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Abstract

This study includes an empirical review of the financial failure of enterprises. For the empirical
analysis, 2008-2014 period data for enterprises operating in the Food and Drink Sector traded on
BIST (Borsa Istanbul), were used. The financial failures of these enterprises were first
determined according to the Altman Z-Score method, and the financial success rankings of the
enterprises were then determined by the VIKOR (VIseKriterijumsa Optimizacija I Kompromisno
Resenje) method, which is one of the MCDM (Multiple Criteria Decision-Making) methods. The
empirical analysis results obtained from these two different methods have been comparatively
evaluated and interpreted.

In this study, the VIKOR method is suggested as an alternative method for financial failure
analysis.
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1. Introduction

There are many different methods besides the Altman Z-Score in determining the financial
failure of enterprises. In this context, ANNs (Artificial Neural Networks) (Kili¢ & Seyrek, 2012;
Akkaya et al., 2009; Akay & Gokdemir, 2015), Logit Models (Akay & Gokdemir, 2015), GRA
(Grey Relational Analysis) and Logistic Regression Analysis (Bas & Cakmak, 2012), Data
Mining and Logistic Regression Analysis (Kaygin et al., 2016), Factor Analysis and
Discriminant Analysis (Cengiz et al., 2015; Selimoglu & Orhan, 2015), are used by researchers
to determine financial failure. The literature from outside the finance sector was taken into
account in the study.

The study focuses on the measurement and comparison of the financial activities of selected food
and drink enterprises traded on BIST. In the second chapter after the introduction, the literature
on the subject is included in the search. In the third chapter, the Altman Z-Score and VIKOR are
explained. In the fourth section, the financial performance analysis results of the firms are given
comparatively by years. In the fifth section, the conclusions and suggestions reached are
discussed.

2. Literature review

Literature Review of Altman Z-Score

Many studies from different sectors are included in the literature in order to determine the
financial failures of the enterprises. In this context, the financial performance or financial success
/ failure of the enterprises are determined with the help of financial ratios (Bagci, 2015).

The efforts to determine the financial failures of businesses first began with corporate
bankruptcies, which took place with the Great Depression of 1929. In this framework, the first
study on the financial failure prediction of businesses is the discriminant analysis developed by
R.A. Fisher (1936). One of the most important contributions to the development of models for
financial failure prediction is the work done by Beaver (1966). In this study, 5-year periods of
enterprises were examined. The profitability ratios, the liquidity ratios, and the ratios showing
debt repayment power were the basic variables used by Beaver in predicting financial failure
(Beaver, 1966).

Z-Score (Altman, 1968), developed by Altman, is one of the most widely accepted methods of
determining financial failure. This method has become widespread due to its reliance on
accounting data and ease of implementation. The high success rate of the method is another
reason for the frequency of its use (Kulali, 2016).

The Z-Score method is used in academic literature applications and is also used by institutions
and organizations in the real sector to achieve different goals. Market surveillance, early
warning, corporate risk measurement, and rating procedures are some examples. On the other
hand, there are different business financial failure prediction models developed by Altman
(Ozdemir, 2014). There are many studies that have tried to determine financial failure with the
Altman Z-Score method. Some of these studies are summarized below:

A new model has been developed by Almamy et al. (2016), adding the cash flow variable to the
Altman Z-Score method. Using this model, the financial success of the enterprises was
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determined during the financial crisis in England. In the study, the data for the years 2000-2013
were used. As a result of the study, it was determined that the predictive power of the new model
(J-UK) was 82.9% which shows the correctly classification of the non failed companies involved
in the analysis.

Ko et al. (2016) used the Altman Z-Score method to determine the financial performances of
solar energy companies in Taiwan. For empirical analysis, 2009-2014 period data from the
energy sector was used, drawn from the Taiwan Economic Journal database. The findings show
that companies experiencing financial difficulties experience a decline in profitability.

In the research study implemented by Kulali (2016), the Altman Z-Score model was applied to
the financial data of 19 companies that went bankrupt when trading in the BIST between 2000-
2013. By applying Altman Z-Score model in order to predict financial failure of the companies
involved in the analysis, the financial failure was estimated by 95% one year 90% two years
earlier which shows the success of the Altman Z-Score model in predicting financial failure.

