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CrossMark

This study aimed to develop and validate a model for analyzing and predicting bank
customers’ behavior using artificial intelligence. This research was basic-applied in terms
of purpose, sequential exploratory mixed-methods in terms of data type, cross-sectional in
terms of data collection time, and based on content analysis and meta-synthesis in the
qualitative phase and descriptive-survey procedures in the quantitative phase. In the
qualitative phase, the statistical population included all studies related to customer behavior
in banking systems and the factors and indicators affecting its analysis and prediction,
published in valid databases between 2000 and 2025. After screening through the PRISMA
procedure, 84 studies were selected for final analysis. Extracted concepts were classified
into components and broader dimensions. In the quantitative phase, combined data from
banking customers, along with the views of banking experts and customer-relationship
specialists, were used. A researcher-made questionnaire derived from the qualitative phase
was applied to assess the model components. Customer behavior prediction was performed
using decision tree, support vector machine, and deep learning based on Transformer
architecture. The qualitative findings led to the identification of 49 concepts, 22
components, and 12 main dimensions. The identified components included individual
characteristics, financial status, responsiveness, reliability, assurance, digital experience, in-
person experience, transparency, security, service satisfaction, value satisfaction, offer
characteristics, communications, campaign response, brand value, transaction patterns,
consumption patterns, channel preference, cooperation continuity, brand advocacy,
reduced use, and offer acceptance. In the quantitative phase, the decision tree model showed
the strongest predictive performance, with an R2 of 0.8327, MAE of 0.0421, and RMSE of
0.0532. The support vector machine model ranked second, followed by the deep learning
model, although all three algorithms demonstrated acceptable predictive capability. The
proposed model demonstrated that integrating demographic, financial, behavioral,
experiential, transactional, and marketing-related data can provide a valid basis for
analyzing and predicting bank customers’ behavior. The findings indicate that artificial
intelligence algorithms, particularly decision trees, can support banks in identifying hidden
behavioral patterns, personalizing services, reducing customer churn, improving campaign
effectiveness, and strengthening managerial decision-making in customer relationship
management.

Keywords: Customer behavior analysis, banking, artificial intelligence, decision tree,
support vector machine, deep learning
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Extended Abstract

Introduction

Customer behavior analysis has become a strategic priority in modern banking because financial
institutions increasingly compete through service personalization, predictive decision-making, digital
experience, and customer retention rather than through traditional service delivery alone. In banking,
customer behavior is shaped by a complex interaction of demographic characteristics, financial status,
perceived service quality, trust, satisfaction, digital and in-person experiences, marketing
communications, transaction patterns, channel preferences, loyalty, and purchase-related responses.
Earlier studies have shown that customer relationship management affects customer behavior and can
improve organizational performance when banks systematically identify, classify, and respond to
customer needs (Mahmoudi, 2020). Research on corporate banking customers has also demonstrated that
service climate, perceived quality, perceived value, emotions, satisfaction, attitude toward the bank, and
intention to reuse services are interrelated determinants of banking behavior (Pouya et al., 2021). With the
expansion of digital banking, artificial intelligence has created new opportunities for analyzing large-scale
behavioral data, identifying hidden patterns, and predicting future customer actions. Al-based systems can
support customer segmentation, personalized recommendations, fraud prevention, churn prediction,
campaign optimization, and strategic marketing decisions (Abrardi et al., 2022; Alizadeh et al., 2023). In
addition, Al-powered personalization in digital banking has been emphasized as a key mechanism for
improving engagement, satisfaction, retention, trust, and customer lifetime value (Ashrafuzzaman et al.,
2025). Recent studies have highlighted the role of Al in enhancing customer experience and strategic
marketing by enabling personalization, service recovery, dynamic communication, transparency, and
human-like interaction (Sahut & Laroche, 2025). In financial services, Al-powered behavior analysis has
also been linked to improved user profiling, operational efficiency, predictive accuracy, and adaptive
decision-making (Rajasekaran & Selvam, 2025). Moreover, the convergence of the Internet of Everything
and Al enables real-time customer behavior analysis by collecting and processing high-volume data from
multiple digital touchpoints (Kumar et al., 2025). In banking, deep learning approaches have been
introduced as powerful tools for predicting customer behavior and improving decision-making accuracy
(Rana, 2024), while models based on neural networks and Al algorithms have shown strong potential for
forecasting purchasing and service-use patterns (Ghorbani Ghader et al., 2024). Nevertheless, Al
implementation in banking is challenged by issues such as data quality, privacy, security, lack of technical
skills, model interpretability, and organizational readiness (Hosseini et al., 2024; Rahman et al., 2023).
Previous research also indicates that chatbots, digital interaction systems, trust, perceived value, and
online engagement contexts influence customer satisfaction and behavioral intentions (Azad et al., 2022;
Jiang et al., 2022; Perez-Vega et al., 2021). Furthermore, studies on digital marketing, customer behavioral
analysis, and predictive analytics emphasize the need for integrated models that combine behavioral
indicators, marketing data, transaction records, and Al techniques (Aneja, 2023; Anna, 2024; Bashkouh &
Mohammadkhani, 2023; Okeleke et al., 2024). In the banking system, identifying and analyzing key
behavioral factors is especially important because customer data are often fragmented across branches,
digital platforms, campaigns, and transaction systems (Mirshafiei et al., 2024). Data-mining-based models
for evaluating bank and insurance customers further show that structured analytical frameworks can
support more accurate customer evaluation and managerial decision-making (Amirhasankhani et al., 2021).
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Therefore, the present study aimed to design a model for analyzing customer behavior in banking using
artificial intelligence.

