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Highlights
* This paper focuses on the criteria that affect the financial performance of banks.
» TOPSIS and Fuzzy TOPSIS methods are used for performance evaluation in the study.
* The results of TOPSIS and Fuzzy TOPSIS methods are similar.
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Banks are one of the key components in the world economy's financial activities. With the
Received: 01/05/2020 increasing competitive environment, banks need to use their resources effectively. Effective and
Accepted: 20/05/2020 efficient operation of banks is one of the important issues of money and financial markets.

Effective operation of banks that are at the center of the economy, and measuring and evaluating
their performances both determine their positions in the sector and have strategic importance on

Keywords process management of the country’s economy. Determining which criteria and weights will be
Financial Performance determined for performance is very important in the multi-criteria decision making process. Fuzzy
Banks techniques have more sensitivity in such evaluations. Fuzzy approaches are preferred as the risk,
TOPSIS uncertainty and competition continue to increase in the banking sector. In this study, the criteria
Fuzzy TOPSIS that affect the financial performance of banks are determined. Based on relevant criteria, the first

seven banks were ranked in total assets according to reports received from The Banks Association
of Turkey for 2014-2018 financial year and a performance evaluation was done by using the
TOPSIS and Fuzzy TOPSIS methods.

1. INTRODUCTION

Banks, which are important institutions of the money and financial markets, play a major role in the
economy. Positive or negative events occured in the banking sector also affect other sectors through
banking activities. Banks are profit-making companies. Technological developments, globalization and
competition require banks to use their resources effectively. Therefore, effective and efficient operation of
banks is one of the most important issues of the money and financial markets. Effective operation of banks
that are at the center of the economy, and measuring and evaluating their performances both determine their
role in the sector and have strategic importance on process management of the country’s economy.
Because, unlike other economic sectors, the banking sector assumed the role of financial intermediation,
which determines the resource allocation. For this purpose, an analysis of efficiency and productivity
requirements is needed in order to conduct the performance analysis of the banking sector.

The reasons for measuring and evaluating banks' performance are listed as follows[1]:
» To measure the level of customer satisfaction, to receive feedback on the services offered to customers.
* To determine its position by making comparative analysis with other banks.

* To determine whether the organization and its shareholders are successful.

*e-mail:akay.unvan@gmail.com


http://dergipark.gov.tr/gujs
https://orcid.org/0000-0002-0983-1455

905 Yuksel Akay UNVAN/ GU J Sci, 33(4): 904- 923 (2020)

» To make sure that the decision is based entirely on real data, without making assumptions or conveying
personal thoughts.

* Finding and addressing problems that are troublesome in the organization.

* To identify the regions that are open to development within the institution and to determine the advantages
of these regions.

Banks' financial performance is evaluated according to various criteria. The correct and effective evaluation
of financial performances is based on the correct selection of criteria and methods. Accurate analysis of
financial performances will increase the profitability of banks by reducing their risky transactions.
Determining the performance measurement criteria and features plays an important role in the analysis of
the performances in achieving the targets of the banks. It is stated that the performance criteria should have
the following features [2]:

* Performance factors should be measured independently.

* Precautions should be meaningful and understandable for the user.

* The measures are consistent with the bank's strategic goals.

» The measures are consistent with the bank's competitive strategies.

* Measurement methods should be robust and reliable.

* Performance measures should be re-evaluated and changed if necessary.

» Measures should be reviewed and accepted by all people from their own perspectives.

A bank that has a high performance compared to a rate used may perform poorly compared to another.
After the 2008 global financial crisis, uncertainty has increased worldwide, so the use of fuzzy methods
can provide better results under these conditions. Since the risk, uncertainty and competition continue to
increase in the banking sector, fuzzy techniques are used and performance measurements can provide more
reliable and sensitive results. In the analysis made using fuzzy approaches, it provides a more accurate and
reliable analysis of financial rates that change over the years. Therefore, in this study, the TOPSIS method
is included in the fuzzy TOPSIS method.

According to the report of the Banking Regulation and Supervision Agency (BRSA) dated January 2020,
there are 51 banks. 6 of these banks operate as Participation Bank, 32 of them as Deposit Bank and 13 of
them as Development and Investment Bank. When looked at the employment size provided by these banks,
the deposits collected and the loans extended, it is understood how important the banking system is.

This study discussed the criteria which affect banks' financial performance and explained the determined
criteria in detail. According to the report obtained from the Banking Association of Turkey for the period
2014-2018, the first seven banks were listed in total assets and a performance assessment was made by
using TOPSIS and Fuzzy TOPSIS methods. The following rates were used to determine TOPSIS scores in
the study; debt / total capital assets, total loans / total assets, loans / total loans, fixed assets / total asset(s),
liquid assets / total assets, liquid asset / total asset, liquid asset / short-term liabilities, net profit (loss) over
a term, net profit / equity period, net interest income / total asset ratios.

The reasons for performance evaluation of banks, potential characteristics of the metrics used to assess
performance, and details on this research were provided in the first part of the report. The second part of
the study clarified research on bank performance assessment and the decision-making processes utilized by
various criteria. The third section outlined the parameters used in the assessment of financial results. In the
fourth section, the TOPSIS and dynamic TOPSIS approaches were explained in the multi-criteria decision-
making methods employed in the analysis. In the fifth segment, using the data from the Association of
Banks of Turkey, TOPSIS and fuzzy TOPSIS methods were implemented. Finally, the results obtained
were discussed.
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1.1. Literature Review

In this section of the study, the methods and studies of decisions assessing banks' financial performance
will be shared by multiple criteria. In the literature, there are numerous studies assessing the financial
performance of banks using multi-criteria decision models. The need for these studies is slowly growing
due to technological advances, globalization and increased competition. Ratio analysis is one of the most
common approaches used for financial performance evaluations. Tozum conducted ratio analysis
measurements [3]. Li, Liu, Liu and Whitmore contrasted the financial results of Chinese banks with nine
financial ratios [4]. By using the balance sheets, Guven and Persentili have built a linear model for
programming banks' performance assessment [5]. The performance evaluation models for the measure of
failures were developed by Zopounidis, Pouliezos, Yannacopoulo and Siskos, Zopounidis and Pouliezas
[6-7].