In the study conducted by Rybarova et al. (2016), the financial failures of the enterprises were
determined using a 2013 dataset of 109 operators in the Slovak Republic construction sector. The
analysed operators were only the businesses with a turnover over 10 million EUR. For the
analysis were used three variants of Altman Z-Score - Altman Z-Score by Neumaier (Z1),
Altman Z-Score for non-productive and start-ups businesses (Z2) and Altman Z-Score for other
businesses (Z3). Evaluation of the financial stability of the company by selected models of
Altman Z-Score is compared with the business's rating by solvency index, which develops the
business Creditreform, s.r.o. to verify the results of bankruptcy models. Solvency index was
grouped into the three zones based on the final results in order to ensure comparability with the
empirical results obtained according to Altman Z-Score. In the study, when the results of
solvency index were compared with the results of Altman Z-Score, the results would be almost
same by the third variant of Altman Z-Score - Altman Z-Score for other businesses.
Consequently, for the results’ verifying of the analysis through Altman Z-Score for other
businesses are recommended to carry out further analysis of the construction industry.

Toraman and Karaca (2016) proposed a new model based on the Altman-Z-Score for the
financial failure analysis of the firms with a financial dataset of 17 firms (2010-2013) in the
BIST Chemical sector. Altman Z-Score Model classifies firms into three zones with respect to
their calculated Z-Scores. When Z<1.81 refers to high risk (distress zone), 1.81<Z<3 displays
shows neutrality (grey zone) and Z>3 means there is no risk of financial failure (safe zone).
According to aforementioned information, it is assumed that Z <3 criterion is in the financial risk
zone based on the experience of researchers and the dependent variable is determined
accordingly to perform Binary Logistic Regression Analysis (BLRA). In the study, BLRA is
used because the dependent variable is categorical with two options (successful / unsuccessful).
The independent variables which may have impact on Z-Score were selected among Liquidity,
Turnover, Leverage and Profitibility Ratios which are normally distributed. The logistic
regression analysis has shown that net working capital in total assets, share of stocks, and total
debts all have a significant effect on the financial performances of the enterprises.

Bagc1 (2015) conducted a study to analyze the financial situation of the firms in textile and
apparel industry and to understand the situation of the industry in the face of a possible economic
crisis. By using the financial data of 24 companies operating in the textile and apparel industry
traded on BIST between 2008-2013, the financial situation of firms was examined by performing

79



AABFJ | Volume 12, no. 1, 2018

ratio analysis technique. And for the same period by employing Altman Z-Score model
developed by Edward Altman (1966), Z-scores were calculated by using the financial ratios of
the textile industry consisting the entire textile industry firms traded on BIST. According to the
empirical results, revealing Z-Scores between 2008-2013 were 0.63, 0.57, 0.60, 0.62, 0.63, 0.67
respectively which shows that the industry is exposed to high risk in terms of financial failure.

Yilmaz and Yildiran (2015) wanted to test the estimated capacity of the Altman Z-Score method
with financial data covering the years 2001-2006 for 18 bankrupt firms and 18 successful firms
listed in BIST. Using the financial ratios of companies and their Altman Z-Score values, it is
estimated how close each business is to bankruptcy. Then, these estimates were compared with
actual data from BIST. In these comparisons, it was found that the Altman Z-Score estimated 16
out of 18 successful firms and 10 out of 14 unsuccessful firms. Discriminant Analysis was
conducted to understand which of the financial ratios used in the Altman Model better
distinguishes financial success and failure. Except for Retail Earnings / Total Assets, the
remaining four ratios in Altman Model are useful in differentiating successful and bankrupt
businesses. It is also determined by empirical analysis that discriminant analysis correctly
predicts successful and unsuccessful businesses at a rate of 94%.

A study conducted by Bozkurt (2014) aimed to determine the models that best explain the
systematic change of risk for bankruptcy probabilities of firms traded on BIST. A total of
127,008 observations were used from the quarterly periods between March 2005 and December
2011 of 168 firms that were traded on BIST. This dataset used standardized normal distribution
values of eight different model scores to determine firm bankruptcy risks. The study found that
the probability of high bankruptcy increases the systematic risk, and that Altman-Z, Ohlson-O,
and Springate-S bankruptcy models are all effective models for BIST.

Civan and Day1 (2014) aimed to measure the financial failures of the enterprises with the data for
2008-2012 of the health enterprises affiliated with the Zonguldak Public Hospitals Union.
Altman Z-Score and ANNs methods were applied to the dataset. According to Altman Z-Score
results, it is estimated that the number of unsuccessful enterprises is 4%, and that of firms with a
95% chance of failing within one year is 27%. In addition, 31% of businesses were classified as
unsuccessful, and 69% were classified as successful. On the other hand, the ANNs models
showed a classification success of 85%. Unsuccessful firms were estimated incorrectly for 2
periods, while they were correctly estimated for 27 periods. In the classification model, it is
estimated that 100% of the companies are successful.

Mishu and Codreanu (2014) aimed to identify and analyze the financial success and bankruptcy
situation of construction companies in Romania. Conan and Holder applied Altman methods to
the dataset containing the years 2008-2012. The results obtained were analyzed comparatively.

