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Churn Prediction Using Machine Learning
based on E-commerce Data
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Cramer's V Correlation Heatmap for Categorical Variables
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Accuracy Precision Recall F1 Score

Logistic Regression 83.07% 83.40% 83.07% 83.06%
Decision Tree 89.90% 90.64% 89.90% 89.87%
Random Forest 91.11% 91.91% 91.11% 91.08%
Support Vector Machine 81.52% 82.69% 81.52% 81.41%
XGBoost 90.76% 91.48% 90.76% 90.74%
K-Nearest Neighbor 75.22% 75.89% 75.22% 75.12%
Naive Bayes 82.21% 82.86% 82.21% 82.16%

MLP 81.61% 82.40% 81.61% 81.54%

Random Forest7} BRE A EoA w4 3l AsS Ho ol o= 714 Agket rdlg motect vl
™, K-Nearest Neighbor= 7P @2 52 Helt

[32 10] 88 24¥ ROC =M

Receiver Operating Characteristic (ROC) Curves

True Positive Rate

Logistic Regression (AUC = 0.90)
Decision Tree (AUC = 0.90})

Random Forest {AUC = 0.99)

Support Vector Machine (AUC = 0.90)
XGBoost (AUC = 0.97)

K-Nearest Neighbor (AUC = 0.83)
Naive Bayes (AUC = 0.90)

MLP Model (AUC = 0.90)

Random

0.4 . 0.8 1.0
False Positive Rate

_18_



aSSIST Business Review &7t&: Vol.1 Iss.1

7tz w4l |y rdlo] BR A5S Aoz Yelf= ROC (Receiver Operating Characteristic) &
Hlwstelet, TJejzTe] 7y 42 EA ndlo] 25 452 Uetiiy, 34 ofgfe] HA(AUC, Area Under
o

the Curve) 32 RH9| 52 424

- AAlz olFsHA] fhe 1S olgd Aol R dSshke Hlgolth <& S°] FPR o] 0.1

oleh olgstA] gh

0] 90%s ZHIEA o
3. &+ (Random Classifier):
- A 72 E7719 Adse UEH, AR 350 59t Aselth

AUC glol 1o 7Pheas REo] 4dso] Hoju 3 248 & 7522 4 22 9uitith. AUC
Frol 0.5019H, 2Ho] 5ol 79 51 3= ou|git,

AAH o7 JHaE HH Random Forest 2Eo] AUC FF 0.992 71 =2 A2 HolH, XGBRoost
ndr =2 AUC 2H0.97)= YepdAct K-Nearest Neighbor =& Aoz vk AUC #H0.83) 02
o2 mdl=o Hlg) Adso] Yt Logistic Regression, Decision Tree, SVM, Naive Bayes, MLP =&
% AUC #Hol 0.9022 AR A2 =2l

Shot] glon, APERecalo] B WL sk Zo] Fasicl.
P 7P5Hol B WAL AT Wol AFasle], oSl SEG mERHN} U ATFOE
W olRe A Zo] Faslkh ug A SR HY FRY ofF A, olFoh %S 14
o Folely o0 T uhY ulgRL, g JRsdo] B WA FAL AE, A ol
¢ 1A 5ok Roke 2o Qg vlE 40| o AnE A@go] 1Y Faskl,
7

=
olgigt ¥ol A HH, Random Forest’} 7H§ &

H
¢
o
1
Hi
1o
2
rel
njo
(o
b
Q
ﬂ
o
)
lo
f
e
kl
1o
3!
e,
0,

2 A= = 22 aufEe] 3900 1A Al dlo]lHE &-85te] RFM(Recency Frequency
Monetary) R&x MAl=g 7|HS dgste] 2249 17 ol o & Rds /dste o 582 73l

L 27 o= =2d g

_19_



2210l 4LE P0j Glojef 7|8k DA YE BRI 0L ojF 2Y

— RFM(Recency, Frequency, Monetary) &S 7§02 o]g WS A= Aolstal theket

3 7PEE Adsle] RASKIL,

- 871 wAled Rd(zA2H o4, 24 E=, #ig ZA2E, SVM, XGBoost, KNN, 1o

5
o]%, MLP)S H|w EXA3%H A3} Random Forest &0 91.11%2] AA-&Recal)z 7P 435t

35S Bl

—

- ROC =41 B4 A3} Random Forest @] AUC #ro] 0.992 7P =7 veht o|g 1wt
Hlolg s me ek 2 o U2 RS
2. 79 dF W A
- T S, del, 1 91, 25 B, ) oo’ 5ol 1A o o=e] Fa WHar SRRIHIh

e Agsidct
- ol Fof Bd 45 SR, 55 45 B4 oF WA o o IS Y 4
o9l
4. 37 Ak
- REM H45 7|Hte g 3A4S SA I4(38.5%), St 7Fx A4(35.7%), ol A 11H(25.8%)
o Auslsdt. ol 14 159 waY A% Syl TP & ok
5. AR AAR:

|
|
2
2
rdl
(o
i
H
©
i
H
)
(o3
f
olt

o TRso] B TAL ARS] APESLL, BEF v

3T -1

r

- =
A UEL gARE SIg A4HQ) rejo] Wastet,

AgH doleflo] nFe] B4 2eel AnjBo] gEle] glol, AT A Wuiste] Ao
QIek. Eg, dlolelrt 54 71X

5780l ot

4 |
ol REgE0] o] B71AY EdEy AddE F20] WS 2E

gfsto], 1Zje] S gole FTAZIE ARl AR, 4

2~
ES
7t



aSSIST Business Review &7t&: Vol.1 Iss.1

0
ro

k)

Y

>N

, A9 (2023). “2EQl &ES Shy, 2Rl 2R, AHIRF ARYAC)He] A)ZtE SEle Fof
e—%*éEOH H)x]= 9F” e=rstgEstE]r], 2409), 547-561.

