-IDF and cosine similarity, giving
accurate suggestions with less computation.

K-Means Clustering was selected to group learners by performance levels such as Beginner,
Intermediate, and Advanced. It is faster, easier to visualize, and simpler to implement than advanced
clustering algorithms like DBSCAN or GMM, which require complex tuning and more data.
Knowledge Tracing was chosen to monitor learning progress because it effectively predicts a learner’s
understanding based on past performance. Advanced deep models like DKT or IRT need large amounts
of interaction data and high computing power, which are less practical for real-time deployment due to
their high computational requirements and complex data needs.

Together, these algorithms make the system secure, adaptive, and data-efficient, ensuring personalized
learning without unnecessary complexity or high computational cost.

System Architecture:

The architecture follows a three-tier structure:

1. Frontend (React.js): Manages the user interface for students, teachers, and admins.

2. Backend (Node.js + Express): Handles APIs, authentication, and communication with the
database.

3. Database (MongoDB): Stores user profiles, course data, progress logs, and chatbot interactions.
The system flow begins when a user logs in securely through JWT authentication. After login, the
dashboard displays Al-recommended courses and visual analytics. The progress tracker records activity
such as quiz scores and video completion, while the Al engine continuously updates recommendations
and learning insights.

Ethical Considerations:

The platform follows strict data privacy and security measures. All user credentials are hashed using
authenticated through JWT tokens, ensuring secure sessions. No personally sensitive information
beyond educational data is collected. All user activity data used for analytics are anonymized before
processing.

Al algorithms are designed to minimize bias by using neutral datasets and applying fairness validation
checks. The system complies with general data protection principles (similar to GDPR). During
deployment, user consent will be required for any form of data tracking or progress analysis.

4. RESEARCH GAP AND FUTURE SCOPE

Although the current system enhances the learning experience using Al, there is still room for
improvement. Future upgrades can include Al-based voice assistants for better interaction and emotion
detection to identify when learners feel confused. Adding gamification features like rewards and badges
can make learning more engaging. Further research may focus on using deep learning for more accurate
recommendations and advanced analytics for personalized reports. The platform can also be expanded
to support multiple languages and offline learning for wider reach.
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5. CONCLUSION

The Al-based e-learning platform makes online learning smart and adaptive.

It provides personalized course suggestions, secure login, lecture summaries, and interactive dashboards.
By using Al algorithms, the system ensures that every student learns in a way that suits their knowledge
level and speed. In the future, voice-based assistants and gamification can be added to make learning
even more fun and effective.
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