Different Altman Z-Score models were applied by Ozdemir (2014) using financial data based on
the Uniform Accounting System (UAS) in Turkey. It was aimed at empirically evaluating the
applicability of the Z-Score models, both to publicly traded and non-traded enterprises in
Turkey. This model has been applied to 80 of the publicly traded (large enterprise) and 62 non-
traded (small - or medium - scale) enterprises with a total of 142 manufacturing operations with
three different Z-Score methods. It was determined in the study that the overall success of the
Altman Z-Score models for both publicly traded and non-traded enterprises is low due to high
error rates. Looking at the coherence of the unsuccessful groupings of Z-Score models, publicly-
owned enterprises have achieved close results. On the other hand, in publicly-owned enterprises,
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it was determined that there is a level of harmony of 96.67% in terms of the classification results
for the Z-Score models.

Rim and Roy (2014) identified the financial failures of the manufacturing enterprises in Lebanon
by the Altman Z-Score method. The analysis data included 11 enterprises, including the years
2009-2011. In the study, the financial failures of enterprises were determined comparatively by
years. Besides predicting financial failures of enterprises operating in financial and non-financial
industries, the study found that the Altman Z-Score can serve as a barometer for classifying
Lebanese manufacturing enterprises within the same sub-business sector.

Yildiz (2014) determined the Altman Z-Score values by using the financial dataset of 35 firms in
BIST-100 Index. In addition, by incorporating the corporate governance index, a dual logistic
regression method was used to determine the "investable" or "non-investable" status of the firms.
In this study, it was determined that there was a meaningful relationship between companies'
investable positions and Altman Z-Scores. On the other hand, it was found that there was no
significant relationship between corporate governance indices and investable positions. The
results of this analysis determined that the financial dataset were effective in the evaluation of
the company, and that it did not adequately reflect the ratings of corporate governance.

Iskenderoglu and Karakozak (2013) examined the effect of the 2008 global crisis on the financial
ratios of BIST-manufacturing enterprises. In the study, various financial ratios and Altman Z-
Score values of 158 manufacturing companies were calculated for the 2007-2011 period.
According to the Altman Z-Score, it was determined that bankruptcy risks of the firms increased
from the first quarter of 2008 to the last quarter of 2009.

In the study conducted by Zeytinoglu and Akarim (2013), discriminant analysis was applied to
the 20 financial ratios that were formed by using the dataset of 115 firms that were traded on
BIST between 2009-2011. Subsequently, the Altman Z-Score method was applied to determine
the financial success of the businesses. In the study, capital adequacy and net working capital /
asset ratios were found to be important for three periods. According to the generated models, the
classification success was 88.7% for 2009, 90.4% for 2010, and 92.2% for 2011, respectively.

Yi (2012) examined the effectiveness of the Altman Z-Score method in determining the financial
failures of the 40 real estate investment companies whose shares are traded on China using the
financial dataset. As a result of the study, Altman Z-score model is suitable for early warning of
China’s listed real estate companies to some extent, but the accuracy rate of its prediction is
lower than 90% (86.7%), which is not very high. There are two reasons why its accuracy rate is
not high enough. Firstly, due to the difference between China and US securities markets, the
model established with the financial data of US companies examined by Professor Altman is not
very suitable for the research of financial early warning system of China’s listed companies;
secondly, Z-Score early warning model established by professor Altman fits listed non-
manufacturing companies, but those listed non-manufacturing companies, which cover many
different industries, have not been classified in a detailed way, so this model has very low
practicality.

Terzi (2011) determined the Altman Z-Score values using the 2009-2010 financial dataset for the
22 companies listed in the BIST food sector. Six ratios were determined for the model generated
by single and multiple statistical analyses. It was determined that the developed model had an
accuracy rate of 90.9%. In addition, with the applied discriminant analysis, it was determined

81



AABFJ | Volume 12, no. 1, 2018

that the return on assets ratio and debt-equity ratio had impact on determining the financial
success of the companies.

Poyraz and U¢ma (2006) aimed to measure the financial failure levels of the tourism, textile,
agricultural products-food, and transportation and vehicles sectors in the crises of 1994 and 2001
with the Altman Z-Score model. In this study, the Central Bank of the Republic of Turkey
(CBRT) sector balance sheet data was used for the 1992-2003 period. According to the Altman
Z-Score model, the sectors of tourism, textile, agricultural products-food and transport, which
constitute the main exporting sectors, were not affected much by the 1994 and 2001 financial
crises.

