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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.
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2. Osmanski-Zenk, Ellenrieder, Mittelmeier & Klinder
3. Ardelet & Benavent

4. Lee & Jiang
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1. Ziegler, Peid & Raeside

2. Hardianto & Wijaya

3. Kristensen & Eskildsen

4. Owen
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6. Venkatesan, Bleier, Reinartz & Ravishanker
7. De Haan, Verhoef & Wiesel



ib)‘.oa:: AY b)sbc\i'i c‘:’g))b oo My

a3l peiame dgupo jl 4SS o aloml (g yiie Glulusl 5l pels 2BWD pa b (gytie 0 g 0MiiS gy
(VVY oSl VY (S g (5 50l8) 18 o ity Y guanme g o

Laosls 5l (ad jud g oty slagSll glieinl 5 (alolid )3 (3L (ablg5 (s sloaSud 503 (gm0 5
e dbul a5 ;018 YL dlel b slaosly co pie 9 b Shg 5 (60l sl Sy Kl b auas (laaSiis .55l
el 30y ol s Wl (65385 ot 9 035 2lolid jae |y edzmn 9 Glety by Wl e & it
Lodls 45 (60,150 13 0as el aily (6 ying 5, Slas odlo (Jod (gla Jio 4y Cond mas (ladSiis &S Do oo
(535500] (5l YF 100 5 golle cobuile pd) Conl (s o it el b 5513 (oL (sl Sy
BRI

Dbt Bt s ol e | (S 20 S5y s (slaeSs Sl odlitl > 55 alm il il dgg L
Solsas |y bjeel claodls slalwg g @i wdly (S8 (olagS Slolis (slyas Jao ) jd a5 conl s> )
LBy und 3y Sloe o Big0l (sladigel S )5 g bt (slaodld 9y Jho 45 395 o0 ol dltune ol 3l
S (o iy 02l Sy s pie S by ) 355 Sy Joer e sloaSad ol pogdle il
pas =l il leds Gl gl o i nl 2l 9 (95 (e Ll s plosl (455 (sl i Je
hocasgioe Slgi o0 0,5 0 ©yp0 Jho gl ol 2 (core (6)bS s S maeal S (alboje )3 ublad
Sy & ol (s e S ccpl oMo (Y+VF iplimgling g 5 Lowsgy ) Isblale 5 ugs) 2L,
b gl Cuns Hlod 4 3 Jhe bl Canydb b 4Ylel i5g0] (claodls (ST il wlus Waodls (¢ 18 g
(YoYF ol 5 551) and o &l &l lacils b

a5l 9 0led Sy dgae LS 0 b Bl Gysmdas |y e bl cpl el iy ldllas
Kz IS JeloS 5y yoe Jgo (1)) (miin C85 p e cnl (oS 5 b &)y ppely slagiagh
g SlaS iy (it ) (63 Sdes (g5 sl padld oy Laily) e pl ) (8 Slalllas (ol g8l las L
(S 3 s sl o 5 g5 M55 o <l ok sl 55 e wlSS ] 45 o Ble o et Loy, ]
lolid (2Ulgs 45 595 035 000 (2l Jde 5 bahey Sl 950t Sldlas )3 g)cnlil )5k 3529 4 cuasi
ey Ol Lol sl ol Jb (sla gy o iaielyi Sl (S ole (65650k sl andhy 35 1) (s 8 Lailg)

Caold ygmad oo sl il G gcws 8595 )0 pilo (6350L (glo Jao 5l (6350500 5 a8 Wi o LS

2lo3,S ST il opl 4 (i3l ol siaily g cul W ajle SO

1. Baguero

2. Firmansyah, Machado & Moreira
3. Asadi Ejgerdi & Kazerooni

4. Bose & Mahapatra

5. Bosma & Wittel oostuijn

6. Caton & Haas



AAY $39:9 9 P8 | e )l Gl yie yoe Jgb (153,] (Gwobe 5O (g mas (SaSd

Job 53] (b Sl st B (oovan ras el 1SS () (9,5 5 Banly ol ddllas

il Sl 3,859, cnl losd pléal (e (M sl g 007 5 Sltel (] 4 4 A8 o o3litsl (g yide yor
2 Vgans & ol Sy 2035 oo &) 35 |y 6yl § Cadlih 9 3] 0 wlyd |y Lot il (o (s e Ll
Lo a s piio I jlasiel g 0atiSag 5 sliial 2 35 53 cnlpogde L9 g0 48)S 003l (i (e (slaaSs
Sl slacydgios 4 5 oS )] ] Caontly (35,1 g o yidio 3 1 55585 sloelSas b amd o ol
sl by JLiday Geoman ik (nlerS ade wWles)S Jlod alblia jsboay 1) L jasls () & 9240

ol Y g 05> 1> cpmdle (650b (sla o (6 yndd (glp Hll g AkeT )0

o9 3 wlwimg y
)los 3 Gymde yoe Job 5] (it @l limia I G825 ey I Sled Jlages o) S5
Mg ol S (e @l (g yitie (B Slitel g 00795 kel L (oas A (sla e ) oslitnl b Sig Sl
A 5550 il eblite ot e by igmn S Bl sl e 5530 odlizal IS 1815 lsiees

ol 045 0313 sy Juadl &y 40

Eolinn i sl

U oo i3 J<—l Jao ghiael J‘—l K-FOLD

b ) 1

I - - o}
aodls Swidpe --J N ILFELLS J

boats &jla g

GARoR ) gl ) S

Losts i 310 st 3 53870 5
cloodly Jols g ol saalcwmna lpl Kool @ylos pyah 6l calllae ol 5> odlatwldyge o3l3dc gaxo

09 g (2olal Cjauody odld .ol VFY Jlo ;3 (b Av e 3550 50 (B g 255 Lo o duwlre) 436
S S 595 oy 45 03l dcgasme (slapuie iy 031> alal Av e 4 b A (g gl e \A:é) Cawd jl polde
S5 el 5 s yiio I Sl syt sme Jobo 3 e i dwlid 5] M lee 255 5n ol
Sig S Syl iy Cugh g 91 wlidl Mol e cogad oy ] cliblne (gl ooy (5yglzen
ojlal S by (slmodly sl oalisl gl it (36 (2B, 5 5)b8 sogad w5l Gliebl sl o] 252
PLo gonsy 5 O5iSe g0t |) 255 (slaodls oslital ojlel o 4ol L ol itie g b piitie p il olSg 53 o)
L5 a9 00d (5510 51 g juad JolST ysboas g (o yd BB cpal (T 08 )3 Sy 3yl 1 o0l s goome ol i 8
255 IS5 4y dng b il 3l dgme b yide SleMb] i Sl Jloisa 15 Jsb 53 4 398 Jobs el
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1. Ordina 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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1. Overfitting

2. Callbacks

3. Early Stopping

4. Validation Loss

5. Reduce learning rate when a metric has stopped improving (Reducel ROnPlateau)
6. Model Checkpoint

7. Lasso

8. Ridge
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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
L oss Function Mean Squared Error (M SE)
Early Stopping Monitor = val_loss, Patience=5

L ear ning 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 Origina Data = 90%

Data Splittin e Test Data Size of Origina Data= 10%
9 e Train Data Size of Train Data= 90%

[ ]

Validation Data Size of Train Data= 10%
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1. K-Fold Cross Validation
2. Mean Absolute Error
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