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Abstract 
This paper provides a comprehensive review of the use of machine learning in predicting e-

customer behavior in the e-commerce sector, focusing on the last five years. Addressing the 

gap in current literature, it systematically examines the integration of machine learning 

techniques in e-commerce, particularly in relation to specific business goals and their impact 

on profitability and customer engagement. Through an extensive analysis of 21 recent peer-

reviewed papers, the study explores a range of applications including customer behavior 

prediction, churn analysis, fraud detection, and personalized recommendation systems. It delves 

into the methodologies employed, highlighting the use of advanced predictive analytics, the 

integration of machine learning with technologies like Natural Language Processing and Big 

Data analytics, and the growing emphasis on personalization. The findings reveal that machine 

learning significantly enhances the understanding and prediction of e-customer behavior, 

leading to more effective e-commerce strategies. This review not only synthesizes current 

trends and challenges but also identifies key areas for future research, particularly the 

integration of machine learning with emerging technologies and the ethical use of customer 

data. Aimed at e-commerce administrators, researchers, and practitioners, this paper offers a 

comprehensive overview of machine learning's role in e-commerce, guiding future innovations 

in this rapidly evolving field. 
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Introduction 

The advent of digital technology has 

revolutionized the way businesses 

operate, particularly in the realm of e-

commerce. In recent years, the e-

commerce sector has witnessed 

unprecedented growth, driven by 

technological advancements, and 

changing consumer behaviors. Among 

these technological advancements, 

Machine Learning (ML) has emerged as a 

pivotal tool, significantly influencing e-

commerce strategies and operations. This 

paper aims to provide a comprehensive 

review of the application of ML in 

predicting e-customer behavior within the 

e-commerce industry. 

The importance of understanding and 

predicting customer behavior in e-

commerce cannot be overstated. In an 

increasingly competitive digital 

marketplace, the ability to anticipate 

customer needs, preferences, and future 

actions is crucial for business success. 

ML, with its capability to analyze large 

datasets and uncover patterns and trends, 

offers a powerful means to achieve this 

understanding. From personalized 

product recommendations to predictive 

analytics for customer purchasing 

behavior, ML applications are 

transforming the e-commerce landscape. 

However, despite the growing importance 

of ML in e-commerce, there is a 

noticeable gap in comprehensive 

literature that systematically examines the 

various facets of this integration. 

Particularly, there is a lack of in-depth 

analysis of the most common goals of e-

commerce-related studies, the appropriate 

ML techniques for specific cases, and the 

overall impact of these technologies on 

business outcomes. This paper seeks to 

fill this gap by conducting a systematic 

literature review of recent ML initiatives 

in various e-commerce scenarios. 

The scope of this review encompasses a 

wide range of topics, including but not 

limited to, ML techniques for customer 

segmentation, prediction models for 

customer purchasing behavior, the role of 

ML in enhancing customer experience, 

and the impact of ML on e-commerce 

profitability. By examining these areas, 

the paper aims to provide a holistic 

understanding of the current state of ML 

applications in e-commerce and their 

implications for businesses and 

consumers alike. 

This paper seeks to offer a comprehensive 

overview of the role of ML in predicting 

e-customer behavior in e-commerce, 

highlighting the latest trends, 

methodologies, and outcomes. It aims to 

serve as a valuable resource for e-

commerce administrators, researchers, 

and practitioners, aiding them in 

leveraging ML technologies to drive 

innovation and strategic decision-making 

in the digital marketplace. 

II. Evolution and Impact of Machine 

Learning in E-Commerce 

The e-commerce industry has 

experienced a meteoric rise over the past 

few decades, fundamentally altering the 

landscape of retail and consumer 

behavior. This transformation has been 

largely driven by advancements in digital 

technology, with machine learning 

emerging as a key player in this evolution. 

The background section of this paper 

delves into the historical context of ML in 

e-commerce, its progression, and the 

current state of research in this field. 

2.1. Historical Context and Evolution 

The inception of e-commerce can be 

traced back to the 1990s with the advent 

of the internet, but it was not until the 

early 2000s that we began to see the 

integration of ML in this domain. 

Initially, ML applications in e-commerce 

were rudimentary, focusing primarily on 

basic predictive analytics for sales and 

customer behavior. However, as 

technology advanced, so did the 

complexity and capabilities of ML 
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models. The last decade, in particular, has 

seen a significant leap in the application 

of ML, driven by the explosion of data 

and advancements in computational 

power and algorithms. 

