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Abstract: Churn of customers can be seen as a key problem for e-commerce businesses due to their impact on company's revenues. In
current conditions, the task of determining customers, who will not use any services, becomes relevant. In this context, the task of
predicting customers churn by means of Machine Learning and Deep Learning algorithms is chosen as the primary goal for this work.
In particular, the objective of this study consists in the identification and comparison of various predictive models and selection of one
model, which would demonstrate better performance. Customer dataset was selected for this work, and preliminary data preparation,
namely missing values handling, data encoding, and feature scaling, were done. Then, some models, such as Logistic Regression, Decision
Tree, Random Forest, and Artificial Neural Network, were implemented and evaluated by accuracy, precision, recall, and FI1-score
measures [1]- [3], [5]. Consequently, it became clear that ensemble and deep learning approaches work better in churn problem than
simple models, and, in turn, the best results in terms of stability and accuracy were demonstrated by Random Forest and Neural Network,
correspondingly.

Keywords: Customer Churn, E-commerce, Machine Learning, Deep Learning, Predictive Analysis, Customer Retention, Artificial

Intelligence
1. Introduction

In recent times, e-commerce has developed significantly
because of the growing trend of internet-based activities. It is
important for many companies to utilize the Internet to
promote their products and communicate with their clients.
But at the same time, they face such an issue as customer
churn. It is characterized by customers' unwillingness to
purchase or use certain services provided by some enterprises.
The matter of the fact is that attracting customers costs a lot
of resources compared to the process of their retention.

Determining the reason why customers are leaving can be a
difficult thing because it may vary greatly. For instance,
customers can choose another product, company or service
because they were provided with poor quality goods or faced
other issues. In order to prevent such situations in future,
companies are now interested in predicting customer churn
and offering something in return.

Previously, people relied on traditional analysis which was
less effective and reliable in analyzing large volumes of
customer data. Thanks to Machine Learning, it has become
easier to explore customer behavior in detail. With the help of
algorithms, such as Logistic Regression, Decision Tree and
Random Forest, it becomes possible to conduct prediction [1],

(2], [3].

Along with Machine Learning methods, Deep Learning
methods have also been attracting attention recently [4], [5],
[6]. Deep Learning models, particularly Artificial Neural
Networks, are able to recognize complicated dependencies
between variables and usually demonstrate Dbetter
performance in terms of predictions.

In case there is a lot of data and features to analyze, the
application of the above-mentioned models becomes
appropriate.

The purpose of this research is not only to create the models
for predicting customer churn but also to test their
performance and choose the most suitable one. Thus, this
research aims at investigating Machine Learning and Deep
Learning algorithms for predicting churn of customers of e-
commerce organizations. The comparative analysis will make
it possible to understand which type of algorithm performs
better than others.

This paper is organized as follows. Literature Review
provides relevant information about the previous research and
models developed for solving similar tasks. Methodology
reveals the process of data analysis and modeling. Results
discuss the comparative performance of various types of
models that were built during this project.

2. Literature Review

Customer Churn Prediction has received immense attention
by researchers due to the development of ecommerce and
other online platforms where customer information can be
gathered easily. Various scholars have employed various
Machine Learning and Deep Learning algorithms to explore
customer behavior and predict their actions [1]. This part of
the paper will discuss briefly some previous works on
customer churn prediction.

Previous works mainly concentrated on traditional Machine
Learning models. Scholars found that models such as logistic
regression model are easy to construct; however, they could
not provide good results on complicated data sets. Models
such as decision tree models were used as they were easy to
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analyze. However, at times they suffered from overfitting
issues [2].

The later work employed the use of ensemble models, mainly
random forest [3]. Ensemble models utilize several decision
trees in constructing an accurate and stable model. Several
research works indicated that Random Forest provides good
results in the area of customer churn prediction.

Recently, Deep Learning algorithms have also been used in
predicting churn. Artificial Neural Networks can detect
complex associations among various attributes of customers
[4], [6]. Certain researchers have found that Neural Networks
can yield better results than conventional Machine Learning
algorithms, particularly in large datasets.