In study, Ecer compared the financial performance of private Turkish banks within the 2008-2011 period
using the Gray Relational Analysis approach [8]. The CAMELS rating is another way to assess banking
efficiency. Six components are included for the CAMELS rating; they are sensitive to equity, asset quality,
management, profitability, liquidity and market. Dincer et al. assessed national, private and foreign banks'
financial output with CAMELS in 2008 [9]. Guneysu et al. were used AHP and Gray Relational Analysis
method in order to find out financial performance of commercial banks operating in the Turkish banking
system in 2010-2014 period [10]. In his study, Tezergil evaluated the financial performance of deposit
banks operating in the Turkish banking sector using the VIKOR method [11].

Altunoz evaluated the financial performances of 12 banks traded in BIST in the period 2007-2016 with
fuzzy MOORA and fuzzy AHP methods [12]. Gunay and Gunay evaluated the financial performance of 15
commercial banks operating in Turkey for the period 2012-2016 by using the ELECTRA and TOPSIS
methods [13]. The knowledge and perception of bank employees by using CAMELS ranking was
investigated by Mittal and Dhade[14].

Data Envelopment Analysis (DEA) is another significant tool for assessing banks' financial efficiency. This
method is used for measuring bank branch performance. Demir and Astarcioglu assessed the Turkish
commercial DEA banks, taking their total business, interest revenues and expenses, expanded loans and
non-interest revenues, and expenses into account[15]. The effect of bank growth on selected financial ratios
between 1989 and 1999 was analyzed with the DEA methods by Mercan, Reisman, Yolalan and Emel [16].
Lin and Zhang have examined the impact of property on bank performance via DEA [17]. Other certain
DEA studies include Bauer, Berger, Ferrier and Humphrie [18], Parkan and Wu [19], Denizer et al.[20],
Isik, Uysal, and Meleke [21]. DEA tests have also been carried out in the literature. Demirguc-Kunt and
Huizinga have implemented several new variables which had not previously been used and observed their
effects [22]. In contrast with the calculation of bank results, Thanasseoulis, Boussofiane, and Dyson used
DEA and ratio analysis and reported that these approaches were not synonymous [23].

The classical analysis hierarchy process (AHP) is another tool for assessing banks' financial efficiency. A
large number of studies used the AHP method. These studies were based on performance determination
factors, performance assessment of potential suppliers, credit evaluation analysis and production
department performance measurement [24-26].

In the calculation of bank results, Frei and Harker used AHP as an alternative to DEA [27]. In this study
the correlation between financial performance and business performance was examined. In the evaluation
of the loan risk with financial and non-financial performance metrics, Yurdakul and Ic evaluated the bank's
success[28] using AHP. Albayrak and Erensal examined the results of Turkish banks using fuzzy AHP [29]
for financial and non-financial performance parameters.

In order to assess and analyze bank efficiency [30-32], scientists often use multi criteria decision-making
methods. In the light of bilateral relations between banks and the manufacturing companies using AHP in
Turkey, Yurdakul and Ic investigated the company's reliability values [28]. Based on their financial and
non-financial performance, businesses earn a general reliability ranking. Models based on AHP are often
chosen because they integrate business banks' financial analyses with political, organizational, financial,
non-financial, qualitative, and quantitative details. Secme et al. tested five commercial banks operating in
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Turkey's financial and non-financial results. They used the AHP and TOPSIS models for determining
weight and measurement of performance [33].

2. MATERIAL AND METHODS

2.1.Financial Ratios

This section clarified the ratio of revenue and cost ratios, productivity, liquidity, quality of asset, balance
sheet, and capital structure. While determining the financial ratios used in the study, expert opinions and
studies were taken into consideration. Therefore, the financial ratios that can evaluate the financial
performance of the bank in the most accurate way were selected.

Balance Sheet and Capital Structure Ratio

The balance sheet and the ratios of capital structure indicate that international resources are associated with
their own resources. These rates demonstrate how banks financing utilizes their own and external capital.

K1: This ratio is obtained by dividing banks' equity by their total assets. It is the ratio that shows to what
extent it finances its assets with its own capital.

Asset Ratios

Asset quality ratios show the rate at which banks attribute their resources to fixed assets, the structure of
loans and whether there is a problem with their return.

K2: This rate shows the loan ratio in total assets and affects the degree of profitability.
K3: This ratio shows the ratio of non-performing loans to total loans.

K4: It shows the ratio of fixed assets in assets.

Liquidity Ratios

Liquidity ratios show the ability to pay. It shows the relationship between the assets that can be converted
into money and their short-term debts.

K5: This ratio shows the liquid assets ratio of banks in total assets.

K®6: It is found by dividing the total current assets by a total of short term liabilities. This rate measures the
bank's ability to pay its short-term debts.

Profitability Ratios

These rates are used to measure the success of the banks as a result of their performances and to evaluate
whether the bank has achieved sufficient profitability.

K7: This ratio is found by dividing net profit by total assets and is used to measure how efficiently assets
are used.

K8: This ratio is found by dividing net profit by total equity and is used to measure how efficiently assets
are used.

Income Expense Structure Ratios

These rates indicate which income and expense items the bank receives are affected by and which items
are predominant in their total income and expenses.

K9: This ratio shows the net interest income in total assets.