2.2. Machine Learning: A Catalyst in 

E-Commerce 

Machine learning has transformed from a 

niche tool to a central component in e-

commerce strategies. It has enabled 

businesses to shift from a product-centric 

approach to a customer-centric one. ML 

algorithms analyze vast amounts of data 

to uncover patterns in customer behavior, 

preferences, and purchasing habits. This 

analysis has been instrumental in 

personalizing customer experiences, 

optimizing supply chains, predicting 

market trends, and improving decision-

making processes. 

2.3. Current State of Research 

The current research landscape in ML 

applications in e-commerce is vibrant and 

diverse. Studies have explored various 

dimensions of ML, from predictive 

modeling and customer segmentation to 

fraud detection and recommendation 

systems. Despite the wealth of research, 

there remains a gap in comprehensive 

literature that systematically examines the 

integration of ML techniques in e-

commerce, particularly in relation to 

specific business goals and their impact 

on profitability and customer 

engagement. This gap is what our paper 

aims to address, providing a holistic view 

of the current state of ML applications in 

e-commerce. 

 

III. Methodology 

This section outlines the methodology 

employed in conducting a comprehensive 

literature review, focusing on the use of 

machine learning in predicting e-

customer behavior in e-commerce. Our 

approach was designed to systematically 

identify, analyze, and synthesize relevant 

research, providing a clear understanding 

of the current state and advancements in 

this field. 

3.1. Search Criteria and Databases 

Used 

The search criteria were meticulously 

developed to encompass a broad range of 

relevant keywords, including "machine 

learning," "e-commerce," "e-customers," 

"customer behavior," "predictive 

analytics," and "personalization." The 

inclusion criteria focused on studies that 

specifically addressed the application of 

ML in e-commerce, with an emphasis on 

customer behavior prediction. We 

excluded articles published before 2018 

to ensure a focus on recent advancements, 

non-English articles, non-peer-reviewed 

sources, and studies not directly related to 

ML in e-commerce. 

The literature search was conducted 

across several electronic databases, 

including Scopus, Springer, Science 

Direct, ACM Digital Library, and IEEE 

Xplore. These databases were chosen for 

their extensive coverage of technology 

and business-related research. 

3.2. Data Extraction Process 

The initial search yielded a substantial 

number of articles. These were screened 

based on the inclusion and exclusion 

criteria, resulting in a selection of 21 

papers. Each paper was thoroughly read, 

and relevant data were extracted, focusing 

on the ML techniques used, the e-

commerce goals addressed, and the 

impact on profit growth and customer 

behavior prediction. 

3.3. Analysis of Selected Papers 

The extracted data were analyzed to 

categorize the papers based on their 

primary focus, methodologies, and 

outcomes. A comparative analysis was 

also conducted to identify common 

themes, trends, and differences in the 

application of ML techniques across 

different e-commerce scenarios: 

• Analyzing Customer Behavior on 

Online Products Using Decision Tree 
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Machine Learning by Pooja Sharma and 

Sachin Kumar (2022) - This paper 

addresses the importance of online 

reviews in e-commerce and the 

prevalence of fake reviews. It emphasizes 

the challenges in predicting customer 

behavior and the necessity of selecting 

appropriate methods and strategies for 

creating consumer behavior models. The 

study focuses on machine learning 

strategies, particularly decision tree 

methods, for predicting customer 

behavior on online products. 

• On The Understanding of Customer 

Purchase Behavior: A Case Study on the 

Computer Systems E-Commerce Website 

by Tahir Enes Adak et al. (2022) - This 

study proposes a software architecture to 

understand customers' purchase behaviors 

and make binary predictions based on 

their interactions with the system. It 

utilizes machine learning algorithms to 

model complex user-system interactions. 

The paper includes the development of a 

prototype and experimental studies to 

evaluate the efficiency of the proposed 

software architecture. 

• Prediction of Customer Purchase 

Intention using Social Media Data by 

Rashmi Kale et al. (2022) - This research 

investigates the use of machine learning 

models by a prominent German apparel 

shop to predict purchases, a significant 

use case in e-commerce. The study 

provides insights into the performance 

differences of the models on sequential 

and static customer data, using three 

different algorithms. 

• A Survey on Customer Churn 

Prediction using Machine Learning and 

data mining Techniques in E-commerce 

by P. Gopal and Nazri Bin MohdNawi 

(2021) - This survey work explores the 

challenges in predicting customer attrition 

in the e-commerce sector, particularly in 

the motor insurance sector. It discusses 

various data mining techniques, including 

deep learning and machine learning 

advancements, and emphasizes the 

importance of early prediction of client 

behavior for real-time marketing. 

