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Abstract 

The purpose of the paper is to analyze the multidimensional sustainability 

performance of deposit banks that operate in the Turkish banking industry. 

For this aim, the current research presents a novel hybrid decision-making 

model comprising of MSD, MPSI and RAWEC methodologies. In the 

developed decision-making model, the MSD and the MPSI objective 

weighting methods are utilized to assign significance weights to the 

criteria, while the RAWEC, a relatively new technique, is employed for 

banks' ranking. In order to check the robustness of the recommended 

model, various sensitivity and benchmark analyses were conducted. 

According to the findings of the study, the most important criterion in 

determining the sustainability performance of deposit banks is the total 

hours spent on employee training. Moreover, the most successful bank in 

terms of multidimensional sustainability is Garanti BBVA. Furthermore, 

sensitivity and comparison analyses prove that the integrated framework 

in this study is a powerful, reliable and useful decision tool that can be 

utilized in assessing the sustainability performance of banks. Besides, 

practical and managerial implications based on the findings of the applied 

decision-making tool are discussed. 
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1. INTRODUCTION 

Banks play a critical role as financial intermediaries not only in developed economic systems 

but also in developing economic systems. They are responsible for almost all transactions in money and 

capital markets, regardless of whether the financial system is market-oriented or bank-oriented (Shabir 

et al., 2021; Zahid et al., 2021, Işık et al., 2024). Driven by the desire to make profit, banks play an 

essential role in fulfilling the financing needs of the real sector by channeling the savings in the financial 

system to investments (Işık, 2017; Bucevska and Hadzi Misheva, 2017). The banking sector is vital for 

the economic and sustainable development of countries (Love and Rachinsk, 2015; Işık and Belke, 2017; 

Zhou et al., 2021). Its role extends beyond providing financial stability to the economy. A strong macro-

level infrastructure and a healthy banking sector are crucial for sustainable prosperity, particularly in 

times of systematic and unsystematic risks, such as credit risk (Wu and Shen, 2013). It is, therefore, 

crucial to continuously analyze the performance of banks to ensure they can emerge from any crisis with 

minimal impact. Any necessary regulations and improvements should be implemented to establish a 

solid foundation for banking operations based on empirical findings (Amile et al., 2013; Munteanu, 

2012). 

Performance assessment is a highly important topic for internal and external stakeholders in the 

banking industry. The primary aim of performance measurements is to identify the effective use of 

available resources. Given the prior works in the literature aimed at gauging the performance of the 

banking sector, it is seen that most of these studies were carried out solely depending on financial 

indicators. However, this situation causes banks to be assessed from a single dimension, or in other 

words, only from a financial perspective (McGuire et al., 1988; Ullmann, 1985). In today's global 

financial markets, evaluating bank performance in a single dimension can be misleading. Because, 

besides financial factors, there are also environmental factors that influence bank performance (Ren et 

al. 2023). Data on environmental, social and governance issues obtained from sustainability reports 

published by banks enable the evaluation of the performance of banks not only in financial terms but 

also based on non-financial ESG indicators (Ielasi et al., 2023; Meng-tao et al., 2023; Shabir et al., 

2024a; Işık, 2023). This evaluation process goes beyond financial performance and enables a more 

holistic perspective on performance (Gaur et al., 2011). Besides, as one of the most efficient institutions 

in the financial intermediation process, any deterioration in the performance of banks can have 

significant economic consequences for companies, individuals, and governments. It is therefore crucial 

to systematically analyse the sustainability of banks' performance in order to promote sustainable 

economic development (Shabir et al., 2024b). Moreover, the COVID-19 pandemic and the recent 

political and financial crises have revealed the need to regularly measure and evaluate banks’ multi-

dimensional performance (Xiazi and Shabir, 2022; Shabir et al., 2023). 

The present research aims to examine the banks’ sustainability performance according to a novel 

set of criteria covering four main dimensions, such as financial, environmental, social, and corporate 
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governance. To that end, a novel combined decision-making framework is presented in the existing 

work, which includes Modified Standard Deviation Method (MSD), Modified Preference Selection 

Index (MPSI) and Ranking of Alternatives by Criterion Weights (RAWEC) techniques. Overall, with 

the aid of the presented hybrid framework, the present research aims to respond to the given research 

questions below. 

RQ1. Why is it important to compare the performance of banks in terms of multidimensional 

performance? 

RQ2. Which criteria should be considered for multidimensional performance assessment in the 

banking industry? 

RQ3. What is the most significant variable affecting multidimensional performance in the 

banking industry? 

RQ4. Which bank in the Turkish commercial banking industry is more successful than its 

competitors in terms of multidimensional performance? 

With the aid of research questions that address gaps in the prior literature, bank executives and 

other decision makers in the banking industry can identify a practical and trustworthy methodological 

approach to analyzing in detail the multidimensional sustainability performance of banks. The novelty 

and contributions of the recommended decision-making tool can be summarized as follows: 

• The existing work presents a methodological framework and decision support system for 

addressing multidimensional performance measurement problems for decision makers in 

the field of banking.  

• The outcomes obtained from the procedures using MSD and MPSI are integrated via an 

aggregation operator to compute the optimal weights of the criteria. The weighting strategy 

pursued in existing work is utilized for the first time in the MCDM literature. 

• The RAWEC algorithm, which is a relatively novel ranking procedure, is implemented for 

the first time in the MCDM literature.  