K10: This rate shows the interest income in total operating income.
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2.2. Topsis Method

The TOPSIS method is a method which is put forward by Chen and Hwang with reference to the works of
Hwang and Yoon. [34-35]. As stated before, the TOPSIS method is one of the multi-criteria decision
making methods. Using the method, alternative options should be compared according to certain criteria
and between the maximum and minimum values that the criteria can take, according to the ideal situation
[36]. Alternative number n, multi-criteria decision making problem with m criteria can be shown with n
points in m-dimensional space [37]. Hwang and Yoon developed the TOPSIS method, based on the
assumption that the solution alternative will be the shortest distance to the positive ideal solution point and
the farthest distance to the negative-ideal solution point [35]. The stages of the TOPSIS method can be
expressed as follows.

STEP 1: Creating a Decision Matrix

Alternatives are placed in rows in the decision matrix and criteria are placed in columns. Matrix A created
by the decision maker is the initial matrix [38]

a;, Qg A1n ]
| 21 22 Ao |
Aij = | . . . | (l)
| o
laml Am2 Amn J

STEP 2: Creating the Standard Decision Matrix

The alternatives in the decision matrix are listed in the form of (a,. .. a,) one after the other, and each
criterion is shaped according to different alternatives and sorted as properties (y;. . . Ynx) [39]

ajj | = 1,2 e, n

T = @
’ 7121=1a12cj ] 1,2 ,k

STEP 3: Creating the Weighted Standard Decision Matrix

The weight values (w;) associated with the evaluation factors are determined. Weights are determined by
the importance of the criteria. The sum of the determined weight values should be one [40]

maw=1. (3)

The weighted standard decision matrix (V) is created by multiplying the weight value (w;) of the elements
in each column of the standard decision matrix (R) [41]

erll W2T12 e Wnrln ]
| erZ]_ Wzrzz e Wann |

Vij = | . ' | - (4)
lwlrm1 Wyl e Wy Tmn

STEP 4: Creating Positive Ideal (4*) and Negative Ideal (A~) Solutions

The value weights are chosen according to whether they are maximization or minimization [42]
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A ={v],v;, ..., } (5)
A ={v{,v;,..,v7}. (6)
STEP 5: Calculation of Separation of Measurements

The distance approach is used to find possible deviations from the ideal solution for each decision point
assessment. Deviation values are stated as ideal separation (S;) and negative ideal separation (S;") measure
[43]

Si = \[Z?ﬂ(vij - vj*)z (7)

_ _\2
5= Ty — ) ©
STEP 6: Calculating Relative Affinity to the Ideal Solution

The estimation of each value is verified with the correct solution using ideal and negative discriminatory
steps. This test refers to the negative ideal measure of discrimination to the overall measure of
discrimination. As a consequence of ideal solution 1, the decision point shows that the ideal solution is
close to the ideal solution and 0 means that the ideal solution is negative [44]

-

C;=——. (9)

2.3.Fuzzy Set Theory and Fuzzy Numbers

In his thesis "Fuzzy Sets," which he wrote on the paper "Knowledge and Control", in 1965, the Azerbaijani
scientist Lutfu Askerzade, also referred in Zadeh, developed Fuzzy logic. In this research, Zadeh identified
fluid clusters as categorized and permanent clusters. In comparison to binary logic, the membership values
of the components of a group range from 0 to 1 [45]. Fuzzy refers to details that is complete and wrong. In
other words, Fuzzy is mainly about verbal knowledge. The idea of "fuzzy logic" is synonymous with
recognizing the confusion of daily and professional lives and using it to solve problems. In the case of fear,
Fuzzy Logic more closely represents people's mental job processes than classic logic. It was claimed to
have an important role in human thoughts in some classifications, such as recognition, communication with
knowledge, and abstraction. But mathematical expressions can't be used in these classifications[45]. Fuzzy
logic was passed to systems and with different models participated in the decision-making process. Fuzzy
logic uses its mathematical base and fuzzy set theory, which is the most basic concept, to make these
models. Fuzzy set theory was created by L. Zadeh inspired by real life. Fuzzy sets emerge as a very
important tool and mathematical expression in modeling fuzzy logic. Fuzzy set theory helps to measure
uncertainty through subjective judgments [46].

A fuzzy set A [0, 1] is a set expressed by a function defined in the closed range [47]
Wi E - [0,1].

The real-number values form specific and multiple fuzzy sets. Fuzzy sets express the unknown, undefined
and estimated values by means of fuzzy numbers. Numbers of fuzzy are numbers with verbal phrases like
roughly and nearly. The triangular and trapezoidal fuzzy numbers are most commonly used in applications.
A triangle in the form of (a, b, ¢), is the lowest value to the left of a fuzzy number, b is the most suitable
value and c is the highest limit to the right. The Fuzzy number membership function is as follows

( 0, x<a
ﬂ. as<x<b
b—a

/"A(x)_ c—x hb<x<c
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In fuzzy sets, membership function is determined to identfy and show the degree of belonging of an element
to fuzzy sets. The cluster elements within a closed range are assigned values to this function [0,1]. This
value shows how much an element is in the fuzzy package. The properties of the cluster, in other words,
indicate the carrying power. Fuzzy sets with different membership functions appear to be expressed
mathematically. Although the most used membership functions are triangular and trapezoid, it is seen that
different membership functions such as Sigmoid, Gauss (Bell Curve), S-shaped and Z-shaped are also used.

In fuzzy sets, mathematical operations can be performed as in classical sets. Two positive fuzzy numbers
Aand B aregivenas A = (ay,a,,a3) and B = (by, by, b3) [48]:

A"‘g = (a1+b1,a2+b2;a3+b3)
A—E = (al_bl,az_bz;aS_b3)
A+ B = (ay *by,a; * by, a3 * bs)

A/é = (a1/by,a3/b,, a3/b3)

cxA=(cxay,c*ayc*as)

it=1 Y. (10)

2.4.Fuzzy Topsis

It provides the decision making in fuzzy environments by enabling quantitative and qualitative variables
that affect fuzzy TOPSIS decision problems, which are among the fuzzy multi-criteria decision making
methods, to participate in the solution process. Fuzzy TOPSIS method developed by Chen will be applied
in the study. [49]. Fuzzy TOPSIS method is an effective tool for individual and group decision making
When it comes to group decision-making, solution is performed by combining the decisions of all decision
makers. The first step in the application of the method is to create a decision matrix by evaluating the
decision alternatives according to the criteria determined as a result of the previous studies.