• Evaluative Study of Cluster Based 

Customer Churn Prediction Against 

Conventional RFM Based Churn Model 

by Harish A S, M. C (2023) - This study 

evaluates the accuracy of Machine 

Learning Models in predicting retail 

customer churn based on k-means clusters 

against actual RFM features. It aims to 

establish the reliability of using model 

results to feed another predictive model 

and its applications. 

• Customer Behavior Prediction Using 

Deep Learning Techniques for Online 

Purchasing by Nisha, A. S. Singh (2023) 

- This research focuses on understanding 

online shoppers' behavior by predicting 

their actions using deep learning 

techniques. It compares the predictive 

efficacy of deep learning with other 

supervised learning methods like 

Decision Trees, SVMs, Random Forests, 

and ANNs. 

• An Improved Machine Learning Based 

Customer Churn Prediction for Insight 

and Recommendation in E-commerce by 

Ishrat Jahan, Tahsina Farah Sanam (2022) 

- This paper develops a customer churn 

forecasting framework using machine 

learning for insight and recommendation 

in e-commerce. It involves exploratory 

data analysis, data preprocessing, model 

tuning, and comparison among different 

models. 

• Rate Insight: A Comparative Study on 

Different Machine Learning and Deep 

Learning Approaches for Product Review 

Rating Prediction in Bengali Language by 

R. Chowdhury, Farhad Uz Zaman, Arman 

Sharker, Mashfiq Rahman, F. Shah 

(2022) - This study analyzes product 

review rating prediction for Bengali text 

reviews, exploring multiple machine 

learning and deep learning models. It 

focuses on the challenges of language 
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processing and predicting review ratings 

in a non-English language. 

• Improved Customer Lifetime Value 

Prediction With Sequence-To-Sequence 

Learning and Feature-Based Models by 

Josef Bauer, D. Jannach (2021) - This 

study proposes a novel method for 

Customer Lifetime Value (CLV) 

prediction, combining deep learning with 

encoder–decoder sequence-to-sequence 

recurrent neural networks and gradient 

boosting machines (GBMs). The method 

addresses the shortcomings of standard 

methods in modeling temporal patterns 

like periodic purchasing behavior. 

Empirical evaluations show competitive 

performance, with the hybrid model 

improving accuracy by capturing 

different data patterns. 

• A Thorough Study on Product 

Recommendation by Aniket Tale, Suraj 

Patil, Snehal Lodade, Pratiksha V. 

Sonawane (2021) - This research analyzes 

works on product recommendation, 

proposing an improved system using 

Natural Language Processing and 

machine learning algorithms. The 

methodology includes preprocessing, Bag 

of Words, TF-IDF, Fuzzy Artificial 

Neural Networks, and Collaborative 

Filtering. The approach aims to provide 

effective and accurate product 

recommendations based on customer 

interests and behavior. 

• Machine Learning-Based E-

Commerce Platform Repurchase 

Customer Prediction Model by Chengju 

Liu, Tienshou Huang, Ping-Tsan Ho, Jui-

Chan Huang, Ching-Tang Hsieh (2020) - 

This paper presents a machine learning-

based model for predicting customer 

repurchase behavior in e-commerce. It 

combines linear models like logistic 

regression with nonlinear models like 

XGBoost, optimizing for better prediction 

results. The model fusion algorithm is 

used to enhance accuracy and robustness, 

proving effective in filtering features and 

simplifying model complexity. 

• On Variational Inference for User 

Modeling in Attribute-Driven 

Collaborative Filtering by Venugopal 

Mani,Ramasubramanian 

Balasubramanian, Sushant Kumar, 

Abhinav Mathur, Kannan Achan (2020) - 

This study introduces a causal inference 

approach for learning user-attribute 

affinities in e-commerce recommender 

systems. It formulates the problem as a 

Probabilistic Machine Learning issue and 

applies variational inference for model 

parameter estimation. The method 

demonstrates improved performance in 

predicting user behavior on real-world 

datasets compared to standard baseline 

methods. 

• A Data-Driven Forecasting Approach 

for Newly Launched Seasonal Products 

by Leveraging Machine-Learning 

Approaches by Majd Kharfan, Vicky 

Wing Kei Chan, Tugba Firdolas Efendigil 

(2020) - This study focuses on demand 

prediction in the fashion industry, 

leveraging machine learning to forecast 

demand for newly launched seasonal 

products. It emphasizes the challenges of 

forecasting in this sector, such as short-

selling seasons and long lead times, and 

proposes a data-driven approach to 

improve forecast accuracy. The method 

was applied by a leading fashion retail 

company, demonstrating the benefits of 

machine learning in demand prediction. 

