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Objective: This study aimed to design an intelligent decision support system for identifying the
financial health and risk priority of bank customers by integrating the expert knowledge of credit
assessment professionals with ensemble deep learning models.

Methodology: This study employed an exploratory sequential mixed-methods design in two
qualitative and quantitative phases. In the qualitative phase, data were collected through 16 semi-
structured interviews with credit assessment and credit risk management experts working in
commercial and specialized banks in Tehran and were analyzed using Graneheim and Lundman’s
conventional content analysis method in MAXQDA 2022. In the quantitative phase, credit and
transaction data from 4,872 individual customer credit files of a large Iranian commercial bank
were extracted. A three-branch hybrid architecture was developed, including a bidirectional LSTM
network for modeling 12-month financial behavior trends, a fully connected network for static
credit indicators, and another fully connected network for demographic variables. The dataset was
divided into training, validation, and test sets, and model performance was assessed using ROC-
AUC, precision, recall, F1-Score, confusion matrix, and SHAP-based explainability analysis.
Findings: The proposed hybrid model achieved a mean ROC-AUC of 0.93 and a weighted F1-
Score of 0.86 on the test set. The F1-Score values for low-risk, high-risk, and critical customers
were 0.93, 0.83, and 0.76, respectively. SHAP analysis indicated that debt-to-income ratio,
installment coverage trend, and credit score collectively accounted for approximately 60% of the
model’s predictive power. Moreover, the LSTM branch alone improved predictive performance by
0.23 compared with the static baseline model.

Conclusion: Integrating tacit banking expertise with hybrid deep learning architectures can support
the development of accurate, explainable, and reliable decision support systems for diagnosing
customer financial health and improving credit risk management.

Keywords: Decision Support System; Ensemble Deep Learning; Financial Health; Credit Risk;
Bank Credit Assessment; SHAP Analysis
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EXTENDED ABSTRACT
Introduction

Credit risk remains one of the most consequential challenges in contemporary banking because the
financial health of customers directly affects asset quality, profitability, capital adequacy, liquidity
management, and the broader stability of the financial system. Banks operate as intermediaries between
savings and investment, and the deterioration of customer repayment capacity can weaken not only
individual banking institutions but also the real economy through reduced lending capacity and increased
non-performing loans (Berger et al., 2020). In this context, identifying the financial health of bank
customers is not a purely technical task; it is a strategic requirement for proactive risk governance,
sustainable credit allocation, and early intervention before customers move toward default or insolvency.
The growing complexity of banking data has increased the demand for intelligent systems capable of
integrating static credit indicators, temporal financial behavior, and customer-level patterns into actionable
risk classifications (Dastile et al., 2020; Petropoulos et al., 2020).

Traditional credit scoring models have contributed substantially to credit decision-making, but
their limitations have become increasingly visible in dynamic and data-rich banking environments. Many
conventional models rely on linear assumptions, static variables, and predefined relationships, while
customer financial behavior often follows nonlinear, time-dependent, and context-sensitive patterns. Deep
learning has therefore emerged as a promising approach in financial modeling because it can extract
hidden representations from complex, heterogeneous, and high-dimensional data (Heaton et al., 2017,
2021). In credit risk assessment, deep learning models have shown potential for improving predictive
accuracy, especially when longitudinal repayment behavior, transaction trends, and customer-level
financial trajectories are incorporated into the model architecture (Gunnarsson et al., 2021; Sadhwani et al.,
2021). Ensemble and hybrid deep learning approaches can further improve robustness by allowing
different components of the model to process different types of financial information, including time-
series behavior, static credit indicators, and demographic characteristics (Gicic & Subasi, 2023).