Step 1: In a group with K decision makers, ij is affected by j. The importance weight of the decision
criterion is calculated with the formula below [49]

Wy =— W + W2 + -+ wk] . (11)

1
K
Step 2: Ina group with K decision makers, the importance weight of the i alternative of XL-’§ in the decision
problem is calculated by the formula below [49]:

Xy =[xl + x5+ + 2] . (12)

Step 3: The decision matrix and criterion weights matrix of a multi-criteria decision making problem can
be shown as follows:

W = [y, Wy, ..., Wy] (13)
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D is expressed as the fuzzy decision matrix and Wis expressed as the fuzzy weights matrix. The elements
and weights of the matrix are shown as %;;=(a;;, b;;, c;;) and w;= (wj1, wj,, w;z) [49].

Step 4: After the fuzzy decision matrix is created, the normalized fuzzy decision matrix is calculated. This
matrix is represented as follows:

s _ (%) bij cij - _

Ty = (C’f ,F,F , aj = maxcij,‘v’j €B (15)
] ] ]
a; a; a;

s J J J I 1

fij = (f’F’T)’ a; = mina;;,V; €C. (16)
aijj bij Cij

The normalized fuzzy decision matrix, as can be seen in the formula, is determined by dividing the values
for the decision problem by the highest in the column to which every variable in the decision matrix belongs.
It is determined on the basis of the smallest elements of each column when normalizing the cost parameters.

Each fuzzy number is given within the range [0,1] in a normalized matrix. The weighted normalized
decisions matrix is calculated by taking into account the significance weight of each criterion after
calculating the normalized decision matrix.

The weighted normalized decision matrix is shown as follows:

~ o i=12,...,m
V= [Uij]mxn ] = 1,2, e, 1L (17)
The values of each element ¥;; of the matrix ¥ are calculated by the formula:

In order to find the weighted normalized fuzzy decision matrix, the normalized fuzzy decision matrix is
multiplied by the fuzzy weights matrix. In this case, the calculated V' matrix is shown as follows:

After calculating the weighted normalized fuzzy decision matrix V, the fuzzy positive ideal solution A* and
fuzzy negative ideal solution A~ must be calculated

A* = {v],v;, ..,0} i=12,..,m (19)
A ={v],vy,...,v} j=1.2,..,n (20)
Here is accepted as 17;*]-: (1,1,1) and v = (0,0,0) [50].

Step 7: Calculating the distance of alternatives to the positive ideal and negative ideal solution point

For each alternative, the distances to the positive and negative ideal solution points are calculated with the
following formulas

d; = Z}l:l d(ﬁij:ﬁ; i=12,..,m (21)

L

di =0, d(y;,77) i=12,..,m (22)
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In the method, finally, the closeness of the alternatives to the ideal solution is calculated. For this, Vertex
method, which is used to calculate the distance from one of the fuzzy numbers, is used. The distance
between two triangle fuzzy numbers A=(m;,m,, m3) and B=(ny,n,, n3), is calculated by the following
formula according to the vertex method:

47 = [H0my = m)? + Gmg =g + (my = 7] 23)

Proximity coefficients should be calculated in order to choose between alternatives or evaluate alternatives.
The proximity coefficient is calculated for each alternative using the formula below [51].

Step 8: Calculating proximity coefficients and sorting alternatives

In the next step, the proximity coefficient CC; is calculated for each alternative. The proximity coefficient
is in the range [0,1] and the alternatives are listed with the help of this coefficient. The equation for
calculating the proximity coefficient is given below:

d;:

. = l [ =
CC; ava i=12,..,m. (24)

The decision is to order the alternatives according to the CC; coefficient of proximity values. As the
proximity coefficient reaches 1 the value of the alternative is approaching the fuzzy positive ideal solution,
and as the proximity coefficient is approaching the value 0. When the coefficient of proximity is 1, the
value of the alternative equals the fuzzy positive solution, and when the coefficient of proximity is 0, the
value of the alternative equals the fuzzy negative ideal solution [52].

2.5.Empirical Study

In this section, the performance assessment of the first seven banks in terms of asset size was compared
according to reports obtained from the Banks Association of Turkey between 2014 and 2018. When the
previous studies were examined and expert opinion was taken, it was decided to select the asset size as the
ranking criteria for banks. Also the reason for using asset sizes in determining banks is because asset size
clearly reflects the size of banks. In addition, when the sequential asset size of 51 banks in the data set is
analyzed, there is a sharp decline after the 7" bank. Therefore, 7 banks with the highest asset size were
chosen in the study. Table 1 displays the banks used in this analysis. Moreover, the descriptive statistics of
the criteria determined is given in Table 2.

Table 1. Banks used in this study according to reports received from the Banks Association of Turkey

Bank Code

Akbank T.A.S. (AB) Bl
Tiirkiye Cumhuriyeti Ziraat Bankas1 A.S. (ZB) B2
Tiirkiye Garanti Bankasi A.S. (GB) B3
Tiirkiye Halk Bankasi A.S. (HB) B4
Tiirkiye Is Bankas1 A.S. (IB) B5
Tiirkiye Vakiflar Bankasi T.A.O. (VB) B6
Yap1 ve Kredi Bankasi A.S. (YKB) B7
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Mean Std. Minimum | Maximum
Deviation