Grice and Ingram (2001) proposed the generalization of the Altman Z-Score financial failure
prediction model. In this study, a dataset for 972 companies for the years 1985-1987 and 902
companies for 1988-1991 were used. The study sought answers to three questions. First, is
Altman's original model useful in predicting recent bankruptcies? Second, is it useful in
estimating the bankruptcies of non-manufacturing firms as well as manufacturing firms? Third,
is it useful for predicting bankruptcy as well as financial distress conditions? The results
consistent with the Altman Z-Score model.

Literature Review on VIKOR Method

Cevik and Goksen (2016) presented a decision support system based on the AHP (Analytical
Hierarchy Process) -VIKOR integration in the evaluation of investment projects.

In the work done by Kara and Ecer (2016), the choice of best supplier is made by using AHP and
VIKOR integration method in a textile firm in Usak Province. In the study, the four main criteria
for supplier selection are cost, quality, delivery, profile and flexibility, and 12 subcriteria such as
unit price, transportation cost, defect rate, quality problem analysis, product quality, fulfillment
of delivery time, fulfillment of delivery quantity, supplier's financial structure, image, capability
and capacity of the supplier, warranty, and after-sales services have been identified. In this study,
the AHP method was used to determine the relative importance of the criteria, and the VIKOR
method was used to rank the alternatives. According to the analysis results, the delivery criterion
has the highest weight (0.377), and the second most important criterion was quality (0.196).
Then, in terms of weighted value, it was determined that elasticity is 0.186, cost is 0.135, and
profile is 0.107.

The integrated approach of AHP and VIKOR is employed by Demircanli and Kundakc1 (2015)
to evaluate the performance of forward football players. According to the proposed approach,
firstly AHP method is used to determine the weights of the criteria and then with the help of
VIKOR method the ranking of alternatives are determined and a compromise solution is
obtained. In the empirical analysis section, the proposed approach is used to evaluate the
performance of forward football players and a ranking between these players according to the
performance is obtained.

In the study conducted by Liu et al. (2015), failure and impact analysis were emphasized, but
some deficiencies were emphasized. For this purpose, a new VIKOR method is proposed using
Fuzzy-AHP and Entropy methods to determine the risk factors of failure. This model aimed to
help with potential applications.
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Rostamzadeh et al. (2015) illustrated the case of a laptop manufacturer in Malaysia that pursues
to evaluate green supply chain management (GSCM) indicators among its practitioners. They
developed a quantitative evaluation model to measure the uncertainty of GSCM activities and
applied an approach based on VIKOR method which is an extension of intuitionistic fuzzy
environment aiming to solve the green multi-criteria decision making (GMCDM) problem. The
criteria used in the model were co-design, green production, green purchasing, green recycling,
green transportation, and green storage. The triangular fuzzy numbers (TFNs) were used to
handle imprecise numerical quantities. Then, a hierarchical MCDM model was proposed based
on fuzzy sets theory and VIKOR method to deal with the problem. The results showed the
alternative ranks of the four evaluated companies which was based on their performance in
GSCM initiatives.

Onder and Yildirim (2014) proposed a model of 11 logistic hubs ranking in Turkey by using
AHP and VIKOR methods simultaneously. Subjective and objective opinions of logistic
managers / experts turned into quantitative form with AHP. VIKOR technique was used for
calculating the logistic villages’ ranks. They aimed to rank the 11 logistic villages in Turkey
including Istanbul (Halkali), Balikesir (Gokkdy), Eskisehir (Hasanbey), Izmit (Kosekdy), Usak,
Denizli (Kaklik), Samsun (Gelemen), Mersin (Yenice), Kayseri (Bogazkoprii), Konya (Kayacik)
and Erzurum (Palanddken). According to the ranking result, Samsun (Gelemen) became the first,
while Balikesir (Gokkoy) took the last place.

Rezaie et al. (2014) aimed to determine the financial performance of 27 cement companies
traded on the Iranian Stock Exchange through the integrated fuzzy AHP-VIKOR model. In this
study, a 2008-2009 period dataset of companies was used. As a result of the empirical analysis,
the ranking of firms according to their performances was made.

Shen et al. (2014) conducted a stock selection with the VIKOR-DANP (DEMATEL-based
Analytical Network Process) intercept model, except for the classic investment behavior, using
the May 2009-December 2012 period dataset for the 4 most traded shares of the semiconductor
sector in the Taiwanese stock market. The results show that the model is effective in stock
selection.

In the study conducted by Uygurtiirk and Uygurtiirk (2014), a model integrated with AHP and
VIKOR methods was proposed for hotel selection and evaluation. The selection and evaluation
criteria included distance to the airport, number of a la carte restaurants, number of swimming
pools, distance to the sea, distance to the city center, and beach length.