Despite these advantages, the operational adoption of deep learning models in banking remains
constrained by two major concerns: explainability and expert trust. Credit decisions have financial, legal,
ethical, and reputational consequences, and banking professionals are unlikely to rely on black-box
systems whose internal decision logic cannot be understood, justified, or audited. Explainable artificial
intelligence is therefore essential for responsible implementation of intelligent decision support systems
in credit assessment (Arrieta et al., 2020). In credit scoring, explainability methods can help clarify which
variables contribute most strongly to a model’s prediction and whether the model’s logic aligns with expert
judgment (Dastile & Celik, 2021). This is particularly important because banking experts often rely on tacit
knowledge accumulated through years of experience, including heuristic rules, warning signs, customer
behavior patterns, and informal prioritization strategies that are rarely documented in formal databases
(Alahmari et al., 2023). Qualitative inquiry can help elicit this implicit professional knowledge and convert
it into a conceptual foundation for model design (Graneheim & Lundman, 2004).

The need for customer-centered and behavior-sensitive banking models has also grown alongside
digital transformation. Digital banking, mobile banking applications, customer engagement platforms, and
data-driven marketing have expanded the range of behavioral information available to banks (Maziriri et



al., 2026; Shadzad et al., 2025). Customer experience, emotional branding, and behavioral patterns are
increasingly recognized as relevant to banking relationships, loyalty, and financial decision-making
(Shafiei et al., 2025; Taghipourian, 2026). Similarly, customer segmentation based on advanced clustering
and machine learning methods has shown that banks can design more precise strategies when customers
are grouped according to meaningful behavioral and financial patterns (Yan et al., 2025). However, in credit
risk management, segmentation must go beyond marketing categories and support practical risk
prioritization. Accordingly, the present study aimed to design an intelligent decision support system for
identifying the financial health and risk priority of bank customers by integrating the expert knowledge of
credit assessment professionals with ensemble deep learning models.

Methods and Materials

This study employed an exploratory sequential mixed-methods design conducted in two main
phases. The qualitative phase was implemented first to extract the tacit knowledge, decision logic, and
professional priorities of banking experts. The participants in this phase were credit assessment and credit
risk management specialists working in credit, risk, and marketing departments of commercial and
specialized banks in Tehran. Participants were selected through purposive sampling with attention to
diversity in professional experience, area of expertise, gender, and type of bank. The sample size was
determined according to theoretical saturation, which was achieved after 16 semi-structured interviews.

The qualitative data were collected using an interview guide whose content validity was confirmed
by banking experts. The interviews were conducted in a calm setting, recorded with participant consent,
transcribed verbatim, and analyzed using conventional content analysis. The coding process included open
coding, formation of subcategories, abstraction of main components, and development of a conceptual
framework for the decision support system. MAXQDA 2022 software was used to manage and analyze
the qualitative data. Credibility and dependability were supported through participant review and
independent researcher audit.

In the quantitative phase, credit and transaction data were extracted from the records of individual
customers of a large Iranian commercial bank. The final dataset included 4,872 eligible credit files selected
through purposive census. Inclusion criteria included being at least 21 years old, having at least one active
credit facility with a minimum 12-month repayment history, and having complete account information for
at least 85% of required fields. Predictor variables included demographic characteristics, 12-month time-
series indicators of financial behavior, and static credit indicators. The outcome variable was defined as
three-class customer prioritization: low-risk, high-risk, and critical.

The data were randomly divided into training, validation, and test sets in proportions of 70%, 15%,
and 15%, respectively. A three-branch hybrid architecture was developed. The first branch used a
bidirectional LSTM network to model 12-month financial behavior trends, including monthly average
account balance, transaction frequency, installment coverage ratio, and repayment delay days. The second
branch used fully connected layers to process static credit indicators, including debt-to-income ratio, credit
score, loan-to-collateral value ratio, previous default history, and number of credit inquiries. The third
branch processed demographic variables. The outputs of the three branches were merged in a fusion layer
to generate the final customer risk classification. Model training was performed using AdamW
optimization and early stopping. Model performance was evaluated using precision, recall, F1-Score,
ROC-AUC, confusion matrix, and SHAP analysis for explainability.
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Findings