• To investigate banks’ multidimensional performance, a case study has been carried out that 

considers 21 performance metrics derived from a combination of the CAMELS rating 

system and ESG practices. The current work is also the first to examine the 

multidimensional performance of banks through an integrated decision framework. 

• Managerial implications for industry-linked decision-makers are provided to improve the 

multidimensional performance of the banking industry and build a sustainable banking 

system. 

• In order to test the validity of the suggested decision-making model, a thorough sensitivity 

and benchmarking study has been carried out. 
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The following sections are organized as follows: Section two provides a comprehensive 

literature review and explains how the study will fill gaps in the literature. The paper discusses the 

suggested MCDM tools from a theoretical perspective in the third section. The case study is presented 

in section four, followed by the outcomes of the suggested framework for multidimensional performance 

assessment for banks in section five. Section six presents sensitivity analyzes and related validation 

analyses, while section seven discusses practical and managerial implications. The final section 

summarizes the achieved outcomes and provides recommendations for future work. 

2. RESEARCH BACKGROUND 

This section is divided into two subsections. In the first subsection, background information is 

given by summarizing banking studies using MCDM models. In the second subsection, research gaps 

that form the basis for the purpose and motivation of the current study are presented. 

2.1. MCDM Studies in the Banking Industry 

Since banks are an indispensable part of a sustainable economic system, the number of studies 

gauging bank performance from different aspects employing MCDM approaches continues to increase 

rapidly. A brief summary of some studies in the existing literature is presented below to provide 

background information. 

Havrylchyk (2006) used the DEA method to analyze the efficiency of the Polish banking system 

from 1997 to 2001. The study found that foreign-capitalized banks were more successful than nationally 

capitalized banks. Seçme et al. (2009) evaluated the performance of five banks in Turkey using the 

Fuzzy AHP and TOPSIS methods. The analysis revealed that Ziraat Bank had the best performance in 

2007, while Yapı Kredi Bank had the worst performance. Gishkori and Ullah (2013) evaluated the 

efficiency levels of banks in Pakistan with various ownership structures using DEA and Tobit 

Regression methods from 2007 to 2011. The study performed that 5 banks achieved the targeted 

efficiency levels in 2007, 8 banks in 2008, 20 banks in 2009, 27 banks in 2010, and 23 banks in 2011. 

Moreover, based on Tobit regression analysis, bank-level indicators are crucial in determining technical 

efficiency levels. In a separate study, Doğan (2013) compared the performance of 10 banks listed on the 

BIST using the Gray Relational Analysis method. The analysis, which covered the period from 2005 to 

2011, concluded that Akbank had the most successful performance during that time. Mandic et al. (2014) 

assessed the performance of commercial banks in Serbia employing Fuzzy AHP and TOPSIS methods. 

The assessments for the period 2005-2010 showed that Banca Intesa was the most successful bank, 

while Moskovska Bank was the least successful. Yamaltdinova (2017) analyzed the performance of 15 

Kyrgyz deposit banks for the period 2010-2014 employing expert opinion and TOPSIS methods. The 

methods used showed that Demir Kyrgyz International Bank performed the best during the relevant 

periods. In a separate study of 8 banks listed on the Malaysian Stock Exchange from 2011-2015, Siew 

et al. (2017) utilized the equal weight and TOPSIS model and found that CIMB Group Holdings Berhad 
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was the most successful bank during the analyzed periods. Wanke et al. (2018) analyzed the performance 

of banks operating in BRICS countries employing Fuzzy TOPSIS and Bootstrap Regression models. 

The study, conducted for the 2010-2014 period, revealed a positive relationship between the efficiency 

level of the banking system and the savings and GINI index in the country. Laha and Biswas (2019) 

suggested the Entropy and CODAS integrated model in their study, using a sample of 5 public and 5 

private banks in India for the period 2012-2016. The study found that privately owned banks 

outperformed publicly owned banks. Işık (2020) analyzed the performance of three state-owned 

development and investment banks in Turkey from 2014 to 2018 employing a hybrid tool consisting of 

SD, MABAC and WASPAS methods. The author's outcomes demonstrate that Turk Eximbank was the 

most successful during this period. Sama et al. (2020) evaluated the performance of 18 private sector 

banks in India from 2018 to 2019 using CRITIC-TOPSIS and CRITIC-GIA methods. After applying 

the selected analysis methods, HDFC Bank ranked first, and Bandhan Bank ranked second. The rankings 

of other banks were found to vary. Furthermore, Gazel et al. (2021) examined the performance of deposit 

banks in Turkey utilizing an integrated model consisting of Fuzzy Entropy, Fuzzy TOPSIS and 

Regression methods to determine the criteria. Adabank, Deutsche Bank and Citibank were the top-

performing banks from 2007-2017. In 2020, Rao et al. analyzed the performance of six privately owned 

Indian banks with the help of SD, CRITIC, ARAS and MOORA methods. The analysis revealed that 

HDFC had the highest performance, while Yes Bank had the lowest. The study used MEREC, PSI, and 

MAIRCA methods. Işık (2022) conducted a study on the performance of the Turkish participation 

banking sector from 2019Q1 to 2020Q4. It was reported that the sector's most successful period was 

December 2020, while the least successful period was March 2019. Milenković et al. (2022) ranked 

banks in the Western Balkan states according to their efficiency levels using the fuzzy DEA method in 

a sample of banks. The study conducted between 2015 and 2019 found that efficiency levels varied both 

between and within countries over the years. Avşarlıgil et al. (2023) employed Entropy, ARAS, 