• Customer Behavior Analysis and 

Revenue Prediction System by Rahul 

Gupta, Pranil Kamble, Vanshi Negandhi, 

Ankush Hutke (2020) - This paper 

addresses the challenge of analyzing and 

predicting online buyer behavior in e-

commerce. It uses RFM analysis to 

segment revenue-generating customers 

and applies the 80/20 rule, focusing on the 

20% of customers generating 80% of 

revenue. The study develops a model 

using Light GBM (Gradient Boosting 
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Method), a machine learning algorithm, 

to predict customer behavior and revenue. 

• Approach for Developing Business 

Statistics Using Data Web Usage Mining 

by G. Prasad, Malapati Sri Rama Lakshmi 

Reddy, Kuntam Babu Rao, C. S. Kumar 

(2020) - This paper explores web usage 

mining for predicting user browsing 

behavior in e-commerce. It proposes a 

new technique using a competitive 

learning multilayered neural network 

enhanced by the K-means clustering 

algorithm. The approach aims to improve 

learning capabilities and reduce 

computation intensity, offering insights 

for personalization, marketing strategies, 

and understanding customer preferences 

in e-commerce. 

• Research on Product Recommendation 

Based on Web Space-Time Customer 

Behavior Trajectory by Dehua Kong, 

Xing Li, Yongxia Zhao (2019) - This 

study explores a method for predicting 

customer interest points in e-commerce 

recommendations within a big data 

environment. It addresses the limitations 

of current technologies that mainly 

predict existing customer interest without 

considering the impact of multiple 

behaviors, time sequence, and timing on 

product recommendation. The paper 

proposes constructing a client web spatio-

temporal behavior hypernet model, 

encompassing customer, time, behavior, 

and interest point four-layer subnet. It 

introduces behavior influence factors and 

a prediction algorithm based on super 

edge similarity to address the impact of 

customers' multiple behaviors and timing 

on recommended products, aiming to 

improve the efficiency of 

recommendations. 

• Personalizing Product 

Recommendations using Collaborative 

Filtering in Online Retail: A Machine 

Learning Approach by Manal Loukili, F. 

Messaoudi, M. E. Ghazi (2023) - This 

paper explores the use of the Alternate 

Least Squares algorithm, a form of 

collaborative filtering, to analyze 

customers' purchase histories for 

personalized product recommendations in 

online retail. The study compares its 

performance with other machine learning 

algorithms, emphasizing its effectiveness 

in recognizing customer behavior 

patterns. 

• Demand Prediction Using Sequential 

Deep Learning Model by F. Messaoudi, 

Manal Loukili, M. E. Ghazi (2023) - This 

research presents a sequential deep 

learning model combining 1D 

convolution, bidirectional LSTM, and 

fully connected layers for sales 

prediction. The model is evaluated for its 

accuracy in forecasting sales, 

demonstrating low error rates and 

validating its effectiveness in capturing 

sequential data patterns. 

• Machine learning based recommender 

system for e-commerce by Manal Loukili, 

F. Messaoudi, M. E. Ghazi (2023) - This 

study focuses on developing a 

personalized recommender system for e-

commerce using association rules via the 

Frequent-Pattern-Growth algorithm. The 

system aims to increase customer 

engagement and purchase rates by 

tailoring recommendations to individual 

interests, demonstrating high accuracy in 

suggesting products likely to be 

purchased next. 

• Evaluative Study of Cluster-Based 

Customer Churn Prediction Against 

Conventional RFM Based Churn Model 

by Harish A S, M. C (2023) - This paper 

evaluates the accuracy of machine 

learning models in predicting retail 

customer churn. It compares k-means 

cluster-based predictions against 

traditional RFM (Recency, Frequency, 

Monetary) feature-based models. The 

study aims to establish the reliability of 

using one model's results to feed another 

predictive model, focusing on early 

prediction of customer behavior changes. 
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• E-Commerce Customer Churn 

Prediction Scheme Based on Customer 

Behaviour Using Machine Learning by P. 

Nagaraj, V. Muneeswaran, A. 

Dharanidharan, M. Aakash, K. 