Chiu et al. (2013) created a hybrid VIKOR model in order to increase the satisfaction level of
customers who buy products from Internet stores in order to form a marketing strategy. This
model has been tested with three samples. If customer satisfaction is increased with the model,
customers on the Internet will be able to purchase more products, resulting in the need for
information-based applications.

Cakir and Pergin (2013) determined the financial performance of 10 logistics companies in a
Fortune 500 company list of FORTUNE Turkey magazine in 2011. SAW (Simple Additive
Weighting), TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) and
VIKOR methods were applied to this dataset. In the study, variables such as owned funds, assets,
leverage ratio, number of employees, net sales, and net profit margin were used. The proposed
integrated model and performance measurement provided satisfactory results.
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Liu et al. (2013) developed a model based on the VIKOR method for the elimination of health
waste in the city of Shanghai, which takes management's views into account. In this model,
decision alternatives for burning of health waste, steam sterilization, microwave and storage
options were identified. It was determined that comparative results were achieved with the
application.

Akytiz’s (2012) study of a company that produces furniture pieces has addressed the packaging
supplier selection problem with the Fuzzy-VIKOR method and concluded that the two
alternatives are conciliatory solutions.

Girubha and Vinodh (2012) looked at material selection in the production of electric car spare
parts with a rational model including environmental impact analysis and Fuzzy-VIKOR method.
Within the framework of the model and application requirements and material parameters, the
results showed that polypropylene material was the best solution.

Ozden et al. (2012) measured the financial performances of 6 cement companies that were traded
on BIST using the VIKOR method, and they were ranked according to these performances. The
company with the highest financial performance in this framework was KONYA Cement, and
the company with the lowest financial performance was AFYON Cement.

Yalcin et al. (2012) determined the accounting-based financial performance and value-based
financial performance of manufacturing companies in Turkey with Fuzzy-AHP weighing and a
TOPSIS-VIKOR integreted model. The performance results obtained by both methods yielded
approximately the same result.

Wang and Tzeng (2012) assessed brand marketing by using ANP (Analytic Network Process)
and VIKOR methods based on creative brand value for customer satisfaction of 3 electronics
manufacturing companies in Taiwan. According to the empirical results, the overall satisfaction
is highest in F, (second firm) company in brand marketing.

Bazzazi et al. (2011) developed a model with a modified VIKOR to determine the preferred
equipment for open mines. It was found that the developed model could easily be adapted to the
size of mines due to its flexible structure.

Jahan et al. (2011) developed a new VIKOR model in order to evaluate alternative materials in
design engineering according to different criteria based on the selection problem objective. With
the help of the model proposed in the study, the choice of materials was confirmed and proven
with 5 examples, especially in the field of implant application.

Kaya and Kahraman (2011) proposed the integrated VIKOR and AHP approach for the selection
of the areas to be forested in Istanbul in terms of numerical and verbal data. Considering the
ecological, economic, and socio-political criteria, different alternatives were evaluated, and
Omerli was identified as the most suitable forestation area.

Kuo and Liang (2011) analyzed the service quality of 7 major North Asian International Airports
with the integrated VIKOR and GRA model. According to the results of the study, using an
integrated model to provide quality of service, including subjective evaluations, is an effective
approach.

Liou et al. (2011) developed a modified VIKOR model to improve the service quality of
domestic airline companies operating in Taiwan. The proposed model helps decision-makers
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understand the difference between the quality of the service offered by the company and the
quality of service demanded. For this purpose, managers will be able to make decisions in
accordance with clients’ needs in order to improve the quality of service requested.

Shemshadi et al. (2011) developed a Fuzzy-VIKOR model that included entropy weighting and
quantification of decision-maker considerations in the choice of potential suppliers. The model
proposed in the study was proven with application practices and sample applications.

Yang et al. (2009) developed a multi-criteria decision-making model based on VIKOR in
assessing increased information security risks. In addition to being effective for new model risk
management, teams and managers are helping to understand performance practices.

3. Data and Methodology
Data and Sample
BIST Food and Beverages Index includes 21 companies. For 18 companies, full data was

obtained from www.kap.gov.tr for the 2008-2014 period. For this reason, the data of firms listed
below are used for empirical analysis.