Balance Sheet and Capital Structure Ratio
EQUITY / TOTAL ASSETS 0,019147 | 0,005468 | 0,012171 | 0,026439
Asset Ratios
TOTAL LOANS / TOTAL ASSETS 0,631065 | 0,034932 | 0,569991 | 0,666317
NON-PERFORMING LOAN/TOTAL LOANS 0,026985 | 0,009712 | 0,015585 | 0,038089
FIXED ASSET / TOTAL ASSETS 0,007882 | 0,00507 | 0,004187 | 0,018916
Liquidity Ratios
LIQUID ASSET / TOTAL ASSET 0,010627 | 0,00414 0,00529 | 0,017364
LIQUID ASSET / SHORT TERM LIABILITIES | 2,051874 | 2,354894 0,09773 | 6,696827
Profitability Ratios
NET PROFIT FOR THE PERIOD / TOTAL 0,012325 | 0,002959 | 0,008419 | 0,016698
ASSETS
NET PROFIT FOR THE PERIOD / TOTAL 1,357116 | 0,834774 0,774572 | 3,156611
EQUITY
IncomeExpenseStructure Ratios
NET INTEREST INCOME / TOTAL ASSET 0,032432 | 0,001926 | 0,029399 | 0,034761
NET INTEREST INCOME / TOTAL 0,70909 | 0,049649 | 0,662617 | 0,80311
OPERATING INCOME

Analysis of Financial Performance of Banks by Topsis Method

Firstly, the decision matrix is created. The decision matrix created for 2014 is given in Table 3.

Table 3. Criteria decision matrix for 2014

Criteria

Banks | K1 K2 K3 K4 K5 K6 K7 K8 K9 K10

B1 0,0206 | 0,6124 | 0,0185 | 0,0042 | 0,0147 | 6,6968 | -0,0121 | -0,8234 | 0,0337 | 0,7060
B2 0,0258 | 0,5700 | 0,0193 | 0,0189 | 0,0174 | 2,2002 | 0,0134 | 0,7746 | 0,0348 | 0,8031
B3 0,0175 | 0,6095 | 0,0247 | 0,0062 | 0,0090 | 3,4275 | 0,0137 | 1,5325 | 0,0340 | 0,6967
B4 0,0171 | 0,6465 | 0,0368 | 0,0076 | 0,0053 | 0,0977 | -0,0167 | -3,1566 | 0,0329 | 0,7435
B5 0,0264 | 0,6532 | 0,0156 | 0,0080 | 0,0110 | -0,6328 | 0,0133 | 1,2121 | 0,0314 | 0,6626
B6 0,0143 | 0,6595 | 0,0381 | 0,0045 | 0,0093 | 0,8004 | -0,0086 | -0,9221 | 0,0294 | 0,6649
B7 0,0122 | 0,6663 | 0,0359 | 0,0058 | 0,0078 | 0,5076 | -0,0084 | -1,0786 | 0,0309 | 0,6868

In the next stage, the normalization of the decision matrix is created. Then the weighted decision matrix is
created with the use of weights. In this study, the weight values of each criterion were determined as 0.1.
The weighted decision matrix is obtained by multiplying the weights by the normalized decision matrix.
The weighted decision matrix for 2014 is given in Table 4.
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Table 4. Weight values of ratios

Rate Weight
EQUITY / TOTAL ASSETS 0,1
TOTAL LOANS / TOTAL ASSETS 0,1
NON-PERFORMING LOAN/TOTAL LOANS 0,1
FIXED ASSET / TOTAL ASSETS 0,1
LIQUID ASSET / TOTAL ASSET 0,1
LIQUID ASSET / SHORT TERM LIABILITIES 0,1
NET PROFIT FOR THE PERIOD / TOTAL ASSETS 0,1
NET PROFIT FOR THE PERIOD / TOTAL EQUITY 0,1
NET INTEREST INCOME / TOTAL ASSET 0,1
NET INTEREST INCOME / TOTAL OPERATING INCOME 0,1
TOTAL 1

Then the minimum and maximum values are determined by the weighted decision matrix. The minimum
and maximum values is given in Table 5.

Table 5. Weighted decision matrix

Criteria

Banks | K1 K2 K3 K4 K5 K6 K7 K8 K9 K10

Bl 0,0154 | 0,0139 | 0,0098 | 0,0076 | 0,0197 | 0,0511 | 0,2274 | 0,0335 | 0,0148 | 0,0142

B2 0,0193 | 0,0129 | 0,0102 | 0,0343 | 0,0233 | 0,0168 | -0,2532 | -0,0315 | 0,0153 | 0,0162

B3 0,0131 | 0,0138 | 0,0131 | 0,0112 | 0,0120 | 0,0262 | -0,2584 | -0,0623 | 0,0150 | 0,0140

B4 0,0128 | 0,0146 | 0,0195 | 0,0138 | 0,0071 | 0,0007 | 0,3143 | 0,1282 | 0,0145 | 0,0150

B5 0,0197 | 0,0148 | 0,0083 | 0,0145 | 0,0148 | -0,0048 | -0,2504 | -0,0492 | 0,0138 | 0,0133

B6 0,0106 | 0,0149 | 0,0202 | 0,0081 | 0,0125 | 0,0061 | 0,1618 | 0,0375 | 0,0130 | 0,0134

B7 0,0091 | 0,0151 | 0,0190 | 0,0105 | 0,0105 | 0,0039 | 0,1585 | 0,0438 | 0,0136 | 0,0138

After determining the minimum and maximum values, the banks' performance scores and rankings are
determined. The bank performance score for 2014-2018 is given in Table 6.

