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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
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Table 4. Input and Output Variables of the Model
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Table 5. Rules Extracted from the Fuzzy Decision Tree
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Table 6. Comparison of Variables Affecting Customer Satisfaction
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Table 7. Comparison of Key Features of the Two Models
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Predicting Customer Satisfaction of After-Sales Services Using Machine Learning in
Customer Relationship Management (CRM)

Sadegh Abedil, Hooman Abai2

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.

Keywords: Machine Learning, Fuzzy Clustering, Fuzzy Decision Tree, Customer Satisfaction,
Customer Relationship Management
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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.

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
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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 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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