Table 1: Names of Companies and Their Stock Codes

Names of Companies Stock Codes

1 ALTINYAG KOMBINALARI A.S. ALYAG
2 ANADOLU EFES BIRACILIK VE MALT SANAYI A.S. AEFES
3  BANVIT BANDIRMA VITAMINL] YEM SANAYII A.S. BANVT
4 COCA-COLA ICECEK A.S. CCOLA
5 ERSUMEYVE VE GIDA SANAYI A.S. ERSU

6 KENT GIDA MADDELERI SANAYIi VE TICARET A.S. KENT

7 KEREVITAS GIDA SANAYI VE TICARET A.S. KERVT
8 KONFRUT GIDA SANAYI VE TICARET A.S. KNFRT
9 KRISTAL KOLA VE MESRUBAT SANAYI TICARET A S. KRSTL
10 MERKO GIDA SANAYI VE TICARET A.S. MERKO
11 PENGUEN GIDA SANAYI A.S. PENGD
12 PINAR ENTEGRE ET VE UN SANAYII A S. PETUN
13 PINAR SU SANAYI VE TICARET A.S. PINSU
14 PINAR SUT MAMULLERI SANAYII A.S. PNSUT
15 TAT GIDA SANAYIA.S. TATGD
16 TURK TUBORG BiRA VE MALT SANAYII A.S. TBORG
17 TUKAS GIDA SANAYI VE TICARET A.S. TUKAS
18 ULKER BISKUVI SANAYT A.S. ULKER

Methodology

The research data will first be applied to the Altman Z-Score Model, then the VIKOR method
will be applied.

Altman Z-Score Methodology
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Altman has improved the Z-Score method based on discriminant analysis. In this framework,
five variables describing the financial failure of businesses have been formulated as follows:

7=0.012X,+0.014X,+0.033X3+0.006X4+0.999X5 (1)
X;= Working Capital / Total Assets

X,= Retained Earnings / Total Assets

Xs=Earnings Before Interest and Taxes / Total Assets

X4=Market Value of Equity / Book Value of Total Liabilities

Xs=Sales / Total Assets

Z=Altman Z-Score

The sample size of the financial failure studies of enterprises made by Altman consists of 66
firms. In the results of this study, businesses with a Z-value greater than 2.99 would not be
settled in a possible economic crisis, and businesses with a Z-value of less than 1.81 would sink
in a possible economic crisis (Altman, 1968: 606). In our study, we adapted the modified Altman
Z Score model from the research studies implemented by Terzi (2015) and Kulal1 (2016)

VIKOR Methodology
Weighting by Entropy Method

Entropy has become an important concept in the social sciences as well as the physical sciences
(Capocelli & De Luca, 1973; Nijkamp, 1977). For information theory, entropy has a very useful
meaning; namely, thatentropy measures the expected information content of a particular message
(Hwang & Yoon, 1981). In information theory, entropy is a criterion for the amount of
uncertainty presented by the discrete probability distribution P; (Jaynes, 1957). This measure of
uncertainty is given by Shannon (1948) with the following equation:

n
S(P1, D2 1 Pn) = —kzj _ (Pilnp; 2)

Where k is a constant coefficient. Since the entropy expression is first found in statistical
mechanics, it is called the entropy of p; probability distribution. Therefore, the terms "entropy"
and "uncertainty" are considered synonymous (Hwang & Yoon, 1981). When all p; values take
pi= 1 /n, Shas the greatest uncertainty.

Entropy can be used as a tool for evaluating criteria (Nijkamp, 1977; Zeleny, 1974) if given a
decision matrix containing information for a certain amount of alternatives.The idea of entropy is
particularly useful when examining the contrast between datasets.If a criterion has very similar
values to its alternatives, then this criterion is of little importance. Even if all the alternatives
have the same values, the criterion is ignored. The entropy method measures the uncertainty in
the dataset and measures the variance of the dataset with this uncertainty value.For each
criterion, the value of the variation value in the total variance gives the weight value of the
criterion.
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The process of determining the weighted value for the criteria by the entropy method is
summarized as follows (Hwang & Yoon, 1981);

Let mxn-dimensional decision matrix of a decision making problem with m alternatives and n
criteria be given as follows:

OSSR A &
Al ‘xll x12 ™ xlj . xln‘
AZ x21 x22 e xzj s xzn

D — : . . . . . . 3
Ai Xi1 Xi> xij Xin ( )
Am [ Xm1 Xm2 - xmj e Xmnld

mxn

Where, x;; is the success value of the i*" alternative, in the j** criterion,i = 1,2, ...,m; j =
1,2,..,n.

The values in row 4; indicate the success values according to all the criteria of the i*" alternative,
and the values in column X; indicate the success values of all the alternatives according to the j*"
criterion.

