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   ABSTRACT 

Customer retention plays a pivotal role in sustaining the growth of service-oriented industries, especially within 

the competitive telecom sector. This study introduces a framework using predictive analytics to identify 

customers at risk of churn, leveraging data-driven insights and machine learning models. Utilizing the publicly 

available Telco Customer Churn dataset, the study involves data cleaning, feature selection, and classification 

model building. A frontend system enhances the usability of the predictions, enabling businesses to implement 

proactive retention strategies like personalized SMS communication. This approach offers a scalable solution 

for tackling churn effectively and boosting organizational performance. 
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INTRODUCTION 

In a highly competitive market environment, retaining customers has emerged as a critical factor in sustaining 

profitability. The telecom industry faces unique challenges such as escalating customer acquisition costs and 

high churn rates. Customer churn, defined as customers discontinuing a service, directly impacts revenue. 

Identifying such customers in advance and implementing targeted retention strategies can preserve market share 

and foster customer loyalty. 

This paper proposes the comprehensive churn prediction model integrating predictive analytics and machine 

learning. By utilizing the Telco Customer Churn dataset, the model explores data preprocessing, advanced feature 

engineering, and classification techniques to provide accurate predictions. Additionally, a user-centric application 

is introduced to facilitate actionable insights and enable direct retention efforts through personalized SMS 

communication. This synergy of analytics and actionable insights bridges the gap between theoretical modelling 

and practical business applications, positioning the framework as an adaptable solution for similar challenges in 

other service industries. 

 

OBJECTIVES 

The basic objective of this project is to develop a robust predictive framework for identifying customers at high 

risk of churn within the telecom sector by leveraging machine learning techniques on the Telco Customer Churn 

dataset. The project emphasizes thorough data preprocessing and analysis to uncover critical patterns that enhance 

prediction accuracy. Additionally, it introduces a user-friendly frontend application for visualizing churn 

predictions and implementing actionable retention strategies. A key feature of this system is the integration of a 

personalized messaging platform, enabling proactive customer engagement through SMS notifications. The study 

also focuses on evaluating and optimizing various classification models to ensure high 
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performance and reliability. Ultimately, the proposed framework aims to offer a scalable and adaptable solution to 

mitigate churn challenges in the telecom industry and other service-oriented sectors. 

 

METHODOLOGY 

The research follows a systematic process, adhering to the CRISP-DM (Cross-Industry Standard Process for 

Data Mining) methodology, which includes the following phases: 

 

1. Business Understanding: Define the goal of identifying potential customer churn as a classification 

problem, ensuring alignment with business objectives. 

2. Data Understanding: Conduct exploratory analysis to recognize patterns in customer behavior, such 

as service usage, billing trends, and demographics, which inform feature selection. 

3. Data Preparation: Handle the missing values, address outliers, encode categorical variables, and scale 

numerical features for seamless integration with ML models. To manage class imbalance, techniques such 

as SMOTE (Synthetic Minority Oversampling Technique) are applied. 

4. Modeling: Exibit various ML algorithms, including logistic regression, decision trees, random forests, 

and ensemble methods like Naïve Bayes. Hyperparameter tuning and cross- validation are employed to 

enhance performance. 

5. Evaluation: Evaluate the models using some metrics like accuracy, precision, recall, F1-score, and ROC-

AUC to ensure reliable predictions. Tools such as confusion matrices and ROC curves provide a 

comprehensive evaluation. 

6. Deployment: Integrate the chosen model into an intuitive application that visualizes predictions and 

supports customer retention efforts through personalized SMS outreach. This practical implementation 

underscores the relevance of predictive modeling in real-world applications. 

 

 

DATAANALYSIS AND INTERPRETATION 

Data Analysis and Interpretation 

The backend code employs Python and its robust libraries for data preprocessing, visualization, and model 

evaluation. The process is structured into the following stages: 

1. Data Loading: 

The dataset is loaded using pandas, ensuring efficient handling of structured data. Key attributes 

influencing churn prediction are extracted for further analysis. 

2. Data Preprocessing: 

• Encoding: Categorical variables are tranformed into numerical representations 

using LabelEncoder to ensure compatibility with machine learning algorithms. 

• Scaling and Normalization: Appropriate scaling techniques, like Min-Max scaling, are 

implemented to ensure uniform contributions from features. 

• Handling Missing Values: Missing data points are identified using imputation strategies such as 

filling with mean or mode values. 

3. Exploratory Data Analysis (EDA): 

Visualizations generated with seaborn and matplotlib identify patterns in customer behavior, such as 

correlations between service usage and churn likelihood. Heatmaps and distribution plots help pinpoint 

significant attributes. 

4. Model Development: 

• Algorithm Selection: A RandomForestClassifier is employed due to its robustness and ability 

to handle complex feature interactions. Other ML models may also be incorporated as 

baselines. 

