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Abstract:

The objective of this study was to develop a comprehensive hybrid mathematical model for risk-based performance
evaluation in bank branches using integrated fuzzy DEMATEL, ANP, and VIKOR methods. This applied study used a multi-
criteria decision-making approach. The statistical population consisted of 460 employees of Sepah Bank in the Qazvin region,
selected through purposive expert sampling. Data were collected using three field-based questionnaires: fuzzy DEMATEL to
identify causal relationships among the extended Balanced Scorecard perspectives, fuzzy ANP to calculate the relative weights
of the performance indicators, and fuzzy VIKOR for ranking the bank branches. After extracting candidate indicators from
recent scientific literature, expert validation was conducted, and final indicators were incorporated into the hybrid evaluation
model. MATLAB, Excel, and SPSS were used for computational procedures across various stages of the analysis. The DEMATEL
results indicated that the sustainability perspective—particularly environmental-related risks—functions as a causal and
influential dimension affecting other performance perspectives. Financial risk and customer-related risk emerged as the most
influenced perspectives, while process, learning, and sustainability indicators were identified as the major influencing factors.
Among the sub-indicators, interest-rate risk received the highest importance weight. Four sustainability-related risks were
validated: excessive consumption of materials, excessive energy use, generation of banking service residues, and inadequate
provision of electronic services. The proposed hybrid model successfully integrated qualitative and quantitative indicators to
evaluate the effects of financial, operational, behavioral, and sustainability-related risks on bank branch performance. The
model provides a structured and comprehensive framework for improving risk-aware decision-making and enhancing
sustainable performance in banking institutions.
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Extended Abstract

Introduction

Credit risk remains one of the most critical challenges in modern banking systems, particularly within economies
characterized by structural fluctuations, regulatory complexities, and heightened exposure to macroeconomic volatility. The
growing interdependence of financial markets, expansion of customer portfolios, and rapid technological transformations
have increased the need for banks to adopt robust and scientifically grounded risk evaluation frameworks. As highlighted in
global research, credit risk assessment is deeply shaped by macroeconomic conditions, the quality of internal banking
processes, and the evolution of financial technologies. For instance, studies such as (Aniran et al., 2025) demonstrated that
credit risk fluctuates in response to economic growth patterns and financial development cycles, suggesting that the
determinants of risk extend beyond the internal operations of banks. Similarly, literature reviews like (Naili & Lahrichi, 2022)
identified a wide range of bank-specific and macro-level indicators that systematically influence credit risk, underscoring the
necessity for multidimensional analytical approaches.

In the Iranian context, this complexity is amplified by unique institutional structures and regulatory constraints. Research
such as (Rostami et al., 2018) has shown that Iranian commercial banks are significantly influenced by both bank-specific
characteristics and broader economic variables, making the adoption of hybrid and data-driven models essential for accurate
credit risk forecasting. Outside Iran, investigations in the Gulf region, including (Alandejani & Asutay, 2017), revealed that the
structural differences between Islamic and conventional banking systems lead to distinct credit risk patterns, further
supporting the view that contextualized models are indispensable for evaluating risk effectively. The global rise in
sustainability concerns has also brought attention to environmental and operational risks. For example, studies such as
(Omidvar et al., 2015) and (Za'eri & Ramezani, 2011) demonstrated that ignoring sustainability-related factors in operational
settings elevates both supply chain and organizational risk, a finding that is increasingly relevant to the banking sector, which
faces new pressures to adopt green and responsible practices.

Parallel to these structural issues, technological advancements have reshaped credit risk management. Machine learning
and explainable artificial intelligence (XAl) are increasingly recognized as tools that enhance the accuracy and interpretability
of risk models. Research such as (Zhang et al., 2021) and (Bussmann et al., 2020) emphasizes that Al-based approaches can
detect hidden patterns in credit behavior and provide transparent rationales for risk assessments, making them suitable for
high-stakes decision-making in banking. Complementing this, blockchain innovations—as noted by (Mutamimah et al,,
2024)—have introduced new opportunities to improve transaction transparency, reduce fraud, and strengthen credit
monitoring mechanisms. Moreover, macroeconomic analyses such as (Arintoko et al., 2024) reveal that factors including
inflation, GDP growth, and interest rate movements shape credit risk trajectories across ASEAN economies, findings that align
closely with the dynamics observed in Iranian banks.

Another important dimension concerns capital adequacy and ownership structures. Research such as (Roshan &
Khodarahmi, 2024) and its follow-up (Rowshan et al., 2025) demonstrated that bank size and ownership structure significantly
influence credit risk exposure, particularly among publicly listed Iranian banks. These findings reinforce the need to integrate
structural variables into risk evaluation frameworks. Additionally, comprehensive modelling efforts like (Sagafi et al., 2017)
show that multidimensional and interconnected risk factors—credit, operational, managerial, and systemic—must be

analyzed holistically to fully understand the risk landscape of Iranian banks. Complementary perspectives, including (Elahi et
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al., 2023) and (Zakerinia & Majidi, 2022), provide evidence that Iranian banks require updated analytical approaches capable
of integrating soft indicators, expert judgment, fuzzy environments, and sustainability considerations into credit risk models.