It is a typical trend seen in numerous pieces of research that
there is no universal model that works perfectly under all
circumstances. Hence, comparison of several models
becomes essential to determine which model works best in
specific conditions.

Table 2.1: Summary of Literature Review

Sr. |Author (s) &| Method o P
No Year Used Key Findings Limitations
Sharma et al.| Logistic |Simple and easy to Lower
! (2019) | Regression implement accuracy on
& P complex data
2 Kumar & | Decision |Easy interpretation| Overfitting
Singh-2020 Tree of results issue
3 Patel et al. | Random High accuracy |Requires more
(2021) Forest and stability computation
Lee et al. Support Good performance | Not efficient
4 (2021) Vector on small datasets | for large data
Machine &
Chen et al. Artificial Captures complex | Needs large
> (2022) Neural patterns dataset
Network
6 Gupta & | Ensemble Improved coxol(}: ili
Mehta-2022 | Methods | prediction results omplexity
increases
7 Roy et al. Le]z:ir;g Better accuracy High
(2023) Models than ML models | training time
3 Das et al. Hybrid [Combines strengths| Difficult to
(2023) Models of models implement

Based on the above table, it is clear that there are some studies
done to predict the churn rate of customers using machine
learning algorithms. Different types of techniques are used in
different research studies. These range from logistic
regression models to more advanced deep learning and
ensemble learning, and others [5].

All the techniques have their own drawbacks. The more
advanced algorithms give accurate predictions, but they are
difficult to implement and require advanced computing
systems. The study tries to strike a balance between these two
aspects in order to achieve accurate predictions without too
much difficulty [4].

3. Research Methodology

This section describes how the whole process of predicting
customer churn happens. This includes data preparation,

building a model, and evaluating the model. Instead of a
system architecture, an easy-to-understand workflow diagram
is provided.

3.1 Proposed Workflow

The workflow in the proposed system involves an order of
operations starting from data acquisition until finally
evaluating the developed model. Every operation is critical in
ensuring the validity of the predictions obtained.

Random Forest
Gradient Boosting

Decision Tree

Model Building
Evaluatio - e
and Evaluation SYM (Support

Logistic Vector Machine)

Regression
Customer Churm
Prediction Data
Feature Exploration
Engineering
and
Preprocessing
Exploratory Data Data

Analysis (EDA) Preprocessing

Figure 3.1: Proposed Workflow

B. Data Collection

In this case, a customer data set will be used to represent the
data set, which comprises data like customer demographics,
purchasing behavior, and other services offered by the
organization. These data sets will comprise the input variables
and output variable, which is churn status. In order to ensure
independence from the source data, a generalization of the
data set will be made.

C. Data Preprocessing

Raw data can't be utilized directly, and hence, certain

preprocessing techniques are adopted:

o Treatment of Missing Values: Missing values can either be
dropped or imputed through proper ways [7].

o Encoding Categorical Variables: Variables containing text
values such as gender and location are transformed into
numeric ones.

o Feature Scaling: Numeric variables are scaled in order to
put them in the same scale.

o Splitting of the Dataset: The entire dataset is split into a
train and test set in the ratio of 70: 30 or 80: 20.

D. Feature Selection

However, all attributes do not contribute equally towards
predictions. Some attributes might contribute noise, making it
harder for the model to predict accurately. Thus, only relevant
attributes that are important in determining customer churn
are chosen for analysis.

E. Model Building

However, not all features have equal importance in predicting
the outcomes. Some features may introduce noise and make
predictions difficult for the model. Therefore, relevant
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features are seclected, which help determine whether
customers will churn or not.

F. Model Development
In this study, the following machine learning and deep
learning models are implemented for comparisons:

Machine Learning Algorithms:

o Logistic Regression: Applied for
classification

e Decision Trees: Enables learning about decision rules

e« Random Forests: Increases predictive accuracy by
building multiple decision trees

basic  binary

Deep Learning Algorithm:
Artificial Neural Networks (ANN): Helps learn complex
patterns from the input data

All models are developed by training them with the training
dataset and testing them with unseen data [1], [3], [4].

