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Abstract

The rapid growth of e-commerce platforms has significantly increased the need for personalized product
recommendation systems. Modern online shopping applications generate large volumes of user interaction
data including browsing history, ratings, product searches, and purchase patterns. Traditional
recommendation methods often fail to provide accurate and personalized suggestions to users due to
scalability and dynamic preference challenges. This research presents a machine learning-based product
recommendation system designed for e-commerce platforms using collaborative filtering techniques. The
proposed system analyzes user behavior and purchasing patterns to recommend relevant products
efficiently.

The system utilizes structured datasets, user-item interaction matrices, cosine similarity, and
recommendation algorithms to generate personalized product  suggestions. Comparative analysis
demonstrates that the proposed model improves recommendation accuracy, user satisfaction, and
engagement compared to traditional methods. Experimental results show that machine learning-based
recommendation engines reduce product discovery time while improving purchase relevance. The research
highlights the importance of integrating intelligent recommendation systems into e-commerce platforms for
improved customer experience and increased business performance.

Keywords: Machine Learning, Recommendation System, E-Commerce, Collaborative Filtering, Artificial
Intelligence, Product Recommendation, Cosine Similarity.

I. INTRODUCTION

The emergence of digital commerce has transformed the global retail industry. E-commerce platforms such
as Amazon, Flipkart, Myntra, and AJIO have revolutionized the way customers browse and purchase
products online. With millions of products available on online marketplaces, customers often face
challenges in discovering products relevant to their interests and preferences. Therefore, recommendation
systems have become an essential component of modern e-commerce applications.

Recommendation systems are intelligent software applications that analyze user behavior and provide
personalized product suggestions. These systems use machine learning algorithms, data mining techniques,
and artificial intelligence methods to understand customer preferences. By recommending products based
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on previous purchases, browsing history, ratings, and search activities, recommendation engines improve
customer satisfaction and increase sales.

Traditional recommendation approaches relied on manual filtering and rule-based systems. However, such
systems are unable to handle large-scale dynamic datasets effectively. Machine learning-based
recommendation systems overcome these limitations by learning user behavior patterns automatically and
adapting to changing preferences.

This research proposes a machine learning-based product recommendation system using collaborative
filtering techniques. The system focuses on identifying similarities among users and products to provide
accurate recommendations. The proposed model improves personalization, enhances customer
engagement, and optimizes the shopping experience.

The major objectives of this study are:

1. To design an intelligent recommendation system for e-commerce platforms.
2. To analyze user purchasing behavior using machine learning techniques.

3. To improve recommendation accuracy using collaborative filtering.

4. To evaluate system performance based on accuracy and efficiency.

5. To enhance customer experience and engagement.

Il. LITERATURE REVIEW

Recommendation systems are widely used in e-commerce platforms to improve customer experience and
increase sales. Collaborative filtering, content-based filtering, and hybrid recommendation systems are the
most commonly used techniques.

Collaborative filtering identifies similarities between users and products using historical interaction data.
Content-based filtering recommends products based on product attributes and user preferences. Hybrid
systems combine both methods for better accuracy.

Machine learning algorithms such as KNN, cosine similarity, and neural networks help improve
personalization and recommendation efficiency. Previous studies indicate that. collaborative filtering
performs effectively in large-scale e-commerce environments.

I1l. PROBLEM STATEMENT

Modern e-commerce platforms contain massive amounts of product information and user interaction data.
Customers often experience difficulty finding relevant products due to information overload. Traditional
recommendation systems lack adaptability and personalization, resulting in poor user experience and
reduced engagement.

Additionally, many recommendation systems face issues such as:

o Low recommendation accuracy

o Sparse user-item interaction data

o Cold-start problem for new users

o Limited personalization

o Scalability issues with large datasets

Therefore, there is a need for a machine learning-based recommendation system capable of analyzing user
behavior dynamically and generating personalized recommendations efficiently.
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IV. OBJECTIVES OF THE STUDY

The objectives of the proposed research are:

1. To develop a machine learning-based recommendation engine.

2. To analyze customer behavior using user interaction data.

3. To improve recommendation accuracy using collaborative filtering.

4. To reduce product discovery time.

5. To enhance customer satisfaction and engagement.

6. To compare Al-assisted recommendation performance with traditional recommendation

systems.

V. SYSTEM DESIGN AND METHODOLOGY
5.1 Research Methodology

This research adopts a mixed-method approach combining quantitative analysis and machine learning
techniques. User interaction data including ratings, browsing history, purchase patterns, and product
searches are collected and analyzed.