MOORA and MOOSRA methods to evaluate the performance of 13 commercial banks in Turkey for 

the period 2019-2020. The study concluded that Ziraat Bank was the most successful bank, while 

Halkbank consistently ranked among the top 5 most successful banks. Kumar and Sharma (2023) 

evaluated the performance of ten large commercial banks in India from 2016-2017 to 2020-2021 via 

AHP and TOPSIS techniques. They found that return on equity had the highest impact on bank 

performance. Bandhan Bank was ranked as the best performing bank. The performance of 39 

commercial banks operating in China between 2010 and 2018 was evaluated using DEA and SSRP 

algorithms. Productivity levels were found to gradually increase between 2010 and 2015, while 

fluctuating in other periods. Ali et al. (2024) analyzed the performance of 19 Iraqi banks between 2007 

and 2020 using an integrated MCDM framework that consists of CRITIC and RAFSI techniques. The 

study measured financial sustainability performance and identified BTRI as the most successful bank 

and BNOR as the least successful. Kumar and Sharma (2024) evaluated the performance of the nine 

largest private sector banks in India with the aid of CRITIC and TOPSIS approaches. The analyses 
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performed for the periods 2015-2016 and 2020-2021 determined that Bandhan Bank was the most 

successful bank throughout all periods. 

2.2. Research Gap Analysis 

The review of the previous literature shows that there are a large number of studies analyzing 

the performance of the banking sectors of different countries. However, most of these works are focused 

on financial performance analyses. Given today's competitive conditions, assessing bank overall 

performance only from a financial perspective may lead to a one-sided and non-objective assessment. 

To fill this gap in the literature, the current work introduces a set of criteria for analyzing 

multidimensional bank sustainability performance that includes both financial and non-financial 

performance indicators. 

The second gap pertains to the lack of research in the literature that combines the MSD, the 

MPSI, and the RAWEC approach to gauge banks’ sustainability performance. Thus, suggesting a 

performance measurement framework that integrates the beneficial aspects of the three approaches aims 

to fill the second research gap by providing a more holistic and practical evaluation of banks. Hence, 

the introduced decision-making tool has the potential to fulfill the need for a decision support system or 

methodological framework to accurately analyze the strengths and weaknesses of individual banks in 

comparison to others operating in the same industry. 

The MSD-MPSI-RAWEC methodology formulated in this article assess and rank alternative 

banks and can help monitor and improve the multidimensional performance of banks in a competitive 

business environment. 

3. METHODOLOGY 

This section describes the recommended decision framework, i.e., the MSD-MPSI-RAWEC 

framework, for solving the multidimensional performance decision-making problem about the banking 

industry, as illustrated in Figure 1. 

Figure 1. Proposed Approach 

 
Note: Created by the author. 
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3.1. Modified Standard Deviation (MSD) Procedure 

The MSD procedure developed by Puška et al. (2022) is an extension of the standard deviation 

(SD) technique. Unlike the SD approach, it includes two extra steps. The first step is to compute the 

sum of the column. The second step is to correct the value of the standard deviation based on this 

indicator. This procedure includes the following steps: 

Step 1. The decision matrix (Y) is prepared as in Eq. (1). This matrix includes m alternatives, K1,…,Km 

based on the n criteria, D1,…, Dn. 

Y = [yij]m×n
                                                                                                       (1) 

where yij indicates the assessment of the i-th alternative and the j-th criterion. 

Step 2. This matrix is normalized based on Eq. (2) (for beneficial attributes) and Eq. (3) (for non-

beneficial attributes). 

vij =
yij

max{yij|i = 1,2, … , m}
                              (2) 

vij =
min{yij|i = 1,2, … , m}

yij
                            (3) 

Step 3. Calculating the standard deviation of each criterion (σn). 

Step 4. Computing the sum of the sum of the columns. 

Step 5. The corrected value of the standard deviation is calculated with the help of Eq. (4). 

σ′ =
σ

∑ yij
n
j

                   (4) 

Step 6. The final weights of the criteria are determined by applying Eq. (5). 

wJ
(MSD)

=
σj

′

∑ σj
′n

j=1

                   (5) 

3.2. Modified PSI (MPSI) Procedure 

The MPSI approach is a modified version of the Preference Selection Index (PSI) technique by 

developed by Maniya and Bhatt (2010). It is a flexible and easily applicable tool to address various 

MCDM issues (Gligorić et al., 2022). The method defines objective weights of the criteria and is 

characterized by its simplicity and understandability. The newly developed approach is effective in 

calculating weight coefficients and saves time in the process. For this reason, it is accepted and used as 

an effective method in weighting the criteria included in the decision process. This method consists of 

five sequential steps summarized below: 

Step 1. A decision matrix (Y) is built. This matrix was demonstrated in Eq. (1).       
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Step 2. The normalized decision matrix is constructed as shown in Eq. (2) (for beneficial attributes) and 

Eq. (3) (for non-beneficial attributes). 