First of all, since the criteria have different scales, a normalization process is performed in order
to make an evaluation. The following equation is used for this:

xij

m
X i
Zp:l pJ

With this equation, R = [rij]mxn’ the normalized decision matrix is obtained. The uncertainty

r; = i=12,..,m,j=12,..,n 4)

measure for each criterion, entropy value, is found by the following equation:
m

ej = —kz rij lnrij, ] = 1,2, e, N (5)
i=1

1. : .
Where k = -—is a constant coefficient, and 0 < e¢; < lare guaranteed. The value of e;is the

uncertainty measure of the j¢* criterion or, in other words, the entropy value.
Now we can define d; as the degree of diversification for each criterion using the entropy value:

d]-=1—ej, j=1,2,...,n (6)

The weight values of the criteria are calculated by proportioning the degree of diversification of
each criterion to the sum of the degree of diversification:

d.
J , j=12,..,n. (7)

Zn
d
p=17"

Vl/j:
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n

Where W;is the weight of the j®* criterion, and W; = 1is obvious.
j=1

The entropy method is very useful because it is used objectively to determine criteria weights
and easy to calculate without the personal opinions of any decision-maker (Erol et al., 2011).

VIKOR Method

The VIKOR method is a method developed for the optimization of multi-criteria complex
systems. This method focuses on selecting and sorting alternatives for problems where there are
opposing criteria. The multi-criteria ranking index is based on a partial measure of the ideal
solution proximity (Opricovic, 1998).

Assuming that each alternative is evaluated according to each criterion function, it is possible to
make a compromise order by measuring the distances of the ideal alternative. Yu (1973) and
Zeleny (1974) developed a multi-criteria measure by CP (Compromise Programing) method for
consensus ranking using the L,-metric as the aggregation function.

Let the set of alternatives consist of m alternatives, shown as aq, dy, ..., ap.f;j, the criteria

function gives the achievment value of the ith alternative i = 1,2, ...,m, according to j”‘
criterionj = 1,2, ...,n.

The construction of the VIKOR method starts with the following L, —metric definition
(Opricovic, 1998; Opricovic & Tzeng, 2004):

n 1/p

Ly; = Z[Wj(ﬁ — G —FOFt . 1<p<oy i=12,..m @)

j=1

Within the VIKOR method, L,,; (Sjin eq. 9) and L, . (R; in eq., 10) metrics are used to formulate
a ranking measure. The solution acquired respectively by min; S; and min; R;, with a maximum
group utility ("majority" rule), with minimum individual regret of the ‘‘opponent’’.

The compromise solution F¢ is a feasible solutionthat is the ‘‘closest’” to the ideal F*, and
compromise means an agreement established by mutual concessions, as is illustrated in Figure 1
by Af; = fif — f ve Af, = £ — f5 (Opricovic & Tzeng, 2004).
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Figure 1. Ideal and compromise solutions (Opricovic & Tzeng, 2004).

The compromise ranking algorithm VIKOR takes the following steps (Opricovic & Tzeng,
2004):

(a) Determine the best f]-*and the worst ffvalues of all criterion functions, j = 1,2, ..., n. If the
ith function represents a benefit, then:

fj* =m£axfl-j ,fj_ =miir1fij.
If the cost-oriented criterion is defined as the inverse.

(b) S;and R; ,i = 1,2, ..., mare calculated as follows:

Si = T Wi = Fid/ U = £ ©)
R; = max; Wi(f" = fi)/(ff = f7") (10)

Where, W is the weight value of the jth criterion.

(c) Q;,i=1,2,...,mis calculated as follows:

Q=v(S—=5)/("-5)+A-v)(R; —R)/(R™ —R") (11
Where,

St = miinSi , ST = miaxSi,

R* = miin R;, R™ = miaxRi.

and v is introduced as weight of the strategy of ‘‘the majority of criteria’’ (or ‘‘the maximum
group utility’’). Here, v is taken as 0.5.

(d) The alternatives are sorted in descending order according to the values of S, R, and Q to
obtain three ranking lists.
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(e) The alternative (a’), which is the best (minimum) in terms of Q order, is presented as a
compromise solution, providing the following conditions:

C1. “Acceptable advantage”:

Q(a") —Q(a) = DQ

where a”’, is the alternative with second position in the ranking list by Q; DQ = 1/(J — 1); J is
the number of alternatives.

C2 . “Acceptable stability in decision making™:

Alternative a’, must also be the best-ranked by S or/and R. This compromise solution is stable
within a decision-making process, which could be: ‘‘voting by majority rule’” (when v > 0.5 is
needed), or ‘‘by consensus’ v = 0.5, or ‘‘with veto’’ (v < 0.5). Here, v is the weight of the
decision-making strategy ‘‘the majority of criteria’’ (or ‘‘the maximum group utility’’).