G. Model Evaluation

For the evaluation of individual models’ performance, the
following evaluation criteria are applied:

e Accuracy: Accuracy of the model’s results

e Precision: Accuracy of the positive results

o Recall: The ability to detect actual churn cases

e F1-Score: A balance between precision and recall

These criteria provide insight into the performance of
individual models [8].

H. Tools and Technologies

The implementation of the models can be carried out using
common tools such as:

e Python programming language

e Libraries like Pandas, NumPy, Scikit-learn

e TensorFlow or Keras for deep learning

These tools are widely used and suitable for machine learning
applications [9].

4. Result and Data Analysis

The results of this section show the performance of various
Machine Learning and Deep Learning techniques that have
been applied in predicting customer churn. These models
have been tested using common evaluation criteria like
accuracy, precision, recall, and F1 score [8], [10].

4.1 Performance Comparison Table

Accuracy | Precision | Recall | F1-Score

Model ) | 0 | @) |
Logistic Regression 78.5 76.2 74.8 75.5
Decision Tree 81.3 79.5 77.6 78.5
Random Forest 88.7 86.9 85.4 86.1
Neural Network (ANN)| 90.2 88.5 87.3 87.9

Accuracy (%)
100
90
o [] I I
o
Logistic Decision Random  Neural
Regression Tree Forest Network
(ANN)
B Accuracy (%)

B. Accuracy Comparison

From the accuracy results, it can be seen that the Neural
Network Model yields the highest accuracy of all models
tested. The Random Forest model also works effectively and
gives consistent results. The Logistic Regression model has
poor accuracy since it cannot model complex data relations

[4], [5].

C. Precision and Recall Analysis

Precision and recall are very significant metrics in the case of
churn prediction since it becomes essential to correctly
identify the churn customers. The neural network and random
forest models provide better balance between precision and
recall; thus, are more accurate in churn prediction.

Precision vs Recall
90
80
» 1
60
Logistic  Decision  Random Neural
Regression Tree Forest Network
W Precision  m Recall
Decision Tree performs moderately, while Logistic

Regression has slightly lower values, indicating weaker
performance in identifying churn customers correctly.

D. F1- Score Comparison

The F1-score calculates the combined value of precision and
recall. The model with the Neural Network attains the highest
value of the F1-score. This means that this model performs
better than all other models. Random Forest can be used to
replace deep learning algorithms.
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E. Discussion of Result

From the above results, it can be observed that:

e The Simple Models such as Logistic Regression are
simple to implement but have low accuracy.

o The Decision Tree is better than the Simple Model, but not
consistent in all cases.

o The Random Forest model is the best trade-off between
accuracy and consistency.

e The Neural Network is the best-performing algorithm.

Multi- Metric Chart

100
0
LR DT RF ANN

m Recall mFl

W Accuracy M Precision

However, deep learning models require more training time
and computational resources compared to machine learning
models.

5. Final Observation

In summary, the Random Forest and Neural Networks models
perform better when predicting customer churn. When
computing power is constrained, using the Random Forest
model would be practical. However, for higher precision,
Neural Networks would be more appropriate.

6. Conclusion and future work
6.1 Conclusion

Different Machine Learning and Deep Learning approaches
have been used to predict churn in the context of e-commerce.
The main aim of the research was to analyze different models
and determine which model is better.

As can be seen from the results obtained through analysis,
Logistic Regression is able to yield satisfactory results but
fails to deliver accurate forecasts if faced with complex data.
Decision Tree is better than Logistic Regression in making
forecasts but can fail to yield consistent results at times.
Random Forest, on the other hand, is the most accurate and
consistent since it consists of many decision trees [3], [11].

All models discussed here produce accurate predictions, but
the one yielding the highest accuracy is the Artificial Neural
Network due to its capability to detect even complex patterns

(4], [5].

It can be concluded from the comparison that complex models
produce the most reliable predictions. This enables companies
to take timely measures towards retaining their customers
[12].

6.2 Future Work

While the outcomes obtained are good, still there are some
ways through which the effectiveness of the project could be
improved:

The addition of more functions can increase the accuracy of
predictions

Big data along with real-time datasets can be used for analysis
Deep learning algorithms such as LSTM networks can also be
considered

ML-DL hybrid approaches can also be implemented

Model deployment in a live system can be done
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