Table 6. Minimum and maximum values

A* A-

0,019726 0,009081
0,015084 0,012903
0,020164 0,008251
0,034283 0,007588
0,023341 0,007111
0,051131 -0,00483
0,314308 -0,25843
0,128244 -0,06226
0,015312 0,01295

0,01618 0,013349
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Table 7. 2014-2018 Bank performance score

Banks S/ S Score Rank
Bl 0,13187099| 0,498562| 0,790825 2
B2 0,59060601| 0,050411| 0,078643 5
B3 0,60473355| 0,032305| 0,050711 6
B4 0,05721863 0,60377| 0,913435 1
B5 0,59513125| 0,021382| 0,034682 7
B6 0,18552861| 0,432255| 0,699687 3
B7 0,18574147| 0,430434| 0,698557 4
B1 0,39126924 0,40318|  0,507496 3
B2 0,57698005| 0,291482 0,33563 4
B3 0,72417838 0,26011 0,264262 7
B4 0,26291534 0,723031 0,733337 1
B5 0,59209592| 0,275098| 0,317228 5
B6 0,62485095| 0,239192| 0,276829 6
B7 0,3535213 0,477056 0,574367 2
Bl 0,85958377 0,240675 0,218744 6
B2 0,76358766 | 0,510061| 0,400472 2
B3 0,02049332 1,092898|  0,981594 1
B4 0,89262428 0,249144 0,218209 7
B5 0,8192303|  0,458242 0,35871 3
B6 0,93373742 0,499454 0,348491 4
B7 0,84013918| 0,256555| 0,233935 5
B1 0,1330372| 0,030552| 0,186759 6
B2 0,0620899| 0,117389|  0,654054 3
B3 0,04756233 0,14279|  0,750136 2
B4 0,15488455| 0,008293| 0,050821 7
B5 0,03554483| 0,126421| 0,780542 1
B6 0,06683206 | 0,119369| 0,641077 4
B7 0,12917654| 0,031918| 0,198131 5
B1 0,09600826 | 0,033208|  0,256993 7
B2 0,04582924| 0,090926| 0,664883 2
B3 0,04127087 0,10395|  0,715805 1
B4 0,07992006 | 0,055378|  0,409305 5
B5 0,09566189| 0,080598| 0,457267 4
B6 0,08843417 0,06017 0,404901 6
B7 0,06604035 0,062133 0,484758 3

When the 2014-2018 years were analyzed by the TOPSIS method as given in Table 7, it was observed that
there were fluctuations between the TOPSIS performance scores of the banks. The changes of TOPSIS
performance scores over the years are given below:

for 2014: HB> AB> TVB> YKB> ZB> GB> iB,
for 2015: HB> YKB> AB> ZB> IB> TVB> GB,
for 2016: GB> ZB > IB > TVB> YKB> AB> HB,
for 2017: iB > GB > ZB> TVB> YKB> AB> HB
for 2018: GB> ZB> YKB > IB> HB> TVB> AB .
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When the 2014-2018 period is analyzed, it is determined that bank performances vary. It can be said that
this change does not show a regular trend. For example; while HB ranked first on the list in 2014 and 2015,
it was at the end of the list in 2016 in terms of financial performance. Moreover, while the GB bank was in
the lower ranks in 2014 and 2015, it reached the upper ranks in the 2016-2018 period. This is due to the
fact that the dataset includes both state and private banks. Furthermore, the political and economic crises in
the country have different effects on banks. For the other banks, these fluctuations are also valid in different
sizes. When financial values related to banks are taken into consideration, there is a similarity between the
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non-performing loans / total loans ratio and topsis performance scores.

Analysis of Financial Performance of Banks by Fuzzy Topsis Method

First, the decision matrix is created. The decision matrix created with fuzzy TOPSIS method is given in