Balananthanan, C. Rajkumar (2023) - 

This study focuses on customer retention 

in the telecom sector, highlighting the 

importance of predicting customer 

attrition in CRM systems. It discusses the 

challenges of customer churn in various 

industries, particularly in mobile 

telecommunications. The paper proposes 

a machine learning-based approach to 

predict customer churn, emphasizing the 

use of predictive analysis based on service 

utilization, performance, and behavioral 

patterns. 

 
Table 1: Analysis of selected papers 

No. Title Authors year Main Topic Methodology Key Findings 

1 Analyzing 

Customer 
Behavior on 

Online Products 

Using Decision 
Tree Machine 

Learning 

Pooja Sharma, 

Sachin Kumar 

2022 Online reviews 

and customer 
behavior 

Decision tree 

methods 

Importance of 

selecting 
appropriate ML 

methods for 

consumer 
behavior models 

2 On The 
Understanding of 

Customer 

Purchase 
Behavior: A Case 

Study on the 

Computer 
Systems E-

Commerce 

Website 

Tahir Enes Adak 
et al. 

2022 Customer 
purchase behavior 

ML algorithms Development of a 
prototype for 

binary predictions 

of user-system 
interactions 

3 Prediction of 

Customer 

Purchase Intention 
using Social 

Media Data 

Rashmi Kale et 

al. 

2022 Purchase 

prediction using 

social media 

ML models Performance 

differences of 

models on 
sequential and 

static customer 

data 

4 A Survey on 
Customer Churn 

Prediction using 

Machine Learning 
and data mining 

Techniques in E-

commerce 

P. Gopal, Nazri 
Bin MohdNawi 

2021 Customer attrition 
prediction 

Deep learning, ML Early prediction 
of client behavior 

for real-time 

marketing 

5 Evaluative Study 

of Cluster Based 

Customer Churn 
Prediction Against 

Conventional 

RFM Based 
Churn Model 

Harish A S, M. 

C 

2023 Retail customer 

churn prediction 

ML Models Comparing k-

means clusters 

against RFM 
features for churn 

prediction 

6 Customer 

Behavior 

Prediction Using 
Deep Learning 

Techniques for 
Online Purchasing 

Nisha, A. S. 

Singh 

2023 Online shopper 

behavior 

prediction 

Deep learning 

techniques 

Efficacy of deep 

learning vs. other 

supervised 
learning methods 

7 An Improved 

Machine Learning 

Based Customer 
Churn Prediction 

for Insight and 

Recommendation 
in E-commerce 

Ishrat Jahan, 

Tahsina Farah 

Sanam 

2022 Customer churn 

forecasting 

ML techniques Model tuning and 

comparison 

among different 
ML models 

8 Rate Insight: A 

Comparative 

Study on Different 

Machine Learning 

and Deep 
Learning 

R. Chowdhury 

et al. 

2022 Product review 

rating prediction 

ML and deep 

learning models 

Challenges of 

language 

processing in non-

English languages 
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Approaches for 

Product Review 
Rating Prediction 

in Bengali 

Language 

9 Improved 
Customer Lifetime 

Value Prediction 

With Sequence-
To-Sequence 

Learning and 

Feature-Based 
Models 

Josef Bauer, D. 
Jannach 

2
021 

Customer 
Lifetime Value 

prediction 

Deep learning, 
GBMs 

Hybrid model 
combining deep 

learning and 

GBMs 

10 A Thorough Study 

on Product 
Recommendation 

Aniket Tale et 

al. 

2

021 

Product 

recommendation 

NLP, ML 

algorithms 

Improved system 

using NLP and 
ML for product 

recommendations 

11 Machine 

Learning-Based 
E-Commerce 

Platform 

Repurchase 
Customer 

Prediction Model 

Chengju Liu et 

al. 

2

020 

Customer 

repurchase 
behavior 

prediction 

Linear and 

nonlinear models 

Model fusion 

algorithm for 
enhanced 

accuracy 

12 On Variational 
Inference for User 

Modeling in 

Attribute-Driven 
Collaborative 

Filtering 

Venugopal Mani 
et al. 

2
020 

User modeling in 
recommender 

systems 

Probabilistic ML, 
variational 

inference 

Improved 
performance in 

predicting user 

behavior 

13 A Data-Driven 
Forecasting 

Approach for 

Newly Launched 
Seasonal Products 

by Leveraging 

Machine-Learning 
Approaches 

Majd Kharfan et 
al. 

2
020 

Demand 
prediction for 

seasonal products 

ML approaches Data-driven 
approach for 

improved forecast 

accuracy 

14 Customer 

Behavior Analysis 

and Revenue 
Prediction System 

Rahul Gupta et 

al. 