• Data Splitting: The datasets are split into training and testing subsets using train_test_split to 

evaluate model generalizability. 
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5. Model Evaluation: 

Metrics like accuracy, precision, recall, F1-score, and ROC-AUC are calculated using 

the classification_report and metrics modules. The performance results are visualized through confusion 

matrices and ROC curves, providing a better view of the model’s efficacy in differentiating between 

churned and retained customers. 

6. Feature Importance Analysis: 

The RF algorithm outputs the relative importance of each feature, offering actionable insights for 

customer retention strategies. 

7. Visualization of Results: 

Matplotlib and Seaborn are utilized to create intuitive plots that display the distribution of churn across 

various factors, the correlation between features, and the performance metrics of the model. 

SMS Operation 

To integrate SMS notifications into your churn prediction system, you will initially need to create a Twilio account, 

which provides you with the necessary credentials, including an Account SID, Auth Token, and a dedicated phone 

number. These credentials allows you to use Twilio's Python library to send messages to customers. 

To begin, install the Twilio Python package using pip install twilio. Once your churn prediction model generates the 

output (indicating whether a customer is likely to churn), you can use Twilio's API to send an SMS. For example, if 

the model predicts a high likelihood of churn for a particular customer, you can automatically send a message such 

as, "We’ve noticed you might be thinking about leaving. How can we assist you?" This can help in engaging with 

the customer proactively to address any potential concerns. 

To send a message, create a function utilizing the Twilio Client class, passing in your Account SID and Auth Token. 

The client.messages.create() method allows you to send the message to the customer's phone number. By integrating 

this functionality, your churn prediction model will be able to trigger immediate responses, enhancing customer 

retention efforts. You can further tailor the content of these messages based on the likelihood of churn or specific 

customer attributes, ensuring a personalized approach. 

Bellow code repesents the twilio code 

 

 
Figure 1: Twilio code

https://www.ijetrm.com/
http://ijetrm.com/


 

Vol-08 Issue 11, November -2024                                                                                         ISSN: 2456-9348 

                                                                                                                                               Impact Factor: 7.936 

 

    
International Journal of Engineering Technology Research & Management 

Published By: 

https://www.ijetrm.com/ 

 

IJETRM (http://ijetrm.com/)   [396]   

 

 

 

 

Figure 2: Accuracy of Support Vector Machine 

 

Figure 3: Data set categories. 

 

Figure 4: Impact of Different features
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Figure 5: Correlation Heatmap 

RESULTS AND DISCUSSION 

 
Figure 6: Random forest accuracy. 

 

Figure 7: Naive Bayes’s Accuracy
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Figure 8:Support Vector Machine accuracy. 

 

Figure 9: Decision tree’s accuracy. 

 
Figure 10: Home page of the front end 
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Figure 11: Churn predection page 

 
 

Figure 12: If churn, then offer is sent through this page 

 
Figure 13: Message is sent to the churned customer as the company’s wish. 
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RESULTS AND DISCUSSIONS 

The RF Classifier was utilized to predict churn, with the model trained under the training dataset and evaluated 

on  test dataset. Using 20 estimators (decision trees) and a fixed random state for reproducibility, the model 

demonstrated an impressive predictive capability. The accuracy score for the RF model on the test data was 

calculated to be 96%. 

Additionally, the detailed classification report provided information into various performance metrics. These 

included precision, recall, and F1-score for each class in the dataset. The results highlighted the model's 

effectiveness in distinguishing between churned and non-churned customers, showcasing the Random Forest's 

ability to handle classification tasks in churn prediction with some balance between high accuracy and 

interpretability. These metrics confirm that, model is well-suited for the data and performs reliably in identifying 

churn behaviour. 

 

Figure 14: Accuracy Comparison of Different Algorithms used. 
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CONCLUSION 

Predicting customer churn is essential for businesses aiming to retain some of their most valuable customers by 

pinpointing the factors that lead to attrition. This research highlights that variables such as customer tenure, contract 

types, monthly charges, and access to additional services like online security and technical support play an important 

role in influencing churn rates. By thoroughly checking these aspects, few businesses can proactively address customer 

needs with tailored strategies, including bundled services, incentives for long-term contracts, or loyalty rewards. 

The application of ML models for churn prediction has yielded encouraging outcomes, particularly when supported by 

techniques like data balancing and advanced feature engineering to improve prediction accuracy. This project 

emphasizes the critical role of strategic retention efforts in mitigating churn, as well as the transformative potential of 

data-driven insights in guiding business decisions. 

As customer preferences and behaviors evolve, organizations must continuously induce their predictive models and 

retention strategies to remain competitive. By prioritizing customer satisfaction, offering personalized solutions, and
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 predictive analytics, some companies can significantly reduce churn, enhance customer loyalty, and achieve 

sustained growth. 
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