Step 3. The mean values of the normalized decision matrix are found via Eq. (6): 

ψj =
1

m
∑ vij

m
i=1                  (6) 

Step 4. Calculate the preference variation value ϑj as follows: 

ϑj = ∑ (vij − ψj)
2m

i=1                               (7) 

Step 5. The weights of criteria are found with the help of following equation: 

wj
(MPSI)

=
ϑj

∑ ϑj
n
j=1

                  (8) 

3.3. Combined Weights 

The utilization of a variety of MCDM approaches in the estimation of criterion weight values 

leads to some differences in weight values. In order to overcome this problem, an aggregation operator 

is applied in this paper to compute the criterion weights efficiently while taking into account the 

influence of different MCDM methods at the same time (Işık et al., 2023). In the present manuscript, 

the criteria weights of MSD and MPSI are denoted as wJ
(MSD)

 and wj
(MPSI)

, respectively, and the final 

weight of each criterion is computed from Eq. (9). 

wj = ψwJ
(MSD)

+ (1 − ψ)wj
(MPSI)

              (9) 

3.4. RAWEC Method 

The RAWEC method, one of the alternative ranking techniques in the field of MCDM, was 

recently introduced by Puška et al. (2024). Compared to many other MCDM approaches, this tool is 

simple, easy to implement, and effective. The procedure is based on double normalization and the 

calculation of deviations from ideal and anti-ideal values. This algorithm executes the following steps. 

Step 1. A decision matrix (Y) is built. This matrix was demonstrated in Eq. (1).       

Step 2. The normalized decision matrix is constructed by applying Eq. (10) (for beneficial attributes) 

and Eq. (11) (for non-beneficial attributes). Here, Double normalization, as shown in Eq. (11) and (12), 

is employed to normalize the decision matrix. 

vij =
yij

max{yij|i = 1,2, … , m}
 and vij

′ =
min{yij|i = 1,2, … , m}

yij
                      (10) 

vij =
min{yij|i = 1,2, … , m}

yij
  and vij

′ =
yij

max{yij|i = 1,2, … , m}
                            (11) 

Step 3. Eq. (12) and (13) are applied to obtain the deviation from the criterion weight. 
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nij = ∑ wj
m
i=1 . (1 − vij)              (12) 

nij
′ = ∑ wj

m
i=1 . (1 − vij

′ )              (13) 

Here wj  indicates the final weight of criteria. 

Step 4. The values of Ωi are found for each alternative through Eq. (14). 

Ωi =
nij

′  − nij

nij
′  + nij

                  (14) 

Based on the RAWEC procedure Ωi takes values between -1 and 1. Here, the alternative with the highest 

Ωi values are considered to be the best alternative. 

4. A REAL CASE APPLICATION OF PERFORMANCE EVALUATION FOR BANKS 

Multidimensional performance measurement in banking sectors is an intricate process that 

requires flexible and mathematical techniques due to the fact that it depends on many conflicting criteria. 

Furthermore, owing to the vital role that bankers play in creating a sustainable financial system via their 

financial services and investments, analyzing sustainability performance in the banking sector is quite 

critical. Therefore, this work aims to address the issue of sustainability performance measurement in the 

banking sector via a novel sustainability performance measurement model. In accordance with this 

purpose, a real-time case study is performed on Turkey's 6 leading commercial banks. The names of the 

alternative banks considered in this study and their market shares are shown in Table 1. Additionally, 

the key performance indicators considered as evaluation criteria are given in Tablo 2 

Table 1. The Decision Alternatives 

Code  Alternative Market share (%) 

A1 Akbank T.A.Ş. 0.0820 

A2 Türkiye Garanti Bankası A.Ş. 0.0879 

A3 Türkiye Halk Bankası A.Ş. 0.1061 

A4 Şekerbank T.A.Ş. 0.0048 

A5 Türkiye Vakıflar Bankası T.A.O. 0.1282 

A6 Yapı ve Kredi Bankası A.Ş. 0.0845 

Table 2. The Key Performance Indicators 

Code Definition References 

C1 
Total Equity/Risk-Weighted 

Assets 

Mili et al. (2017), Aras and Kazak (2022), Yıldırım and Yaman 

(2023) 

C2 Total Loans / Total Assets 
Zakaria and Purhanudin (2017), Zarafat and Prabhune (2018), 

Prabowo et al. (2018), Rawan (2019) 

C3 
Net Operating İncome/Total 

Assets 

Hayajneh and Yassine (2011), Khalaf et al. (2015), Cui et al. (2023), 

Feng and Wu (2023) 

C4 Net Profit/ Total Assets Mili et al. (2017), Buallay et al. (2021), Ali et al. (2023) 

C5 
Liquid Assets / Short-Term 

Foreign Liabilities 

Wang et al. (2020), Coetzee and Genukile (2020), Chatzitheodorou 

et al. (2021), Brei et al. (2024) 
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Table 2 (Cont.) 

Code Definition References 

C6 
Non-Interest Income / Total 

Assets 

Zakaria and Purhanudin (2017), Işık (2019), Karadayı (2023), 

Mehzabin et al. (2023) 

C7 
Greenhouse Gas Intensity Per 

Asset 

Khan (2011), Sobhani et al. (2012), Korga and Aslanoğlu (2022), 

Kim et al. (2023), Greer et al. (2024) 

C8 Energy Intensity Per Asset 
Korga and Aslanoğlu (2022), Atif et al. (2022), Kumar et al. (2023), 

Wei et al. (2023) 

C9 Water Intensity Per Assets Korga and Aslanoğlu (2022), Huang et al. (2023), Liu et al. (2023) 

C10 Water Intensity Per Employee Özçelik and Avcı Öztürk (2014), Ruberti, (2023) 

C11 
Paper Consumption Per 

Employee 
Özçelik and Avcı Öztürk (2014), Aydın et al. (2023) 

C12 Number Of Branch 
Rebai et al. (2016), Stauropoulou and Sardianou (2019), Yıldırım 

and Yaman (2023) 

C13 Number Of ATM 
Rebai et al. (2016), Stauropoulou and Sardianou (2019), Yıldırım 

and Yaman (2023) 

