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Customer retention is a critical challenge for modern banking institutions, as
maintaining existing customers is more cost-effective than acquiring new ones and
plays a key role in long-term profitability. Customer churn, which refers to customers
leaving a bank’s services, can lead to significant financial losses if not addressed
proactively. Therefore, predicting customer churn has become an essential task for
banks to enhance customer satisfaction and implement effective retention strategies.

This project focuses on developing a machine learning-based system to predict
customer churn using various demographic and financial attributes of bank customers.
The model analyzes features such as credit score, age, tenure, account balance,
number of products, credit card ownership, active membership status, and estimated
salary to determine whether a customer is likely to leave the bank.

Multiple machine learning algorithms, including Logistic Regression, Random Forest,
and Gradient Boosting, were implemented and evaluated to identify the most effective
model for churn prediction. Among these, the Random Forest classifier demonstrated
superior performance due to its ability to capture complex relationships within the
data and reduce overfitting through ensemble learning techniques.

I. Introduction

The main problem addressed in this project is the development of an automated
system capable of predicting whether a bank customer is likely to churn based on
historical data. Customer churn refers to the situation where customers stop using a
bank’s services, which can significantly impact the bank’s revenue and growth. In the
highly competitive banking sector, understanding customer behavior and preventing
churn has become a crucial challenge.

By applying machine learning algorithms to customer data, it becomes possible to
analyze patterns in customer behavior such as transaction history, account usage, and
demographic details. These patterns help in identifying customers who are at a higher
risk of leaving the bank. The proposed automated prediction system aims to improve
accuracy in identifying such customers and assist banks in making data-driven
decisions.

This system enables banks to take proactive measures such as offering personalized
services, improving customer experience, and implementing targeted retention
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strategies. As a result, it helps in reducing customer attrition, increasing customer
satisfaction, and improving overall profitability.

I. Literacture Survey

Several research studies have explored the use of machine learning and data mining
techniques for predicting customer churn in banking systems, emphasizing its
importance in improving customer retention and business profitability. Singh et al.
(2024) conducted a comparative analysis of various machine learning algorithms,
including Logistic Regression, Random Forest, and Gradient Boosting, and found that
ensemble methods such as Random Forest achieved higher accuracy due to their
ability to manage complex and nonlinear relationships within customer data. Similarly,
Boozary (2025) focused on advanced analytics for churn prediction using models like
Random Forest, XGBoost, and Decision Trees, concluding that ensemble learning
techniques significantly enhance prediction performance and model stability. Huang
et al. (2023) applied data mining approaches using Support Vector Machines and
Neural Networks to analyze customer behavior, identifying key factors such as
transaction activity, account balance, and service usage patterns as major contributors
to customer churn.

In addition to these studies, recent research has also highlighted the importance of
feature engineering, data preprocessing, and model optimization in improving
prediction accuracy. Techniques such as handling missing values, encoding
categorical variables, and balancing imbalanced datasets using methods like SMOTE
have shown to enhance model performance. Furthermore, deep learning approaches
and hybrid models combining multiple algorithms are gaining attention for their
ability to capture complex behavioral patterns in large-scale banking datasets.

Moreover, recent advancements have introduced the use of real-time analytics and big
data technologies to enhance churn prediction systems. The integration of predictive
models with customer relationship management (CRM) systems allows banks to
identify high-risk customers instantly and take timely actions.

I1. System Analysis

System analysis is the process of studying, understanding, and evaluating an existing
system or problem in order to design an improved and efficient solution. It involves
identifying system requirements, analyzing current workflows, detecting limitations,
and proposing better approaches to achieve desired outcomes. The main goal of
system analysis is to ensure that the developed system meets user needs, improves
performance, and solves real-world problems effectively.

In the context of software and data-driven applications, system analysis plays a
crucial role in defining how data is collected, processed, and utilized. It helps in
identifying inputs, outputs, processing methods, and system constraints. For machine
learning-based systems, system analysis also includes understanding data sources,
preprocessing requirements, model selection, and evaluation techniques.

A well-defined system analysis ensures that the proposed system is efficient, scalable,
accurate, and capable of handling real-time scenarios.
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Existing System

In the traditional banking system, customer churn prediction is mostly handled using
basic statistical methods or manual analysis. Banks rely on historical reports,
customer complaints, and simple rule-based approaches to identify customers who
may leave their services. These methods often depend on limited data and human
intuition rather than advanced analytics. In many cases, banks take action only after
customers have already churned, making the process reactive instead of proactive.
Additionally, the lack of automation makes it difficult to process large volumes of
customer data efficiently.