(2023). MAlEds 83 o|AMA 2] 1A P 7|RF B A AAE =, SYTisha.
, S, AfolRl, Hobg, olgh (2022). “FHAHT 7HE B8 ojAHA AR FRHe] T2
Hlfa} A" ARPFAREE] ], 27(2), 21-36.

g (2023). “22R}l AagElA AARS] BHE alo] Al wat vhE Pt At oo mlA]
FF, atelrlEetel=rAl, 24(11), 617-625.
, Yangsok Kim, ©]&4 (2017). “2eRI&gE Fajtolelg &85t AAE 24
H7|&5ts] 4 FsteEts] =24, 81-90

EAE, 53] (2023). ‘B o2 22l fRe] 584 A IAEI]E5HE] A
%ﬂ%sﬂ =523, 978-980
ZAH, G712 (2019). ‘&Y AtolE EA 3 WE sfjEl 247 J Intell Inform Syst, 25(1), 85-107.

2t

l°_4_|§‘j of
Ql

4

71:1|

Noﬁ,

O

=13
H

l‘ll‘ E

JhI

A g a+”

ri
St

M
o

5173, 3

Lok
O_u

o\
8

O &
T

Pu

Alshamsi, A. (2022). Customer churn prediction in ECommerce sector. Master’s thesis, Rochester
Institute of Technology.

Bagul, N., Berad, P., Surana, P., & Khachane, C. (2021). Retail customer churn analysis using RFM
model and k—means clustering. /nternational Journal of Engineering Research & Technology (IJERT),
10(03), 349-354.

Bergstrom, S. (2019). Customer segmentation of retail chain customers using cluster analysis. Master’s
thesis, Stockholm University.

Ho, T., Nguyen, S., Nguyen, H., Nguyen, N., Man, D.-S., & Le, T.-G. (2023). An extended REM
model for customer behaviour and demographic analysis in retail industry. Business Systems
Research, 14(1), 26-53.

Mitrovic, S., Singh, G., Baesens, B., Lemahieu, W., & De Weerdt, J. (2017). Scalable RFM-enriched
representation learning for churn prediction. 2017 International Conference on Data Science and
Advanced Analytics, 79-88.

Roy, K. K., Jaiswal, P. K., & Sinha, A. (2018). Data analytics for consumer purchasing pattern with
behavioral segmentation. 3rd International Conference on Internet of Things and Connected
Technologies (ICIoTCT).

Xu, T, Ma, Y., Ao, C, Qu, M,, & Meng, X. (2023). A novel telecom customer churn analysis
system based on RFM model and feature importance ranking. Interdisciplinary Journal of
Information, Knowledge, and Management, 18, 719-737.

Zuo, Y., Ali, A. B. M. S., & Yada, K. (2014). Consumer purchasing behavior extraction using
statistical learning theory. Procedia Computer Science, 35, 1464-1473.

_21_



=2tel £dZ 0 Hlojg 7|8k filefdE E8st O|gE O

pe}

I
0
i

Abstract

Churn Prediction Using Machine Learning
based on E—commerce Data

In Jik Lee

The main objective of this study is to accurately predict customer churn in order to improve customer retention strategies
and enhance long—term profitability for businesses.

The analysis was conducted by combining the REM (Recency, Frequency, Monetary) model with various machine
learning techniques, based on purchase data from 3,900 customers of an online retail store. The results showed that the
Random Forest model demonstrated the best predictive performance with a recall rate of 91.11%. Purchase amount, age,
customer location, review ratings, and purchased items were identified as key variables for predicting customer churn.
Notably, purchase amount emerged as the most important predictive variable, suggesting a close relationship between
customer spending levels and the likelihood of churn. To address the issue of data imbalance, undersampling and
oversampling (SMOTE) techniques were applied to improve model performance, thereby increasing the prediction
accuracy for the minority class of churning customers.

Customers were segmented into loyal customers (38.5%), medium—-value customers (35.7%), and high-risk churn
customers (25.8%) based on their RFM scores. This segmentation can help in providing special promotions or personalized
services to high—risk customer groups to reduce churn rates.

Comparing various machine learning models, Random Forest outperformed in all metrics including accuracy, precision,
recall, and F1 score, indicating its ability to capture complex customer behavior patterns effectively. Moreover, ROC curve
analysis showed an AUC value of 0.99, confirming the model’s high accuracy in distinguishing between churning and
non—churning customers.

These research findings can be valuable for online retailers in predicting customer churn and developing effective
customer retention strategies. Particularly, the high—recall model allows for early identification of customers with high
churn probability, enabling the development of tailored marketing strategies. This can lead to improved customer retention
rates and ultimately contribute to increased business profitability.

Future research should focus on applying a wider range of variables and cutting—edge algorithms to improve model
accuracy, as well as analyzing real-world business case studies to validate the model’s effectiveness. Through these efforts,
it is expected that the data—driven decision—making capabilities in the online retail industry can be further enhanced,

contributing to the development of customer—centric business strategies.

Keywords: Customer Churn Prediction, Machine Learning, E-commerce, Online Shopping, RFM Model,
Random Forest, Data Imbalance, Exploratory Data Analysis, Customer Segmentation
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