C14 Number Of Employees 
Khan (2011), Stauropoulou and Sardianou (2019), Yıldırım and 

Yaman (2023) 

C15 Employee Turnover Rate Khan (2011), Özçelik and Avcı Öztürk (2014), Ielasi et al. (2023) 

C16 
Total Hours Spent by Firm-

Employee Training 

Khan (2011), Özçelik and Avcı Öztürk (2014), Korga and Aslanoğlu 

(2022) 

C17 Audit Committee Meetings 
Umar et al. (2023), Gbenyi et al. (2023), Wulandari and 

Barokah(2023), Chronopoulos et al. (2023) 

C18 Board Size 
De Andres et al. (2005), Laksmana, (2008), Gurol and Lagasio 

(2022), Wu et al. (2023) 

C19 
Percentage Of Non-Executive 

Directors on Board 

Oyekale et al. (2022), Muhammad et al. (2023), Oppong and Lartey, 

(2023), Amin and Cuming, (2023) 

C20 
Number Of Executives / 

Company Managers 

Kumara and Walakumbura (2023), Khandelwal et al. (2023), Le et 

al. (2023), Cao et al. (2024) 

C21 Board Duration (Years) 
Singareddy et al. (2018), Hassan et al. (2023), Tan and Valdez, 

(2023) 

5. IMPLEMENTATION OF THE MSD-MPSI-RAWEC MODEL 

In this section of the existing work, the application outcomes of the decision framework for 

gauging the sustainability performance of banks are presented. 

5.1. The Results of MSD Procedure 

The decision matrix which includes alternative banks and evaluation criteria is illustrated in 

Table 3. 

Table 3. Initial Decision Matrix 

 A1 A2 A3 A4 A5 A6 

C1 14.29 13.25 6.45 7.42 6.36 11.39 

C2 52.12 58.10 60.53 56.56 56.73 54.55 

C3 7.09 6.10 1.45 2.91 2.22 5.88 

C4 52.30 50.53 22.13 39.11 30.22 55.60 

C5 28.88 32.51 17.50 32.37 30.13 27.24 

C6 2.71 3.23 0.47 1.84 1.52 2.41 

C7 0.05 0.05 0.03 0.13 0.02 0.04 

C8 0.13 0.12 0.09 0.36 0.07 0.11 
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Table 3 (Cont.) 

 A1 A2 A3 A4 A5 A6 

C9 0.04 0.18 0.15 0.60 0.11 0.19 

C10 3.71 12.56 10.63 12.06 11.20 14.60 

C11 0.03 0.04 0.11 0.17 0.06 0.12 

C12 711 837 1038 238 949 801 

C13 5553 5450 4075 280 4148 4715 

C14 12717 20781 20781 3427 16961 15431 

C15 7.21 3 1.7 23.3 2.89 11.9 

C16 419661 948237 34704.27 79437.9 41724.06 799097 

C17 4 7 4 5 21 4 

C18 10 11 9 11 9 12 

C19 70.00 90.91 88.89 63.64 88.89 83.33 

C20 15 11 14 11 12 17 

C21 1 3 3 3 3 1 

The elements of the decision matrix shown in Table 3 are normalized via Eq. (2) and (3). Table 

4 shows normalized decision matrix. 

Table 4. Normalized Decision Matrix 

 A1 A2 A3 A4 A5 A6 

C1 1.00 0.93 0.45 0.52 0.45 0.80 

C2 0.86 0.96 1.00 0.93 0.94 0.90 

C3 1.00 0.86 0.20 0.41 0.31 0.83 

C4 0.94 0.91 0.40 0.70 0.54 1.00 

C5 0.89 1.00 0.54 1.00 0.93 0.84 

C6 0.84 1.00 0.15 0.57 0.47 0.75 

C7 0.46 0.50 0.74 0.18 1.00 0.57 

C8 0.51 0.53 0.71 0.18 1.00 0.60 

C9 1.00 0.23 0.27 0.07 0.37 0.22 

C10 1.00 0.30 0.35 0.31 0.33 0.25 

C11 1.00 0.76 0.27 0.18 0.47 0.25 

C12 0.68 0.81 1.00 0.23 0.91 0.77 

C13 1.00 0.98 0.73 0.05 0.75 0.85 

C14 0.61 1.00 1.00 0.16 0.82 0.74 

C15 0.24 0.57 1.00 0.07 0.59 0.14 

C16 0.44 1.00 0.04 0.08 0.04 0.84 

C17 0.19 0.33 0.19 0.24 1.00 0.19 

C18 0.83 0.92 0.75 0.92 0.75 1.00 

C19 0.77 1.00 0.98 0.70 0.98 0.92 

C20 0.88 0.65 0.82 0.65 0.71 1.00 

C21 0.33 1.00 1.00 1.00 1.00 0.33 

In Table 5, firstly, the standard deviation of each normalized criterion is calculated. Secondly, 

the sum of these criteria is found. Next, with the help of Eq. (4), the corrected value of the standard 

deviation for each criterion is calculated. As seen in the last row of Table 5, the weight value of each 

criterion is obtained by utilizing Eq. (5). 
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Table 5. The Results of MSD Procedure 

 𝜎 Σ 𝜎/ Σ wJ
(MSD)

 