Disadvantages of Existing System

e Lack of automation in analyzing customer data

e Low prediction accuracy due to traditional methods

e Inability to handle large and complex datasets

e Reactive approach instead of proactive churn prevention
e Limited use of customer behavioral data

¢ Time-consuming and prone to human errors

Proposed System

The proposed system is a machine learning-based customer churn prediction system
designed to analyze customer data and predict the likelihood of churn. It utilizes
various features such as customer demographics, financial details, and account
activity to build predictive models. The system applies advanced algorithms like
Logistic Regression, Random Forest, and Gradient Boosting to improve prediction
accuracy.

The system includes data preprocessing steps such as handling missing values,
encoding categorical variables, normalization, and feature selection. After training,
the model can automatically classify customers as likely to churn or not. This enables
banks to identify high-risk customers in advance and take proactive actions such as
personalized offers, improved customer service, and targeted retention strategies. The
system can also be integrated with existing banking systems to provide real-time
insights.

Advantages of Proposed System

e Improved accuracy using machine learning techniques

e Automated processing of large-scale customer data

e FEarly identification of customers at risk of churn

e Enables proactive decision-making and retention strategies
e Reduces manual effort and human errors

e Capable of analyzing complex and hidden patterns in data
e Scalable and adaptable to large banking systems

e Enhances customer satisfaction and business profitability

ISSN:2250-3676 www.ijesat.com Page 1201 of 1206



International Journal of Engineering Science and Advanced Technology(IJESAT) Vol 26 Issue 04, April, 2026

II1. Methodology

The methodology of this project involves a systematic process of collecting,
processing, and analyzing customer data to build an accurate churn prediction model.
The overall approach is divided into several stages, ensuring efficient data handling
and reliable model performance.

Initially, the dataset is collected, which contains customer information such as
demographic details, account information, and transaction-related attributes. This data
serves as the foundation for the entire prediction system. Once the data is collected,
the next step is data preprocessing, where missing values are handled, irrelevant
features are removed, and categorical variables are converted into numerical form
using encoding techniques. Data normalization and scaling may also be applied to
improve model performance.

System Architecture

The system architecture of the Bank Customer Churn Prediction system represents the
overall structure and workflow of how data is collected, processed, and used to
generate predictions. It consists of multiple layers that work together to provide
accurate and efficient churn prediction.

System Architecture

Data Collection

e Collect bank customer dataset
(Kaggle dataset with 10,000 records)

: Data Preprocessing

e Clean data, remove unnecessary columns
e Encode categorical values

Feature Selection

e Select important features (e.g., age, credit
score, balance, tenure)

Model Training

e Train ML models (Logistic Regression,
Random Forest, Gradient Boosting)

1

[ Model Evaluation

)

= Evaluate performance using accuracy,
precision, recall, F1-score, and cofun matrix

1

[ Model Evaluation

e Evaluate performance using accuracy,
precision, recall, F1-score, and confusion matrix

—
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IV. Result and Output
Customer Churn Distribution : The first analysis focuses on the distribution of the

target variable Churn. A count plot was generated to visualize the number of
customers who stayed with the bank and those who left.

Customer Churn Distribution
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Age Distribution with Respect to Churn : A histogram was created to analyze the
distribution of customer age and its relationship with churn behavior.

Age Distribution vs Churn
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Customer churn rate by country : A bar chart was generated to analyze how churn
behavior varies across different countries. This visualization helps identify

geographical patterns in customer retention.

Churn Rate by Country
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Feature Important Analysis : Feature importance was calculated using the
Random Forest classifier to identify which attributes contribute most to

predicting customer churn.
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V. Conclusion :

In conclusion, this project successfully developed a machine learning-based system
for predicting bank customer churn using both demographic and financial data. The
system followed a well-structured pipeline consisting of data preprocessing,
exploratory data analysis, model training, and performance evaluation, ensuring
accurate and reliable predictions.

Multiple machine learning algorithms, including Logistic Regression, Random Forest,
and Gradient Boosting, were implemented and compared. Among these, the Random
Forest classifier achieved the best performance, demonstrating higher accuracy and
robustness in predicting customer churn. Visualization and analysis of the dataset
helped in identifying key factors influencing churn, such as customer age, account
balance, credit score, number of bank products, and active membership status.

The results clearly indicate that machine learning techniques are highly effective in
analyzing customer behavior and identifying churn patterns. By leveraging such
predictive systems, banks can detect high-risk customers in advance and take
proactive measures, such as personalized services and targeted retention strategies, to
reduce customer attrition.
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