The qualitative phase resulted in the extraction of 487 initial codes, 18 subcategories, and five
main components. These components were: golden indicators of credit assessment, warning signs of
financial behavior, mental algorithm for risk prioritization, barriers to credit decision-making, and
requirements for trust in artificial intelligence in banking. The qualitative findings showed that experts
considered the combination of debt-to-income ratio, installment coverage trend, and credit score to be the
core triad of credit decision-making. Participants also emphasized that a practical decision support system
should not merely classify customers into default and non-default groups, but should prioritize them into
three operational levels: low-risk, high-risk, and critical. Another important qualitative result was the
strong expert demand for traceability, interpretability, and the ability to explain the reasons behind any
model-generated decision.

In the quantitative phase, the final dataset consisted of 4,872 credit files. The training set included
3,410 cases, the validation set included 731 cases, and the test set included 731 cases. The hybrid three-
branch deep learning model was trained for 150 epochs, and the early stopping mechanism was activated
at epoch 98 to prevent overfitting. The model demonstrated strong classification performance on the test
set. The weighted average ROC-AUC was 0.93, and the weighted F1-Score was 0.86. For the low-risk
class, precision was 0.94, recall was 0.92, and F1-Score was 0.93. For the high-risk class, precision was
0.85, recall was 0.81, and F1-Score was 0.83. For the critical class, precision was 0.78, recall was 0.75,
and F1-Score was 0.76.

The explainability analysis showed that the most influential predictors for classifying customers
into the critical category were the latest debt-to-income ratio, the six-month trend of installment coverage
ratio, the minimum credit score over the previous 12 months, the number of repayment delay days in the
last three months, and the minimum average account balance over the last three months. SHAP results
indicated that debt-to-income ratio, installment coverage trend, and credit score collectively accounted for
approximately 60% of the model’s predictive power. Furthermore, the LSTM branch alone improved
predictive performance by 0.23 compared with the static baseline model. This result confirmed that
temporal financial behavior contained substantial predictive information beyond static credit indicators.

Discussion and Conclusion

The findings indicate that the proposed intelligent decision support system successfully integrated
expert-based conceptual logic with a hybrid deep learning architecture. The strong performance of the
model, reflected in the average ROC-AUC of 0.93 and weighted F1-Score of 0.86, shows that the three-
branch architecture was effective in distinguishing low-risk, high-risk, and critical customers. This three-
level prioritization is practically important because it provides banks with a more operationally useful
classification than binary default prediction. Low-risk customers can be processed with greater
confidence, high-risk customers can be monitored and supported, and critical customers can be prioritized
for urgent intervention.

The improvement created by the LSTM branch demonstrates that customer financial health is
fundamentally dynamic. Static credit indicators remain important, but they are insufficient when used
alone. The direction and speed of changes in installment coverage, account balance, repayment delay, and
transaction behavior provide early warning signals that may not be visible in cross-sectional credit files.



The results therefore support the use of temporal modeling in credit risk management and show that
behavioral trends should be treated as central inputs in intelligent banking systems.

The convergence between the qualitative and quantitative findings is one of the most important
contributions of the study. Banking experts independently emphasized the same core indicators that the
SHAP analysis later identified as the most influential predictors. This alignment suggests that the model
did not merely achieve statistical accuracy; it learned patterns that correspond to the professional reasoning
of credit experts. Such convergence strengthens the operational credibility of the proposed system and
increases its potential acceptability in real banking environments.

Overall, the study concludes that combining tacit banking expertise with hybrid deep learning
models can support the development of accurate, explainable, and trustworthy decision support systems
for diagnosing customer financial health and prioritizing credit risk. The proposed system should be
viewed not as a replacement for human experts, but as an intelligent assistant that strengthens expert
judgment, reduces manual error, increases consistency, and supports proactive credit risk management.
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