Print ISSN: 2008-5907

@ Journal of Business Management

Online ISSN: 2423-5091

Artificial Neural Networks in E-Commerce Customer
Lifetime Value Prediction: The Role of Key Performance
Indicators of Customer Satisfaction

Mohammad Faryabi *

*Corresponding Author, Associate Prof., Department of Management, Faculty of
Economics and Management, Tabriz  University, Tabriz, Iran. E-mail:
faryabi@tabrizu.ac.ir

Vahid Norouzi
PhD. Candidate, Department of Strategic Management, Faculty of Economics and
Management, Tabriz University, Tabriz, Iran. E-mail: v.norouzi@tabrizu.ac.ir

Abstract

Objective

The rapid advancement of machine learning has enabled innovative applications across
various business domains. This research explores the potential of neural networks to
enhance customer relationship management by accurately predicting Customer Lifetime
Value (CLV). By leveraging key performance indicators, including Net Promoter Score
(NPS) and Customer Effort Score (CES), as input features, a neural network model is
developed. This model aims to establish a predictive relationship between these metrics
and CLV, providing valuable insights for businesses to optimize customer retention and
revenue generation strategies. The proposed approach offers a scalable and customizable
solution, enabling organizations to tailor the model to their specific needs and leverage
the power of Al to drive data-driven decision-making.

Methodology

The data were collected in 2023 from customers of an Iranian e-commerce platform,
while ensuring the security of customer privacy and business-competitive confidentiality.
The dataset includes 8,000 customer profiles with variables such as Customer Lifetime
Value (CLV), Promoter Score (PS), Customer Effort Score (CES), and unique 16-digit
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customer identifiers. The model is a sequential neural network with dense and regularized
layers, optimized through hyperparameter tuning. The model’s performance is evaluated
on a 10% test set and a 10% validation set, using metrics such as Mean Absolute Error
(MAE), R2 (coefficient of determination), and other criteria. Additionally, the
performance of the artificial neural network model is compared with two baseline
models: linear regression and a decision tree. Cross-validation is employed for model
validation. Finally, the model is interpreted using SHAP and PFI methods, analyzing the
importance of each variable in explaining Customer Lifetime Value.

Findings

The results indicate that the artificial neural network model, with 2 input neurons in the
first layer, 5 hidden neurons in the second layer, 7 hidden neurons in the third layer, and 1
output neuron, effectively captures the complex and nonlinear relationships between
Promoter Score (PS), Customer Effort Score (CES), and Customer Lifetime Value
(CLV). The model achieves a coefficient of determination (R?) of 0.934 and a Mean
Absolute Error (MAE) of 142.47, alongside several other performance metrics. The stable
performance without overfitting, as validated through 10-fold cross-validation over 10
rounds, with an early stopping point around the fifth epoch, highlights the model's
generalization capability. This allows for robust prediction of Customer Lifetime Value
based on PS and CES. The model's ability to capture nonlinear relationships in the data
outperforms baseline models (linear regression and decision tree), demonstrating the
strength of the neural network. Furthermore, it was revealed that PS explains more
variance in CLV than CES does.

Conclusion

This study demonstrated how effectively artificial neural networks can identify hidden
patterns within key performance indicators. It highlights the capability of artificial neural
networks to predict Customer Lifetime Value (CLV) in e-commerce, enabling the
prediction of CLV using Promoter Score (PS) and Customer Effort Score (CES), along
with facilitating precise customer segmentation, resource allocation, and strategic growth.
Future research could improve CLV prediction by exploring additional datasets and
extending the model, as well as investigating the potential of other machine learning
algorithms.

Keywords: Artificial neural network, Customer lifetime value, Promoter score, Customer effort score.
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3. Ardelet & Benavent
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1. Ordinal Encoding

2. Keras Sequential API

3. Rectified Linear Unit (ReLU)
4. ElasticNet
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1. Mean Squared Error Loss Function
2. Adam

3. Stochastic Gradient Descent

4. Adaptive Moment Estimation

5. RMSProp

6. AdaGrad
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. Overfitting

. Callbacks

. Early Stopping

. Validation Loss

. Reduce learning rate when a metric has stopped improving (ReduceLROnPlateau)
. Model Checkpoint