C1 0.25 4.14 0.06 0.04 

C2 0.05 5.59 0.01 0.01 

C3 0.33 3.62 0.09 0.05 

C4 0.24 4.49 0.05 0.03 

C5 0.17 5.19 0.03 0.02 

C6 0.30 3.77 0.08 0.05 

C7 0.28 3.45 0.08 0.05 

C8 0.27 3.54 0.08 0.05 

C9 0.33 2.16 0.15 0.09 

C10 0.28 2.54 0.11 0.07 

C11 0.33 2.93 0.11 0.07 

C12 0.27 4.41 0.06 0.04 

C13 0.35 4.36 0.08 0.05 

C14 0.31 4.34 0.07 0.04 

C15 0.35 2.61 0.13 0.08 

C16 0.43 2.45 0.17 0.10 

C17 0.32 2.14 0.15 0.09 

C18 0.10 5.17 0.02 0.01 

C19 0.13 5.34 0.02 0.01 

C20 0.14 4.71 0.03 0.02 

C21 0.34 4.67 0.07 0.04 

5.2. The Results of MPSI Procedure 

The decision matrix that was employed in the first step of the application of the MPSI algorithm 

is shown in Table 3 and the normalized decision matrix is given in Table 4. The averages for the 

normalized criteria were found by Eq. (6) are reported in Table 6. 

Table 6. Mean Values for Normalized Criteria 

 Σ/n 

C1 0.69 

C2 0.93 

C3 0.60 

C4 0.75 

C5 0.86 

C6 0.63 

C7 0.57 

C8 0.59 

C9 0.36 

C10 0.42 

C11 0.49 

C12 0.73 

C13 0.73 

C14 0.72 

C15 0.43 
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Table 6 (Cont.) 

 Σ/n 

C16 0.41 

C17 0.36 

C18 0.86 

C19 0.89 

C20 0.78 

C21 0.78 

While Eq. (7) was utilized to find the preference variation value, Eq. (8) was employed to 

compute the MPSI weight values, and the achieved findings are presented in Table 7. 

Table 7. The Results of MPSI Procedure 

 A1 A2 A3 A4 A5 A6 Σ wj
(MPSI)

 

C1 0.10 0.06 0.06 0.03 0.06 0.01 0.31 0.04 

C2 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

C3 0.16 0.07 0.16 0.04 0.08 0.05 0.56 0.07 

C4 0.04 0.03 0.12 0.00 0.04 0.06 0.29 0.04 

C5 0.00 0.02 0.11 0.02 0.00 0.00 0.15 0.02 

C6 0.04 0.14 0.23 0.00 0.02 0.01 0.46 0.05 

C7 0.01 0.01 0.03 0.15 0.18 0.00 0.38 0.05 

C8 0.01 0.00 0.02 0.17 0.17 0.00 0.36 0.04 

C9 0.41 0.02 0.01 0.08 0.00 0.02 0.54 0.06 

C10 0.33 0.02 0.01 0.01 0.01 0.03 0.40 0.05 

C11 0.26 0.07 0.05 0.10 0.00 0.06 0.54 0.06 

C12 0.00 0.01 0.07 0.26 0.03 0.00 0.37 0.04 

C13 0.07 0.06 0.00 0.46 0.00 0.01 0.61 0.07 

C14 0.01 0.08 0.08 0.31 0.01 0.00 0.49 0.06 

C15 0.04 0.02 0.32 0.13 0.02 0.09 0.62 0.07 

C16 0.00 0.35 0.14 0.11 0.13 0.19 0.92 0.11 

C17 0.03 0.00 0.03 0.01 0.41 0.03 0.51 0.06 

C18 0.00 0.00 0.01 0.00 0.01 0.02 0.05 0.01 

C19 0.01 0.01 0.01 0.04 0.01 0.00 0.08 0.01 

C20 0.01 0.02 0.00 0.02 0.01 0.05 0.10 0.01 

C21 0.20 0.05 0.05 0.05 0.05 0.20 0.59 0.07 

5.3. Combined Weights 

The optimal criteria weight values computed by applying Eq. (9) are reported in Table 8. 

Table 8. Final Weight Values of Criteria 

 wj 

C1 0.036 

C2 0.003 

C3 0.061 

C4 0.034 

C5 0.019 
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Table 8 (Cont.) 

 wj 

C6 0.051 

C7 0.047 

C8 0.044 

C9 0.078 

C10 0.058 

C11 0.066 

C12 0.040 

C13 0.061 

C14 0.051 

C15 0.077 

C16 0.107 

C17 0.075 

C18 0.009 

C19 0.012 

C20 0.015 

C21 0.058 

5.4. The Results of RAWEC Procedure 

The decision matrix that was utilized in the application of the RAWEC technique is 

demonstrated in Table 3. Next, the normalized decision matrix is form with the aid of Eq. (10) and Eq. 

(11). This matrix is indicated in Table 9. 

Table 9. Normalized Initial Decision Matrix 

 Benefit Normalisation (𝐯𝐢𝐣) Cost Normalisation (𝐯𝐢𝐣
′ ) 

 A1 A2 A3 A4 A5 A6 A1 A2 A3 A4 A5 A6 

C1 1.00 0.93 0.45 0.52 0.45 0.80 0.45 0.48 0.99 0.86 1.00 0.56 
C2 0.86 0.96 1.00 0.93 0.94 0.90 1.00 0.90 0.86 0.92 0.92 0.96 