The methodology consists of:

o Data Collection

. Data Preprocessing

o Similarity Analysis

o Recommendation Generation
o Performance Evaluation

5.2 System Architecture
The proposed recommendation system contains the following modules:

1. User Interface Module

Data Collection Module
Recommendation Engine

Machine Learning Processing Module
Database Management System

ARl A

System Workflow

User logs into the e-commerce platform.

System collects browsing and purchase history.
Machine learning algorithm analyzes user behavior.
Similar users and products are identified.
Personalized recommendations are generated.
Recommended products are displayed.

oukrwnE
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VI. TECHNICAL IMPLEMENTATION

6.1 Technologies Used

Component Technology Used
Frontend HTML, CSS, JavaScript
Backend Python / Flask

Database MySQL

Machine Learning Scikit-learn

IDE VS Code

Hosting Localhost / Cloud

6.2 Dataset Collection
The dataset includes:

. User IDs

o Product IDs

o Product Ratings
o Purchase History
o Search Activities

A sample dataset of 100 users and 500 products was utilized for training and testing.
6.3 Data Preprocessing

The collected data undergoes preprocessing steps such as:

o Data Cleaning

o Missing Value Removal
o Normalization

o Duplicate Elimination

o Feature Extraction

6.4 Collaborative Filtering Algorithm

Collaborative filtering identifies similar users using cosine similarity.
Cosine Similarity Formula

Similarity(A,B) = (A - B) / (||A]l 11BII)

The algorithm calculates similarity scores between users and recommends products with higher similarity
ratings.
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VII. ER DIAGRAM

Entities Used

1. Users

2. Products

3. Orders

4. Cart

5. Recommendations

ER Relationship Description

o One user can place multiple orders.

o One order can contain multiple products.

o Users can add products to the cart.

o Recommendation engine stores personalized suggestions.

VIIl. DATA FLOW DIAGRAM (DFD)
Level 0 DFD

The wuser interacts with the e-commerce system by searching and purchasing products. The
recommendation engine processes user behavior data and generates personalized suggestions.

Main Components

o User

o Recommendation Engine

o Product Database

J Order Management System
Level 1 DFD

1. User Login Process

2. Product Browsing Process

3. Recommendation Processing

4. Purchase and Payment Process

IX. RESULT AND ANALYSIS

The proposed recommendation system was evaluated using recommendation accuracy, response time, and
customer engagement.

Parameter Traditional System Proposed ML System
Accuracy 65% 88%
Personalization ~ Moderate High
Response Time  Moderate Fast
User Satisfaction Moderate High

The experimental analysis revealed improved recommendation relevance, faster product discovery, and
higher customer engagement.

[JCRT2605414 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] d571


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 5 May 2026 | ISSN: 2320-2882
X. DISCUSSION

The findings demonstrate that machine learning-based recommendation systems significantly improve e-
commerce user experience. Collaborative filtering effectively identifies patterns in customer behavior and
generates personalized recommendations.

The system improves:

o Product visibility

o Customer retention

. User engagement

o Sales conversion

o Recommendation relevance

However, recommendation systems still face challenges including:

J Cold-start problem

o Sparse datasets

J Scalability concerns

o Privacy and security risks

Despite these challenges, machine learning-based recommendation systems provide substantial benefits for
modern e-commerce platforms.

XI. BENEFITS AND LIMITATIONS

Benefits

o Personalized shopping experience

o Faster product discovery

. Increased customer engagement

J Better sales conversion
Limitations

o Cold-start problem

o Sparse datasets

o Dependence on historical data

XIl. FUTURE SCOPE

Future improvements may include deep learning integration, real-time recommendation systems, hybrid
recommendation models, and cloud deployment.

XI11. CONCLUSION

This research presents a machine learning-based product recommendation system for e-commerce
platforms using collaborative filtering techniques. The proposed model analyzes user interaction data and
generates personalized product recommendations efficiently.

Experimental analysis demonstrates that the system improves recommendation accuracy, customer
satisfaction, and engagement compared to traditional methods. The recommendation engine reduces
product discovery time while increasing purchase relevance.
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Machine learning and artificial intelligence play a critical role in modern e-commerce personalization.
Recommendation systems not only improve customer experience but also contribute to increased business
growth and profitability.

The study concludes that intelligent recommendation systems are essential for modern digital commerce
platforms and future research can further optimize scalability, personalization, and real-time
recommendation performance.
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