. Lasso

. Ridge

e B R e



AU 85939 9 LB | s Gl gl yos Job (155 (e 53 (Sgmas (omas (LS

14 14
. 1 n P )
Ming, g %Eiﬂ()’i —fo - ijlxi,-ﬁ,) Y B+ 2y (8 () e,
=1 j=1

g ol pli 4903 (gl Cun yusie S Yy puiie 03 o LS |y I Shg 2las P g ladiges sl N o] p3 &S
Easses sl (Shy B)) 833l X 9 29800 03> LS fj b (Shg o culpl sl (6550, ks By
S oo JRS ) gy Ao e Ap oS o > S (o JyuS) g Aoy e Ay el pogdle

l Jie resd Slgs o0 45 WS o @l )8 |y clpd GRalS g I Sy 295 Qb (Sl (o8 5 3,509,
095 & M5 Ad5e dgute (s pSain ysbts a Sy Jl shegema b (Shg m & s ) i A 5 xSl
w210 )S 0Ll Jas j5 o SVl eolasiwl polde 4

1 5 Gl o3l gy 4 0335 exlii] € 0kl g gD Boed il b yial bl s cawlio olie 8l 4l
SNyl 50 (ile (6530 sl is 53 Lo el )bl b (gilwaings sl s3I ik & (Jb e
(BT (52 g S o ocial | la el b ) s @l 5 ples JolS poboay oS € gl (592 9Cund
ey o @i Sy Slg e )l S Coje S 080 (nl WS (o Sl (Bolad psboas |y S
do ool 51 b (Sl panass L S o il el (sl Cogllasl blie b)) (gl 1) ploj 05 8T azs
L eladis o5l jobany 5 08 RS el po (sl 1) polie ) lo S il Wil o (B3l g5z 90
e oplyogde a8 IS8T g 488 01,06 Soilatans sl3)Sog) bawg sl (Soo o5 |y Yl 5 Slae
)y ol g 29-die sitieliie Y olul L (slalad ) (gsday g Cunl ol (ol (g2 g (giluodly ¢ Sl
A8 Gloj Ly st g Slules ailis & o oagts i35 oo a5 Jo 3,8kas 3900 (sl i) (53
Cl (glaliusg ble 6650k o 2 48 e Sldllas (gl g)nlil fusl 00t Sy asd ey (5 ymelyl,3 (glad
Foo oy (Blal ggrgcme dadlas (pl )3 3980 dnog el s (8L 09l (nl (gt pde melie (8l
2 29 ploxl 925 ik 4 by iel )l S (385 @ulals g (o) 45 358 Jols (lisebl Bl wlas (6 el bl 3 (slas
oisel auld Jsb 53 5l Ve B0l B3I degasme S im 103 03l S5sel 0ys3 Vo gly yiSTas e cadllae oyl
59y 4t o duslme (gllas (clapbal)S ol 1093 o 5l ey S (slacyy 90 Syl 4 oyl 31 gl
Sl iy d9e 1) 395 3, 8Mas 93,0 0l S poboay b amd oo ol o 4y 090 si (sl (Bj9e] g e
o ot Ldid &y Sjg0] slaodls 45 amd o Ui (tl Db se o3l S50l Jsbo 3 ¥V e I s ol
Al |y Laca b S o oiby lo; SO ja ) ded & Jdo cpl Gl dg0d VY Jols pliS™ 12 oS W44 o

O DO YY gl o3ll 51 edlaiwl S o Slwyieyds diwd jwliyw jo lad Sl bl 1yl yje 9 A8 0

1. Random Search
2. Grid Search

3. Epochs

4. Batch Size
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* 2 inputswith 2 input neurons
» Thefirst hidden layer

o 5neuronsand ElasticNet (0.2, 0.2) and actuator (ReLU)
* Second hidden layer

0 7neuronsand ElasticNet (0.2, 0.2) and actuator (RelL U)
* 1 output with 1 output neurons

Model Architecture

Optimization Adam
Loss Function Mean Squared Error (MSE)
Early Stopping Monitor = val_loss, Patience = 5

L earning Rate Reduction Monitor = val loss, Factor = 0.5, Patience = 5, Min_delta = 0.0001

Model Checkpoint Monitor = val_loss, Save_Best_Only = True, Mode = min
Training Parameters Epochs = 10, Batch_Size = 32
e  Train Data Size of Original Data = 90%
i~ e  Test Data Size of Original Data = 10%
Data Splitting e  Train Data Size of Train Data = 90%
e  Validation Data Size of Train Data = 10%
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1. K-Fold Cross Validation
2. Mean Absolute Error
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