C3 1.00 0.86 0.20 0.41 0.31 0.83 0.20 0.24 1.00 0.50 0.65 0.25 

C4 0.94 0.91 0.40 0.70 0.54 1.00 0.42 0.44 1.00 0.57 0.73 0.40 

C5 0.89 1.00 0.54 1.00 0.93 0.84 0.61 0.54 1.00 0.54 0.58 0.64 

C6 0.84 1.00 0.15 0.57 0.47 0.75 0.17 0.15 1.00 0.26 0.31 0.20 

C7 0.46 0.50 0.74 0.18 1.00 0.57 0.40 0.36 0.25 1.00 0.18 0.32 

C8 0.51 0.53 0.71 0.18 1.00 0.60 0.35 0.34 0.25 1.00 0.18 0.30 

C9 1.00 0.23 0.27 0.07 0.37 0.22 0.07 0.30 0.26 1.00 0.18 0.32 

C10 1.00 0.30 0.35 0.31 0.33 0.25 0.25 0.86 0.73 0.83 0.77 1.00 

C11 1.00 0.76 0.27 0.18 0.47 0.25 0.18 0.23 0.65 1.00 0.38 0.71 

C12 0.68 0.81 1.00 0.23 0.91 0.77 0.33 0.28 0.23 1.00 0.25 0.30 

C13 1.00 0.98 0.73 0.05 0.75 0.85 0.05 0.05 0.07 1.00 0.07 0.06 

C14 0.61 1.00 1.00 0.16 0.82 0.74 0.27 0.16 0.16 1.00 0.20 0.22 

C15 0.24 0.57 1.00 0.07 0.59 0.14 0.31 0.13 0.07 1.00 0.12 0.51 

C16 0.44 1.00 0.04 0.08 0.04 0.84 0.08 0.04 1.00 0.44 0.83 0.04 

C17 0.19 0.33 0.19 0.24 1.00 0.19 1.00 0.57 1.00 0.80 0.19 1.00 

C18 0.83 0.92 0.75 0.92 0.75 1.00 0.90 0.82 1.00 0.82 1.00 0.75 

C19 0.77 1.00 0.98 0.70 0.98 0.92 0.91 0.70 0.72 1.00 0.72 0.76 

C20 0.88 0.65 0.82 0.65 0.71 1.00 0.73 1.00 0.79 1.00 0.92 0.65 

C21 0.33 1.00 1.00 1.00 1.00 0.33 1.00 0.33 0.33 0.33 0.33 1.00 
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After this computation, Eq. (12)-(14) are applied to obtain the deviations from the criterion weights and 

the values of Ωi. The results of these calculations and the ranking orders of the alternatives are indicated 

in Table 10. According to the outcomes indicated in Table 10, it is observed that A2 and A1 are ranked 

as the top two banks, while A3 and A4 are ranked as the worst banks. 

Table 10. Final Ranking Order Using the RAWEC Method 

 nij nij
′  Ωi Rank 

A1 0.32 0.64 0.34 2 

A2 0.27 0.68 0.43 1 

A3 0.49 0.41 -0.09 5 

A4 0.69 0.22 -0.51 6 

A5 0.40 0.58 0.19 3 

A6 0.44 0.54 0.10 4 

6. SENSITIVITY ANALYSIS 

This section conducts a series of sensitivity analysis tests to demonstrate the robustness, stability 

and validity of the recommended combined MCDM approach. The analysis was performed in four 

stages. Firstly, the current study investigated the effects of changes in weight values of criteria on the 

ranking performance of alternatives via 100 scenarios. Secondly, the effect of changing the values of 

the 𝜓 parameter on the ranking order of the alternatives is examined. Thirdly, this study examines the 

influence of removing each alternative on the final ranking results of the recommended framework to 

test its robustness. Finally, we compare the ranking results of recommended MCDM framework to those 

obtained by applying various MCDM approaches. 

6.1. Exploring the Changes in Criteria Weights 

A total of 100 scenarios were generated to assess the effects of criterion weight changes. Each 

scenario decreased the weight of the most influential criterion (C16) by 2%. The following equation was 

utilized to estimate the weights of the remaining criteria in each scenario: 

wn
∗ = wn

(1−w21
∗ )

(1−w21)
  for n ≠ 16                            (15) 

Here, 𝑤𝑛
∗ denotes the new value of 𝑤𝑛 in the next scenario. For instance, for the first scenario 

(S1), the new weight value for C16 is obtained as follows: 

w16
∗ ≅ 0.1070 × 0.98 ≅ 0.1049 

The new weight value of C1 in S1 is computed as indicated below. 

𝑤1
∗ ≅ 0.0365

(1 − 0.1049)

(1 − 0.1070)
≅ 0.0366 
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The weights of the other 20 criteria were found by applying Eq. (15). Next, we created new 

weight vectors based on 100 different scenarios and tried to analyze their impact on the ranking positions 

of options. The alternatives were re-ranked using 100 scenarios and the results are shown in Figure 2. 

When Figure 2 is analyzed, it is determined that there is no change in the ranking of any alternative. 

Figure 2. Re-ranking of Alternatives Based on the New Weights for Criteria 

 

6.2. Analyzing the Impact of Changing Values of the 𝜓 Parameter 

The value of the parameter 𝜓 was set as 0.5 to compute the integrated weights of criteria. By 

identifying the values of the parameter 𝜓 as integers ranging from 1 to 10, the weight values of the 

criteria and their influence on the ranking of the options were investigated. The ranking orders of options 

with regard to the 10 scenarios are illustrated in Figure 3. When the results displayed in Figure 3 are 

considered, it is understood that there is no significant change in the ranking positions of the alternatives. 
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Figure 3. Re-ranking of Alternatives According to a Variety of Values of 𝜓 Parameter 

 

6.3. Examining the Impact of the Rank Reversal Phenomenon on the Ranking Order 

To understand the effectiveness of the introduced MCDM tool to the rank reversal issue, 

scenarios based on the elimination of the least important alternative were developed. Accordingly, in 

each scenario, the worst alternatives were dropped from the analysis, respectively, until the best 

alternative remained. The results obtained from six scenarios based on the elimination of the least 

important alternative are presented in Figure 4. The findings from the scenarios based on the elimination 

of the least important alternative are presented in Figure 4. As can be seen in Figure 4, the elimination 

of the worst alternatives from the analysis does not influence the initial ranking results, which shows 

that the proposed MCDM tool is robust and consistent at the maximum level. 