2

020 

Online buyer 

behavior analysis 

Light GBM Predicting 

customer behavior 

and revenue using 
ML 

15 Approach for 

Developing 
Business Statistics 

Using Data Web 

Usage Mining 

G. Prasad et al. 2

020 

Web usage 

mining for user 
behavior 

prediction 

Neural network, 

K-means 

Technique for 

personalization 
and marketing 

strategies 

16 Research on 
Product 

Recommendation 

Based on Web 
Space-Time 

Customer 
Behavior 

Trajectory 

Dehua Kong et 
al. 

2
019 

Product 
recommendation 

in e-commerce 

Client web spatio-
temporal behavior 

model 

Predicting 
customer interest 

points considering 

multiple behaviors 
and timing 

17 Personalizing 

Product 
Recommendations 

using 

Collaborative 
Filtering in Online 

Retail: A Machine 

Learning 
Approach 

Manal Loukili et 

al. 

2

023 

Personalized 

product 
recommendations 

Collaborative 

filtering 

Effectiveness of 

ALS algorithm in 
recognizing 

customer behavior 

patterns 

18 Demand 

Prediction Using 
Sequential Deep 

Learning Model 

Fayçal 

Messaoudi et al. 

2

023 

Sales prediction Sequential deep 

learning model 

Accuracy in 

forecasting sales 
using deep 

learning 

19 Machine learning 

based 
recommender 

system for e-

commerce 

Manal Loukili et 

al. 

2

023 

Personalized 

recommender 
system 

Association rules, 

Frequent-Pattern-
Growth algorithm 

High accuracy in 

suggesting 
products likely to 

be purchased next 
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20 Evaluative Study 

of Cluster-Based 
Customer Churn 

Prediction Against 

Conventional 
RFM Based 

Churn Model 

Harish A S, M. 

C 

2

023 

Customer churn 

prediction in 
retail 

ML models Reliability of 

using one model's 
results to feed 

another predictive 

model 

21 E-Commerce 

Customer Churn 
Prediction Scheme 

Based on 

Customer 
Behaviour Using 

Machine Learning 

P. Nagaraj et al. 2

023 

Customer 

retention in 
telecom 

ML-based 

approach 

Predictive 

analysis based on 
service utilization, 

performance, and 

behavioral 
patterns 

 

 

3.4. Quality Assessment 

Each selected paper underwent a quality 

assessment to ensure the reliability and 

validity of the findings. This assessment 

considered the study's methodology, data 

sources, analysis techniques, and the 

overall contribution to the field of e-

commerce and ML. 

 
IV. Results 

This section delves into the insights gleaned 

from a meticulous review of 21 recent peer-

reviewed papers, each concentrating on the 

utilization of machine learning (ML) 

techniques in predicting e-customer 

behavior within the realm of e-commerce. 

The analysis here aims to synthesize the 

findings, spotlighting pivotal trends, 

methodological approaches, and their 

broader implications for the e-commerce 

sector. 

 

4.1.Key Trends and Observations 

The review reveals several key trends in 

the application of ML in e-commerce. 

Firstly, there is a significant emphasis on 

customer churn prediction and behavior 

analysis, as seen in papers like "Customer 

Behavior Prediction Using Deep Learning 

Techniques for Online Purchasing" and 

"E-Commerce Customer Churn 

Prediction Scheme Based on Customer 

Behavior Using Machine Learning." 

These studies underscore the growing 

need for e-commerce platforms to 

understand and anticipate customer 

actions to enhance retention and 

engagement. 

Another notable trend is the increasing 

use of deep learning techniques, as 

evidenced in studies like "Demand 

Prediction Using Sequential Deep 

Learning Model." This shift indicates a 

move towards more complex, data-

intensive approaches, leveraging the 

capabilities of deep learning to handle 

large-scale e-commerce data. 

Furthermore, there's a clear focus on 

personalization, with several papers like 

"Personalizing Product 

Recommendations using Collaborative 

Filtering in Online Retail" exploring how 

ML can tailor the shopping experience to 

individual customer preferences, thereby 

enhancing customer satisfaction and 

loyalty. 

 

4.2.Methodological Insights 

The methodological approaches in these 

papers vary widely, reflecting the diverse 

applications of ML in e-commerce. 

Techniques range from traditional 

machine learning algorithms, such as 

decision trees and logistic regression, to 

more advanced deep learning models, 

including recurrent neural networks and 

convolutional neural networks. 