Taken together, these studies reveal a consistent conclusion: credit risk cannot be effectively evaluated through single-
dimension metrics, as risk arises from the interplay of customer behavior, financial conditions, organizational processes,
environmental sustainability, and technological infrastructure. The current study builds upon these insights by developing a
comprehensive hybrid evaluation model that incorporates financial, operational, environmental, and customer-related risk
indicators using DEMATEL, ANP, and VIKOR techniques. By integrating these methods into a unified framework, the study
aims to reveal causal relationships, calculate the relative importance of risk indicators, and generate a performance-based
ranking of banking branches.

Methods and Materials

This research adopted an applied and mixed-method framework using multi-criteria decision-making (MCDM) techniques
to analyze risk-based performance in banking branches. The statistical population consisted of 460 employees of Sepah Bank
in the Qazvin region, including both branch-level and headquarters personnel. A purposive expert sampling method was used
to select participants with relevant knowledge and experience in credit risk, operational processes, and sustainability
management.

Data collection was completed using three structured questionnaires corresponding to the DEMATEL, ANP, and VIKOR
methods. The DEMATEL questionnaire assessed causal relationships among risk categories, the ANP instrument measured
pairwise comparisons to compute indicator weights, and the VIKOR questionnaire evaluated branch performance in relation
to the identified risk indicators. Fuzzy logic was applied throughout the modelling process to accommodate uncertainty and
subjectivity inherent in expert evaluations. MATLAB and Excel were used for computational steps in DEMATEL and ANP, while
SPSS was utilized to validate questionnaire reliability. After completing the data collection process, integrated MCDM
procedures were applied to extract causal structures, indicator weights, and final branch rankings.

Findings

The DEMATEL analysis revealed that the sustainability perspective acted as a causal dimension influencing other risk areas.
Sustainability-related indicators—including excessive use of materials, excessive energy consumption, generation of banking
service residues, and insufficient electronic service delivery—demonstrated strong causal influence on financial and
customer-related risks. In contrast, financial risk and customer risk emerged as the most affected or dependent dimensions
in the overall model. These findings indicated that environmental and operational inefficiencies amplify financial and
customer-behavior risks across the banking network.

ANP results confirmed that the “interest rate risk” sub-indicator carried the highest weight among all financial and non-
financial indicators, marking it as the most influential factor in the evaluation framework. Other highly weighted indicators
included customer-service quality, alignment of service delivery with customer expectations, and operational process
reliability. The process and learning perspectives, along with sustainability, collectively exerted the greatest influence on risk
generation patterns.

The final stage of the analysis, using VIKOR, produced a comprehensive ranking of the evaluated branches. Branches with
strong digital infrastructures, efficient process management, higher staff competency, and environmentally aligned

operational practices achieved significantly better performance scores. In contrast, branches facing delays in process
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execution, higher material consumption, insufficient electronic service channels, weak customer interaction, or employee
skill gaps ranked lower in the overall evaluation.

Discussion and Conclusion

The findings demonstrate that credit risk in banking organizations is not solely a financial phenomenon but is deeply
intertwined with operational efficiency, sustainability practices, customer service quality, and human resource competencies.
The identification of sustainability as a causal dimension emphasizes that environmental inefficiencies—such as high energy
consumption or lack of electronic service infrastructure—create operational burdens that ultimately increase financial and
customer-related risks. Similarly, the prominence of process-related indicators highlights the necessity for banks to optimize
internal workflows, ensure interdepartmental coordination, and minimize process delays, all of which contribute to reducing
overall credit and operational risk.

The strong influence of interest rate risk aligns with both domestic and international observations, illustrating that
fluctuations in interest rates intensify repayment challenges, influence borrower behavior, and impact liquidity conditions.
Likewise, the emphasis placed on customer-related risk confirms that the behavior, preferences, and satisfaction levels of
customers significantly affect risk exposure, as dissatisfied or poorly served customers are more likely to default or disengage
from the banking relationship.

The hierarchical ranking of branches produced by the VIKOR model further underscores the practical value of integrating
hybrid MCDM methods for comprehensive risk assessment. Branches that adopted stronger digital infrastructures,
implemented resource-efficient practices, and maintained highly skilled staff demonstrated superior performance and lower
risk levels. These outcomes reinforce the importance of investing in technology, improving training programs, and integrating
sustainability principles into everyday banking operations.

In conclusion, the study presents a coherent and holistic framework for risk-based performance evaluation by combining
DEMATEL, ANP, and VIKOR in a fuzzy environment. The hybrid model not only captures the causal interactions between
diverse risk factors but also quantifies their relative importance and translates them into actionable branch performance
rankings. The results highlight the necessity for banking institutions to expand their risk assessment scope beyond traditional
financial indicators, integrate sustainability and operational dimensions, and adopt multi-criteria analytical tools to

strengthen risk management and improve organizational performance.
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