Table 8.
Table 8. Decision matrix
Code Year B1 B2 B3 B4 B5 B6 B7
K1 2014 |0,020628 |0,025846 | 0,017545|0,017148 | 0,026439 | 0,014255|0,012171
2015 |0,009143|0,008658 | 0,019403|0,016561 |0,012427|0,011456|0,014822
2016 |0,016845|0,018103|0,018036|0,011142|0,015131|0,012097|0,012003
2017 |0,0292350,019875|0,021653|0,014133|0,023136 | 0,015298|0,013362
2018 |0,123517| 0,10099 |0,116967|0,074753 | 0,09946 |0,082261|0,104462
K2 2014 |0,612442|0,569991| 0,6095 |0,646502 |0,653212|0,659493|0,666317
2015 |0,603112| 0,61398 |0,622403|0,670109 | 0,642094 | 0,672186|0,668306
2016 |0,596543|0,649573|0,651203| 0,67913 |0,651884|0,689842|0,674419
2017 |0,602335|0,686277|0,641483|0,661984 | 0,660707 | 0,676095|0,647669
2018 |0,522237|0,654257 | 0,559398 | 0,645369 | 0,520729 | 0,643012 | 0,56928
K3 2014 |0,018519|0,019251|0,024738|0,036819 | 0,015585 | 0,038089 | 0,035894
2015 | 0,02382 | 0,01689 | 0,02782 |0,031588 |0,020356 | 0,039441|0,041635
2016 |0,026394|0,018146|0,028495|0,032702 | 0,024339|0,043743|0,051061
2017 |0,023812|0,0160190,025922| 0,03021 | 0,02257 |0,041754|0,046787
2018 |0,035394|0,015123|0,037094|0,026451 | 0,03845 |0,042327|0,043936
K4 2014 |0,004187|0,018916 | 0,006201|0,007593 | 0,007998 | 0,004481| 0,0058
2015 |0,003366|0,015987|0,012087|0,011183|0,015778 | 0,00756 |0,012224
2016 |0,003229|0,014857|0,011926|0,009998 | 0,014069 | 0,006633|0,010497
2017 | 0,01081 |0,012068| 0,01159 |0,008304 |0,012279|0,005238| 0,00864
2018 |0,0111320,008876|0,010287|0,008109 |0,010263| 0,00745 | 0,008758
K5 2014 |0,014675|0,017364|0,008959| 0,00529 |0,010976|0,009323|0,007805
2015 |0,010131|0,014585| 0,00713 | 0,00427 |0,011952|0,007618|0,008818
2016 |0,009168|0,013164 |0,006699|0,004563|0,011364 | 0,007042 | 0,006584
2017 |0,009701|0,012727|0,007579| 0,00505 |0,011567 | 0,006315| 0,00819
2018 |0,084904| 0,07124 |0,103635/|0,090044 | 0,080287 | 0,093589 | 0,148684
K6 2014 |6,696827 |2,200196 | 3,427497| 0,09773 | -0,6328 |0,800429|0,507639
2015 |3,315724|3,006268 | 0,646079|1,279218 | 1,509432 | -0,60555 | 7,881935
2016 |1,147222|1,343235]-11,1394 | 0,099967 | 2,185335 | 4,204589 | 0,509731
2017 | 0,71661 |1,386764 | 2,45169 |0,087448|9,776749|0,157454|1,574148
2018 | -2,48684 |3,405254 | 10,2055 |3,392841 | -5,32421 | 4,299422 | 2,888542
K7 2014 |-0,01208 |0,013449|0,013729| -0,0167 |0,013304| -0,0086 | -0,00842
2015 -0,0101 |0,013375|0,014446 | -0,01465 | 0,012268 | 0,009583 | -0,0137
2016 |-0,00944 | 0,01443 |0,011988| -0,00953 | 0,009892 | 0,009081 | -0,00813
2017 |-0,00743|0,015143|0,015591| -0,00758 | 0,012974 | 0,00999 | -0,00625
2018 | -0,00095 | -0,00675 | -0,00289 | 0,000384 | -0,00814 | 0,001868| -0,00173
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K8 2014 | -0,823350,774572|1,532519 | -3,15661 | 1,212107 | -0,92208 | -1,07857
2015 |-0,99728|0,917024|2,025908 | -3,43205 | 1,026462 | 1,257999 | -1,55319
2016 |-1,03023 |1,096144|1,789473 | -2,08882 | 0,870499 | 1,289599 | -1,23548
2017 | -0,76546 | 1,189907| 2,0572 |-1,50156 |1,121645|1,582006 | -0,76284
2018 | -0,08499 | -0,75997 | -0,28084 | 0,047414 | -0,79365 | 0,250673 | -0,19804
K9 2014 |0,033688|0,034761|0,033998 | 0,032888| 0,03135 |0,029399 | 0,030936
2015 |0,031249| 0,0347 |0,036334|0,030165| 0,03259 |0,029989|0,031049
2016 |0,029321|0,038988|0,039052 | 0,030058 | 0,034777 | 0,032778 | 0,030198
2017 |0,033367| 0,03892 |0,044486 | 0,025546| 0,03645 |0,031864 | 0,030929
2018 |0,041068 | 0,038558|0,047877 | 0,020812|0,034111 | 0,031455| 0,03734
K10 2014 |0,705968| 0,80311 |0,696737 | 0,743451|0,662617 | 0,6649 |0,686849
2015 |0,707996|0,796347|0,769466 | 0,740609 | 0,738381 | 0,720244 | 0,731533
2016 |0,651708|0,810145|0,748349|0,746253|0,729413|0,735101 | 0,688532
2017 |0,746476| 0,84647 | 0,84014 | 0,72688 | 0,796714|0,725502 | 0,726843
2018 |0,880241|1,117912|0,867261 | 0,905804 | 1,091064 | 0,790196 | 0,888478

In the next stage, the normalization of the decision matrix is created. Then weighted fuzzy normalized
decision matrix is created with the use of weights. The criterion weights are determined by equation 11.
The weight values of ratios are given in Table 9 while the weighted fuzzy normalized decision matrix is
given in Table 10.

Table 9. Weight values of ratios

Rate Weight
EQUITY / TOTAL ASSETS 0,19
TOTAL LOANS / TOTAL ASSETS 0,1
NON-PERFORMING LOAN/TOTAL LOANS 0,01
FIXED ASSET / TOTAL ASSETS 0,1
LIQUID ASSET / TOTAL ASSET 0,2016
LIQUID ASSET / SHORT TERM LIABILITIES 0,0084
NET PROFIT FOR THE PERIOD / TOTAL ASSETS 0,02
NET PROFIT FOR THE PERIOD / TOTAL EQUITY 0,17
NET INTEREST INCOME / TOTAL ASSET 0,19
NET INTEREST INCOME / TOTAL OPERATING INCOME 0,01
TOTAL 1
Table 10. Weighted fuzzy normalized decision matrix
Code |B1 B2 B3 B4 B5 B6 B7
K1 0,089537 | 0,084787| 0,126085 | 0,091854 | 0,121693 | 0,099421 0,086842
0,198646 | 0,186262 | 0,206509 | 0,152297| 0,193465 | 0,141889 0,15153
0,19 0,19 0,19| 0,16217 0,19| 0,12697 0,160689
K2 0,079821 | 0,085543| 0,085501| 0,09646|0,079591 | 0,098281 0,087012
0,087141|0,094209| 0,091488 |0,098053|0,092784 | 0,099155 0,095715
0,091915 0,1| 0,094399|0,099691 | 0,098033 0,1 0,1
K3 0,004862 | 0,003424| 0,00554 | 0,00602 | 0,004092 | 0,008567 0,009424
0,005779 | 0,003906 | 0,006548 | 0,007227 | 0,005465| 0,00932 0,009885
0,008056 | 0,005054 | 0,008443 | 0,009667 | 0,008751 0,01 0,01
K4 0,021056 | 0,079735| 0,032779| 0,04014|0,042284| 0,02369 0,030663
0,050594 | 0,095604| 0,07509 | 0,063572 | 0,085573 | 0,045043 0,065364
0,1 0,1| 0,094389|0,072838 0,11]0,066924 0,078676
0,115121|0,096594| 0,09856 | 0,059016 | 0,108861 | 0,100032 0,090624
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K5 0,143923|0,180599| 0,113147|0,078478|0,151752 | 0,109662 0,128935
0,170382| 0,2016| 0,140519|0,1220910,183232 | 0,126898 0,2016
K6 -0,00205|0,001191| -0,02225 | 7,51E-05| -0,00438 | -0,00065 0,000637
0,002559 | 0,002528 | -0,00135|0,000911| 0,00184 | 0,002487 0,002757