Methods and Materials:

The present study was conducted using a sequential exploratory mixed-methods design. In terms
of purpose, it was basic-applied; in terms of data type, it was qualitative-quantitative; in terms of time
horizon, it was cross-sectional; and in terms of data collection and analysis, it combined qualitative content
analysis, meta-synthesis, and descriptive-survey procedures. The qualitative phase was designed to
identify the dimensions, components, and indicators of customer behavior analysis in banking based on
previous behavior. The statistical population in this phase consisted of studies related to customer behavior
in the banking system and factors affecting its prediction, published between 2000 and 2025 in valid
scientific databases. The initial search identified 132 studies, and after applying inclusion and exclusion
criteria through a systematic screening process, 84 studies were selected for final analysis. The quality of
the selected studies was assessed using an appraisal checklist, and the agreement between evaluators was
examined using Cohen’s kappa coefficient. In the quantitative phase, expert opinions and combined
customer-related banking data were used to evaluate and validate the model. A researcher-made
questionnaire derived from the qualitative phase was used to assess the identified components. The
questionnaire was developed based on the extracted dimensions and indicators and was evaluated in terms
of content validity and internal reliability. A minimum sample size of 200 respondents was considered for
the quantitative phase. To predict customer behavior, three artificial intelligence algorithms were applied:
decision tree, support vector machine, and deep learning using Transformer architecture. The predictive
performance of the models was evaluated using coefficient of determination, mean absolute error, and
root mean square error.

Findings:

The qualitative findings led to the identification of 49 initial concepts, which were classified into
22 components and then integrated into 12 main dimensions. The main dimensions included demographic
factors, service quality, customer experience, customer trust, customer satisfaction, product/service
factors, marketing factors, transactional behavior, channel behavior, loyalty, customer churn, and
purchasing behavior. The identified components included individual characteristics, financial status,
responsiveness, reliability, assurance, digital experience, in-person experience, transparency, security,
service satisfaction, value satisfaction, offer characteristics, communications, campaign response, brand
value, transaction patterns, consumption patterns, channel preference, cooperation continuity, brand
advocacy, reduced use, and offer acceptance. These components were classified according to their data
type and role in the predictive model as either input or output variables. Input variables included
demographic, financial, service-related, experiential, trust-related, satisfaction-related, product-related,
and marketing-related indicators. Output variables included transaction patterns, consumption patterns,
channel preferences, loyalty indicators, churn-related indicators, and offer acceptance. The Cohen’s kappa
coefficient for quality assessment was 0.75, indicating an acceptable level of agreement between
evaluators. In the quantitative phase, the comparison of prediction models showed that all three algorithms
had acceptable predictive capacity. The decision tree model achieved the highest explanatory power, with
an R2 value of 0.8327, MAE of 0.0421, and RMSE of 0.0532. The support vector machine model ranked
second, with an R? value of 0.8256, MAE of 0.0431, and RMSE of 0.0544. The deep learning model using
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Transformer architecture ranked third, with an R? value of 0.8209, MAE of 0.0442, and RMSE of 0.0551.
Although the differences among the three models were relatively small, the decision tree model
demonstrated the strongest performance in predicting banking customer behavior.

Discussion and Conclusion:

The results of the study indicate that customer behavior in banking is a multidimensional
phenomenon that cannot be adequately explained through a single group of variables. The qualitative
findings confirmed that customer behavior is formed through the interaction of personal, financial,
service-related, experiential, technological, marketing, transactional, and loyalty-related factors. This
shows that banks need integrated analytical models capable of combining both perceptual indicators, such
as satisfaction, trust, perceived value, and service experience, and behavioral indicators, such as
transaction frequency, channel use, campaign response, and reduced service use. The identification of
both input and output variables also demonstrates that customer behavior analysis should move beyond
descriptive profiling and toward predictive modeling. In this regard, the proposed model provides a
structured framework for transforming dispersed customer data into interpretable and actionable
behavioral insights.

The quantitative findings showed that artificial intelligence algorithms can effectively predict
customer behavior in banking. The superior performance of the decision tree model suggests that
interpretable machine learning methods may be highly useful in banking environments, especially when
managers need not only accurate predictions but also understandable decision rules. Decision trees can
clarify how different customer characteristics and behavioral indicators contribute to predicted outcomes,
which makes them suitable for managerial decision-making, customer segmentation, churn management,
and personalized service design. The acceptable performance of the support vector machine and deep
learning models also indicates that customer behavior involves complex and potentially nonlinear
relationships among variables. However, the slightly better performance of the decision tree model
suggests that interpretability, data structure, and feature relevance may be as important as algorithmic
complexity in applied banking analytics.

Overall, the proposed model can help banks improve customer relationship management by
identifying customers at risk of churn, recognizing customers with high potential for accepting new offers,
improving campaign targeting, enhancing digital and in-person service experiences, and strengthening
loyalty-building strategies. The findings also show that effective Al-based customer behavior analysis
requires high-quality data integration, appropriate selection of behavioral indicators, and careful alignment
between technical models and managerial needs. Therefore, banks should not view artificial intelligence
merely as a technical tool, but as a strategic decision-support mechanism that links customer data, service
design, marketing planning, and long-term relationship management. The study concludes that integrating
qualitative model development with quantitative Al-based validation can provide a reliable framework for
analyzing and predicting customer behavior in the banking sector.
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