A common theme across these 

methodologies is the emphasis on data 

preprocessing and feature selection, 

crucial for effective ML model 

performance. Papers like "An Improved 

Machine Learning Based Customer 

Churn Prediction for Insight and 
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Recommendation in E-commerce" 

highlight the importance of exploratory 

data analysis and model tuning for 

accurate predictions. 

Additionally, several studies demonstrate 

innovative approaches to combining 

different ML techniques, as seen in 

"Improved Customer Lifetime Value 

Prediction With Sequence-To-Sequence 

Learning and Feature-Based Models," 

which integrates deep learning with 

gradient boosting machines for enhanced 

prediction accuracy. 

 

4.3.Implications for E-Commerce 

The findings from these papers have 

significant implications for the e-

commerce industry. The ability to predict 

customer behavior accurately can lead to 

more effective marketing strategies, 

improved customer engagement, and 

increased sales. For instance, 

understanding customer churn patterns 

enables businesses to implement targeted 

retention strategies. 

Moreover, the advancement in 

personalization techniques through ML 

can transform the customer experience, 

making it more tailored and responsive to 

individual needs and preferences. This 

personalization can lead to higher 

customer satisfaction and loyalty, which 

are critical in the highly competitive e-

commerce landscape. 

Finally, the integration of advanced ML 

techniques in e-commerce platforms 

signifies a shift towards more data-driven, 

analytical approaches in business 

decision-making. This shift not only 

enhances operational efficiency but also 

provides a competitive edge in 

understanding and catering to evolving 

customer behaviors and market trends. 

 

 
Table 2: Summary of main findings and implications for e-commerce 

No. Title Main Findings Implications for E-Commerce 

1 Analyzing Customer Behavior on Online 

Products Using Decision Tree Machine 

Learning 

Emphasizes the importance of 

selecting appropriate ML 

methods for consumer behavior 
models. 

Guides in choosing effective ML strategies 

for predicting customer behavior. 

2 On The Understanding of Customer 

Purchase Behavior: A Case Study on the 
Computer Systems E-Commerce Website 

Proposes a software 

architecture for binary 
predictions of user-system 

interactions. 

Enhances understanding of customer 

interactions for improved user experience. 

3 Prediction of Customer Purchase Intention 
using Social Media Data 

Investigates performance 
differences of ML models on 

sequential and static customer 

data. 

Offers insights into effective use of social 
media data for purchase prediction. 

4 A Survey on Customer Churn Prediction 
using Machine Learning and Data Mining 

Techniques in E-commerce 

Explores challenges in 
predicting customer attrition, 

emphasizing early prediction. 

Highlights the need for proactive strategies 
in customer retention. 

5 Evaluative Study of Cluster Based 

Customer Churn Prediction Against 

Conventional RFM Based Churn Model 

Compares k-means clusters 

against RFM features for churn 

prediction. 

Suggests advanced methods for more 

accurate customer churn prediction. 

6 Customer Behavior Prediction Using Deep 

Learning Techniques for Online Purchasing 

Compares the efficacy of deep 

learning with other supervised 
learning methods. 

Demonstrates the superiority of deep 

learning in understanding online shopper 
behavior. 

7 An Improved Machine Learning Based 

Customer Churn Prediction for Insight and 
Recommendation in E-commerce 

Develops a churn forecasting 

framework using various ML 
techniques. 

Provides a comprehensive approach for 

customer churn prediction and insights. 

8 Rate Insight: A Comparative Study on 

Different Machine Learning and Deep 

Learning Approaches for Product Review 
Rating Prediction in Bengali Language 

Analyzes ML and deep 

learning models for non-

English language review 
ratings. 

Enhances understanding of customer 

reviews in diverse linguistic contexts. 

9 Improved Customer Lifetime Value 

Prediction With Sequence-To-Sequence 
Learning and Feature-Based Models 

Proposes a hybrid model 

combining deep learning and 
GBMs for CLV prediction. 

Offers a novel approach for accurate 

customer lifetime value assessment. 

0 

10 

A Thorough Study on Product 

Recommendation 

Proposes an improved system 

using NLP and ML for product 

recommendations. 

Enhances product recommendation 

accuracy based on customer interests. 
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1

11 

Machine Learning-Based E-Commerce 

Platform Repurchase Customer Prediction 
Model 

Combines linear and nonlinear 

models for customer 
repurchase behavior prediction. 

Improves accuracy in predicting customer 

repurchase tendencies. 

1 

12 

On Variational Inference for User Modeling 

in Attribute-Driven Collaborative Filtering 

Introduces a causal inference 

approach for learning user-
attribute affinities. 