0,0084 | 0,003204 0,0084|0,002793| 0,0084| 0,0084 0,0084

K7 -0,0176 | -0,07224| -0,03094 | -0,02432| -0,08722 | -0,01252 -0,01896
-0,01287|0,001059| 0,009135]| -0,01269| -0,0041| 0,00923 -0,01382
-0,00953 0,02 0,02]0,004117|0,019381 0,02 -0,00801

K8 -0,09787| -0,51539| -0,19046 | -0,35016 | -0,53823 | -0,10229 -0,1343
-0,07876| -0,03001| 0,097908| -0,1857| -0,02845 | 0,085304 -0,11294
-0,05764|0,104134 0,17]0,032155 | 0,134457 0,17 -0,06304

K9 0,14251|0,153018| 0,185827|0,082592|0,135369 | 0,124831 0,132099
0,159137|0,176077| 0,189165 | 0,135088 | 0,160404 | 0,147582 0,151733
0,184136 0,19 0,19]0,179762 | 0,171357 | 0,160693 0,169095
K10 0,007874 0,01| 0,007758]|0,008103|0,008251|0,007068 0,007948
0,008484 0,01| 0,009052|0,008892| 0,00914|0,008407 0,008554
0,008891 0,01| 0,009925| 0,0093| 0,00976]0,009074 0,009186

After calculating the weighted normalized fuzzy decision matrix, the fuzzy positive ideal solution and fuzzy
negative ideal solution are calculated and the distance to the positive and negative ideal solution points for
each alternative is calculated. The results are given in Table 11.

Table 11. Total value of distances to positive and negative ideal solution score
d; di

9,289132 0,791839
9,196336 0,899704
9,230456 0,846162
9,285832 0,774616
9,225778 0,857058

9,34665 0,699068
9,301128 0,758928

Finally, the proximity coefficient is calculated for each bank

0,74588
9,326003+0,74588

CCz, =0,08882
CCgs =0,080792
CCg, =0,074761
CCgs =0,083301
CCge =0,066116
CCg, =0,07127 .

The study of banks' financial results in 2014-2018 using Fuzzy TOPSIS method reveals ZB, IB and GB
banks are the top three most profitable banks. The YKB has been found to be the bank with the worst
financial return. The average bank results between these years were found to be 0.079.

The output of HB, TVB and YKB banks for the period 2014-2018 was shown to be below average. The
three largest banks that performed better than their average performance were observed.

The ranking of banks' financial performances is: ZB> IB> GB> HB> AB > TVB> YKB.

CCBl = 20,074056
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The most important parameters were asset ratio and liquidity ratio when the parameter weights were
compared. Based on these parameters, during this time ZB and IB banks performed better. Total assets have
been defined as a distinguishing criterion among the criteria.

3. RESULTS AND DISCUSSION

Banks, which form an important part of the money and financial markets, are the commercial institutions
that make capital, money and credit transactions. A strong and profitable banking system contributes to
financial continuity. Therefore, the performance of the banking system is important for each production
and service unit in the economy. Banks' performance analysis and evaluation of the results enable them to
work effectively and efficiently. In this study, based on relevant criteria, the first seven banks were ranked
in total assets according to reports received from The Banks Association of Turkey for 2014-2018 financial
year and a performance evaluation was done by using the TOPSIS and Fuzzy TOPSIS method. Firstly, the
findings were tested using TOPSIS method. The standardization process was first applied to the data during
the TOPSIS evaluation process. Afterwards, by increasing the weighted standardisation matrix, the
corresponding parameters were obtained.

Fuzzy TOPSIS method is a method that gives very robust results in a highly uncertain environment among
multi-criteria decision-making methods. The 5-year success ranking of the banks was analyzed in the Fuzzy
TOPSIS method. The normalization process was primarily carried out on data from 2014-2018 during the
assessment using the Fuzzy TOPSIS method. Then, the fuzzy TOPSIS application was carried out using
triangular fuzzy numbers by the data. At the conclusion of the assessment conducted on Fuzzy TOPSIS,
ZB, IB and GB hanks were among the three best-performing banks. The fuzzy TOPSIS scores of these
three banks were found to be above average.

As a result, financial performances of banks were analyzed with different statistical methods. However,
studies on this subject using Fuzzy Topsis method are limited. Moreover, in this study, a comparison of the
two methods was made. When findings from TOPSIS and Fuzzy TOPSIS were compared, different results
were found for each method. Financial performance could be evaluated annually in TOPSIS method. Thus,
financial performance changes can be compared on a yearly basis. However, in the fuzzy TOPSIS method,
only an entire period can be assesed.

Considering the results of the study, it can be said that both methods give meaningful results when previous
studies are considered. However, the difference in approach in terms of the period evaluated by the two
methods does not allow to make a one-to-one comparison of the banks' financial performance.

Financial analysis of the banks can be done in many ways. Some of these are CAMLES, DEA, AHP,
MOORS, WASPAS, COPRAS, TOPSIS. However, in today's conditions, fuzzy methods are being used in
financial performance analysis with increasing uncertainty and competition environments.

One way for banks to adapt to changing conditions and to cope with crisis periods is to analyze financial
ratios correctly. This is also vital condition for growth. That is, the accuracy and interpretation of these ratio
analysis results, which will be considered as an early warning system, gain importance day by day. Finally,
the approaches made using different methods and the importance of comparing them should be taken into
consideration in the analysis process.

The next objective is to evaluate the financial performance of banks by expanding the dataset used and
applying other methods. The method considered in this regard is Data Envelopment Analysis. Thus, it will
be seen what difference this method, which was applied to studies previously conducted by using other
variables, will make based on the asset size of the banks. Another study subject will be to perform financial
performance of banks by grouping them out of asset size and using different financial ratios by applying
TOPSIS, Fuzzy TOPSIS and Data Envelopment Analysis.
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