Figure 4. Alternatives’ Ranking Orders Based on Various Scenarios 
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6.4. Comparison of the Suggested Hybrid Methodology with the Various MCDM Tools 

The results achieved by the implementation of the suggested hybrid MCDM methodology are 

compared with the results of various MCDM methods like CRADIS (Puška et al., 2022), COPRAS 

(Zavadskas et al., 2001), MABAC (Pamučar and Ćirović, 2015), MAIRCA (Pamučar et al., 2014), and 

MARCOS (Stević et al., 2020) and the results based on the comparison are shown in Figure 5. The 

outcomes from Figure 5 means that the suggested hybrid MCDM tool is a maximally robust and reliable. 

Figure 5. Alternatives’ Ranking Results According to Different MCDM Methods 
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• The findings from sensitivity and comparative analysis demonstrate that the introduced 

decision tool is maximally robust and consistent. 

• The proposed methodology for analyzing bank multidimensional sustainability 

performance is not sensitive to rank reversal, which is one of the important problems seen 

in MCDM applications. 

The managerial implications of the current study are described below. 

• The results of this study, which concentrates on the multidimensional performance of banks, 

one of the most significant actors of the financial intermediation process, provide critical 

implications for the mechanisms that regulate and supervise the banking industry, regarding 

the monitoring of bank performance and the sustainability of the financial system. 

• Comparing the performance of banks in terms of multidimensional sustainability forms the 

basis of their operational and sustainability-related activities and provides vital insights 

concerning the success of the implemented strategies to all relevant stakeholders. 

• The findings obtained through the proposed performance evaluation tool can help the bank's 

board of directors and senior management team to improve the banks' overall performance 

and achieve sustainable competitive advantage. 

8. CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH 

Due to social, environmental and governance sustainability concerns, multidimensional analysis 

of bank performance has become a significant and critical issue for all stakeholders in the banking sector.  

In the current article, an integrated MCDM model is suggested to address decision problem regarding 

bank multi-dimensional sustainability performance assessment. In this context, MSD-MPSI-RAWEC 

model are integrated for the first time. 

According to the integrated weighting outcomes reported in Table 8, C16 (Total hours spent by 

firm-employee training), C9 (Water intensity per assets), and C15 (Employee turnover rate) are the most 

critical criteria influencing sustainability performance. This finding is similar to the results of Ecer 

(2019), Doğan and Kılıç (2022), Yıldırım and Yaman (2023), but different from the results of Alp et al. 

(2015), Ersoy (2018) and Bektaş (2023). On the other hand, based on the findings from the RAWEC 

methodology shown in Table 10, it can be concluded that A2 (Garanti BBVA) is identified as the best 

alternative, followed by A1 (Akbank), A5 (Vakıfbank), A6 (Yapı Kredi), A3 (Halkbank), and A4 

(Şekerbank). This result is similar to the results obtained by Özçelik and Öztürk (2014), Kestane et al. 

(2019), Doğan and Kılıç (2022), while it is different from the results obtained by Eş and Kamacı (2020) 

and Bektas (2022) and Terzioğlu et al. (2023). The reason for these differences can generally be 

attributed to the performance criteria used in the aforementioned studies, the CRM procedures used, the 

sample of banks selected and the periods examined in the analyses. 
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Further, the accuracy and validity of the introduced methodology is checked in four phases. In 

the first phase, the influences of the modifications concerning the weight values of criteria on the initial 

alternative rank were investigated. The impact of changing values of the 𝜓 parameter is analyzed in the 

second phase. In the third stage, the introduced MCDM tool’s resistance to the rank reversal issue was 

analyzed and fourth stage and last stage of the robustness examination, the findings of introduced 

methodology were compared to the results of some common and robust decision-making approaches. 

The conducted sensitivity study’s results support that the recommended MCDM tool is a stable, reliable, 

and resistant environment for making decisions. 

The key contribution of the existing manuscript to the practitioners and researchers who work 

in the field of banking is to introduce a hybrid MCDM tool based on based on MSD, MPSI, and RAWEC 

to solve the performance assessment problem in banking industry. Another valuable contribution is 

presenting a novel criteria set based on financial and non-financial indicators of banks. Also, DMs can 

easily implement this model without advanced mathematical information and software like R, 

MATLAB, etc. 

On the other hand, some limitations of existing manuscript exist; and these limitations can be 

summarized as follows: i) it can be accepted that the number of banks ıncluded in the present work is 

relatively low to generalize the obtained results. ii) the analysis period is limited due to the data. 

For future scientific studies, we recommend that a more comprehensive performance assessment 

be carried out by including different indicators in the analysis process. Additionally, considering 

research problem, the other robust MCDM techniques such as LOPCOW, WENSLO, CoCoSo, 

AROMAN, ARTASI, ALWAS, etc. can be employed for analyzing bank multi-dimensional 

sustainability performance. 
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