Improves user modeling in recommender 

systems for better personalization. 

1

13 

A Data-Driven Forecasting Approach for 

Newly Launched Seasonal Products by 
Leveraging Machine-Learning Approaches 

Focuses on ML for demand 

prediction of seasonal 
products. 

Enhances forecasting accuracy in the 

fashion industry. 

1

14 

Customer Behavior Analysis and Revenue 

Prediction System 

Uses Light GBM for analyzing 

and predicting online buyer 

behavior. 

Aids in segmenting revenue-generating 

customers for targeted marketing. 

1

15 

Approach for Developing Business 

Statistics Using Data Web Usage Mining 

Proposes a new technique 

using neural networks and K-

means for user behavior 
prediction. 

Offers insights for personalization and 

marketing strategies in e-commerce. 

 

 

16 

Research on Product Recommendation 

Based on Web Space-Time Customer 

Behavior Trajectory 

Explores predicting customer 

interest points in e-commerce 

recommendations. 

Improves efficiency of product 

recommendations by considering multiple 

behaviors. 

1

17 

Personalizing Product Recommendations 

using Collaborative Filtering in Online 

Retail: A Machine Learning Approach 

Uses collaborative filtering for 

personalized product 

recommendations. 

Enhances customer experience through 

tailored product suggestions. 

1
18 

Demand Prediction Using Sequential Deep 
Learning Model 

Presents a sequential deep 
learning model for sales 

prediction. 

Validates effectiveness of deep learning in 
capturing sequential data patterns for sales 

forecasting. 

1
19 

Machine Learning Based Recommender 
System for E-commerce 

Develops a personalized 
recommender system using 

association rules. 

Increases customer engagement and 
purchase rates through tailored 

recommendations. 

0
20 

Evaluative Study of Cluster-Based 
Customer Churn Prediction Against 

Conventional RFM Based Churn Model 

Evaluates ML models in 
predicting retail customer 

churn. 

Suggests reliability of using model results 
for early prediction of customer behavior 

changes. 

2

21 
 

E-Commerce Customer Churn Prediction 

Scheme Based on Customer Behaviour 
Using Machine Learning 

Proposes a ML-based approach 

to predict customer churn in 
telecom CRM systems. 

Highlights the use of predictive analysis for 

customer retention in various industries. 

 

 

The review of the papers reveals that 

machine learning plays a crucial role in 

transforming e-commerce by providing 

sophisticated tools for understanding and 

predicting customer behavior. The 

diversity in applications and 

methodologies highlights the dynamic 

nature of this field. As e-commerce 

continues to evolve, the integration of ML 

will become increasingly vital in shaping 

effective and customer-centric business 

strategies. 

 

I. Conclusion 

This comprehensive review of 21 recent 

peer-reviewed papers has provided a rich 

tapestry of insights into the application of 

machine learning (ML) in predicting e-

customer behavior within the e-commerce 

domain. The findings from these papers 

underscore the significant strides made in 

leveraging ML to enhance customer 

understanding, improve predictive 

accuracy, and personalize the shopping 

experience. 

Key trends identified through this review 

include a strong focus on customer churn 

prediction, the increasing adoption of 

deep learning techniques, and a shift 

towards personalized customer 

experiences. These trends reflect the 

evolving landscape of e-commerce, 

where data-driven strategies are 

becoming increasingly crucial for 

competitive advantage. 

The methodological diversity observed 

across these studies highlights the 

adaptability and versatility of ML 

techniques. From traditional algorithms to 

advanced deep learning models, the 

application of ML in e-commerce is 

marked by innovation and continuous 

improvement. This adaptability is crucial 

in an industry characterized by rapidly 

changing consumer preferences and 

technological advancements. 
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The implications of these findings for e-

commerce are profound. The ability to 

accurately predict customer behavior can 

lead to more effective marketing 

strategies, enhanced customer 

engagement, and ultimately, increased 

sales and customer loyalty. Moreover, the 

advancements in personalization 

techniques can transform the customer 

experience, making it more tailored to 

individual needs and preferences. 

This review not only sheds light on the 

current state of ML applications in e-

commerce but also sets the stage for 

future research in this dynamic field. As 

e-commerce continues to evolve, so will 

the techniques and methodologies for 

understanding and predicting customer 

behavior. The insights gained from this 

review can guide e-commerce 

practitioners and researchers in their 

ongoing efforts to harness the power of 

ML for improved business outcomes and 

customer satisfaction. 
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