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Figure 1. Conceptual Model of the Research
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Table 1. Customer Clustering Characteristics
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Table 2. Comparative Analysis of Cluster Characteristics
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Table 3. Proposed Strategy for Each Cluster

adgs S9atp 31!

- A o sl s Slaas a5l 4y 55 a5 il led sl il Lai
Vadgs | 5055 et loslitul § banT b giluaigy b il @sS5ly ol Shals
Yasss | endal) Sleas pelaw il gl LS IS aym0 il g oleas CoinS Ssmge

alises sloog,S o Shg ;0 k298 B slacgley as ols ylis b i sbvosls (gaiady>
g paseie Sl a5 e o |y GGl pl lpae 4 s o dod 5 ololis ojls 04>
Il SO Glgeas gomasgs slapi 65 5l solitul oS g Slead dgpe g el S
O @l aesee Wl lae B8y 0y5e 0 e 5 hee sloolus i i Ll
RS i § 05 sals ool (56 e 55 w0 sl 50559 Ol ety
D9d plal ol jde Zold) olis 5]

1638 el CS 53 o HeRUN b Wosls o gay joxi-

om wleas plytie Sold) (G $lp G5B preal 350 oo )Xl 5l Al 5o
L aglye 5o s pdySllanil g Yo 60y S50 Cobl s o)l (nl 09 oo odlitul (293
el oad ol ooy Judow (gl caslin il G lgicas oahad pae sl)ls g oo soools

YAA




ule g b/ S0l 3l oolisiwl b 49 48 3l ps loas b pidio cold )  Sou sy

Jwo (52955 9 59959 Slo o b Jour
Table 4. Input and Output Variables of the Model

e g5 i gl Sloxdgs
@5l ol (40) (5 i Cenlyyd 4 Gy lojoe

(JEe) (593,9 slo yuiio

RAPREPET

(Js.v J.’>|5) Slods 6‘14 (5)“‘“““ Ja.wy cMw‘o).s oy

Sleds cpals

O-1) 28, Slons S s

OLS,E 4,25

(L) Slsl (69,05 0,25 (e

Slods 4y (g i (o yiwd (im0

(ansly) (79,5 it

G i Culs,

(=2l V=3 5 e ald Cupmdy

LL5 | aS el cows a4y Lol (358 iz oF Jsoz 55 (636 peaad <50 w5 Jlas! 51 e

Do o Gl B gz 5o b yiie colo) (lie 5699)5 o pate Lo

6B el &S50 1 cuzl yiwl (piled O Jeus
Table 5. Rules Extracted from the Fuzzy Decision Tree

O ojled Lls Ey Obabl Gl5e
) ogl VS olad coaS g Frr Zobad anje 500 2 055wl oloy ST (o2l = g tie 2uls,) 1Ay
Y ol Y2 cloas coiS 5 Ve < oloas anje 5 VY < sl oloy 51| eolli= s mie culs, AN
Y el Flobad @ cwmwd g VO S (LSS a0 ST L2l = (6t cols, YA
¥ osl Vor 90 o 2855wl glaj g Fr e 5 B Slaad digie ST lawgte = o 5de Suld JA-

SLIZAY cdo b 8o Gl cm i Conl aidlys £ Joaz 10 (658 puanad <0 Jow o

2 e oi8ly it 25 S lolid st |y (221, Ol yite s Jon oadly Cote &5 0
ol 3ls Jgd BB o Shoe 55 25,6 ol e ololis

Ol yiine Suldy 1 5108 ST b pin dunylio F oo
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Abstract

Background and Objective: Customer Relationship Management (CRM)
is an effective tool for identifying and analyzing customer needs.
Combining it with machine learning algorithms allows the development of
customer satisfaction prediction models that can predict the probability of
customer satisfaction with high accuracy. In addition to managerial
decision-making at the operational level, these models are also used in
formulating macro customer-oriented policies. The aim of this study is to
identify the main factors affecting customer satisfaction and provide a
model for predicting satisfaction levels in the automotive industry.
Methodology: This is an applied study and data related to 1200 after-sales
service customers of an automotive company was collected. After cleaning
and normalizing the data, two machine learning algorithms including fuzzy
clustering (FCM) and fuzzy decision tree (FDT) were used for analysis.
Also, the validity of the models was measured with indicators such as
accuracy, MAE, and RMSE. Findings: The results showed that customers
fall into three main clusters including “satisfied", "dissatisfied" and
"average". The variables of response time (30%) and service cost (25%) had
the greatest impact on customer satisfaction. The accuracy of the fuzzy
decision tree model was calculated to be 89% and its RMSE error was 0.12,
which indicates the optimal performance of the model. Conclusion: This
study showed that the use of machine learning algorithms, especially fuzzy
clustering and fuzzy decision tree, can help managers identify different
groups of customers, predict their satisfaction levels and develop targeted
strategies. The results of this study can be used as a practical model for
improving after-sales services in the automotive industry and other similar
industries. The use of smart technologies and customer relationship
management (CRM) systems for continuous data analysis is recommended.
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Extended Abstract:

This article examines customer satisfaction with after-sales services in the
automotive industry and predicts it using machine learning algorithms. The
study was designed with the aim of identifying the key factors affecting
customer satisfaction and providing a practical model for prediction. The
importance of the topic lies in the fact that, in today’s competitive
conditions, after-sales services not only complement the sales process but
also directly influence customer loyalty and market share retention.
Customer Relationship Management (CRM) is introduced as the main
framework of the study, which in its operational, analytical, and interactive
dimensions helps organizations manage interactions with customers.
Satisfaction with after-sales services is described as a sustainable
competitive advantage, whose positive outcomes include repeat purchases,
positive word-of-mouth advertising, and increased customer lifetime value.
In the theoretical foundations, well-known models such as Oliver’s
Expectation-Disconfirmation Theory, the Kano Model, SERVQUAL, and
the American Customer Satisfaction Index are reviewed. These models
show that customer satisfaction is a combination of functional, emotional,
and experiential factors. Moreover, the importance of after-sales services in
the automotive industry is emphasized, as customers expect fast response
times and high-quality services when problems occur. The literature review
references numerous domestic and international studies. These studies
demonstrated that data mining techniques such as clustering, decision trees,
and neural networks can identify customer behavior patterns. However, the
main research gap in this study is that very few have simultaneously applied
both Fuzzy C-Means clustering (FCM) and Fuzzy Decision Tree (FDT) in
the context of automotive after-sales services. This innovation allows the
present research to provide more accurate and comprehensive results
compared with previous studies. The methodology is applied and
quantitative, and data were collected through standardized questionnaires
and real information. The questionnaire was designed based on the
dimensions of the SERVQUAL model and its validity and reliability were
confirmed. The statistical population included 1,200 after-sales service
customers of an automotive company. Before analysis, the data were
cleaned and normalized using statistical methods and data-mining
techniques. KMO and Bartlett’s tests confirmed that the data were suitable
for further analysis. The algorithms were then implemented using
MATLAB software.
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The results of FCM clustering revealed that customers fall into three main
clusters. The first cluster included customers who experienced fast response
times, low service costs, and high service quality; this group showed the
highest level of satisfaction. The second cluster comprised customers with
long response times and high service costs, who naturally exhibited higher
dissatisfaction. The third cluster represented an average group with
moderate characteristics that could be improved with minor service
enhancements. For each cluster, specific strategies were proposed:
maintaining standards and personalized services for Cluster 1, reducing
response time through process optimization for Cluster 2, and improving
service quality and staff experience for Cluster 3.Subsequently, the FDT
algorithm was applied to predict customer satisfaction more precisely. This
algorithm provided clear and interpretable decision rules. For example, if
response time is less than 50 seconds, cost is below 400 units, and quality is
above 4, the probability of customer satisfaction is 92%. Conversely, if
response time is over 120 seconds, service cost is above 700, and quality is
below 2, the probability of dissatisfaction is 88%. Additionally, high staff
experience and easy access to services were also identified as important
factors increasing satisfaction. Results showed that the accuracy of the FDT
model was 89%, with an RMSE of 0.12, confirming the model’s reliability.
The analysis of variable importance indicated that response time (30%) and
service cost (25%) were the most influential factors. Service quality ranked
third with 20%, followed by staff experience (15%) and service accessibility
(10%). Comparing the performance of the two algorithms, FCM was found
suitable for clustering and exploratory analysis, while FDT performed better
in direct prediction of satisfaction. In the discussion and conclusion, the
article emphasizes that customer satisfaction must be managed scientifically
and systematically as a sustainable competitive advantage. In the automotive
industry, the quality of after-sales services plays a vital role in customer
loyalty. The combination of fuzzy algorithms provided more accurate and
comprehensive results than previous studies that had only used one method.
The article recommends that companies should focus on reducing response
times through automation systems, revising service costs and offering
promotional packages for loyal customers. Continuous training of staff to
improve customer experience and expanding access to service centers,
particularly in underprivileged areas, are also recommended. The use of
intelligent technologies and CRM systems for ongoing data analysis was
considered essential. For future research, it is suggested that more advanced
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algorithms such as deep neural networks or hybrid methods be applied.
Furthermore, adding new variables such as customer feedback from social
media could enrich the models. Ultimately, this study demonstrated that the
combination of FCM and FDT provides a practical and efficient framework
for analyzing and predicting customer satisfaction and helps managers
design targeted strategies and improve services. The results of this study are
practical and can be generalized to similar industries.
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