If one of the above conditions is not met, the following compromise solutions are suggested:

e Alternatives a’ and a’’ if only condition C2 is not satisfied, or

e Alternatives a’,a”, ...,a®™ if condition C1 is not satisfied; and a®™ is determined by
the relation ). Q(a(M)) —Q(a') < DQ for maximum M (the positions of these
alternatives are ‘‘in closeness’’).

The best alternative is the alternate with the smallest O value. VIKOR is a useful tool for making
very specific decisions, especially if the preferences at the beginning of system design cannot be
made by the decision-maker or are unknown.

4. Empirical Analysis

Altman Z-Score Application

The criteria for the Altman Z-Score are presented in Table 2. The Altman Z-Score values (2008-
2014) and the Altman Z-Score Rankings (2008-2014) obtained using these criteria are shown in
Tables 3 and 4.

Table 2: The Criteria for Altman Z-Score

Code Criterion

C1 Working Capital / Total Assets

C2 Retained Earnings / Total Assets

C3 Earnings Before Interest and Taxes / Total Assets

C4 Market Value of Equity / Book Value of Total Liabilities
C5 Sales / Total Assets

Table 3: Altman Z-ScoreValues (2008-2014)

2008 2009 2010 2011 2012 2013 2014 Mean
ALYAG  -1.8120 -0.9911 -0.4379 -1.7950 1.0083 1.5446 1.0060 -0.2110
AEFES 2.1084 2.1714 2.2299 2.1680 2.0018 2.0584 1.8639 2.0860
BANVT  2.0753 2.5154 2.9943 2.0513 1.8159 1.7760 1.9841 2.1732
CCOLA 22108 1.8253 2.1724 2.1919 2.3032 1.9178 2.0497 2.0959
ERSU 2.5301 4.4557 4.6706 2.4139 2.6705 22123 1.7833 2.9624
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KENT 2.5372 2.7264 2.2466 2.4094 3.0889 2.9388 3.3770 2.7606
KERVT 0.6811 1.0094 0.7894 0.3154 0.3293 -0.0675 0.1458 0.4575
KNFRT 1.4155 3.2659 2.0715 2.5586 2.7836 2.8725 6.3463 3.0448
KRSTL 3.2375 5.2848 8.9462 9.2830 9.9364 5.2980 2.8441 6.4043
MERKO  0.4086 0.4408 -0.2525 -0.0528 -0.1267 0.0049 3.0638 0.4980
PENGD 0.4241 0.4338 1.8163 0.9134 0.8069 0.9699 0.5575 0.8460
PETUN 3.5645 3.9700 4.1756 3.2025 3.6647 3.6848 4.0233 3.7550
PINSU 2.7020 3.3531 2.9338 2.3481 2.0637 1.3979 1.8488 2.3782
PNSUT 3.1019 3.6781 3.5767 3.3825 3.4102 3.3225 3.2631 3.3907
TATGD 1.6053 2.1707 2.5141 2.3228 2.2306 2.4420 2.6830 2.2812
TBORG  -1.7961 -1.3934 -1.6755 -1.4520 -0.2028 1.1613 1.8175 -0.5059

TUKAS  -0.2134 0.5480 0.8389 -0.4010 0.0129 0.0721 -0.7120 0.0208
ULKER 1.3938 1.3717 1.6520 1.3685 1.7369 1.9805 22144 1.6740
Mean 1.4542 2.0464 2.2924 1.8460 2.1963 1.9770 2.2311 2.0062

For the 2008-2014 period, it was determined that KRSTL is the most successful firm in the
Altman Z-Scores, with an average of 6.40429. This was followed by PETUN 3.75503, PNSUT
3.39072, KNFRT 3.04485, and ERSU 2.96237.The second five group of companies are KENT,
PINSU, TATGD, BANVT and CCOLA. It has been determined that ALYAG and TBORG firms
show the lowest score in this frame with negative scores.

The highest average score of the annual average Altman Z-Score was realized with 2.29235
points in 2010, which may be considered the best year for all companies. This is followed by
2013 with 2.23110, 2011 with 2.19635, and 2009 with 2.04644.The lowest score was 1.45415 in
2008. Here, the effect of the 2008 crisis was seen in all companies.

Table 4: Ranking of companies according to Altman Z-Scores (2008-2014)

2008 2009 2010 2011 2012 2013 2014 Mean Ranking
ALYAG 18 17 17 18 13 12 15 13
AEFES 8 9 9 10 10 8 11 9
BANVT 9 8 5 11 11 11 10 9
CCOLA 7 11 10 9 7 10 9 8
ERSU 6 2 2 5 6 7 14 5
KENT 5 7 8 6 4 4 3 4
KERVT 13 13 15 14 15 18 17 12
KNFRT 11 6 11 4 5 5 1 6
KRSTL 2 1 1 1 1 1 6 1
MERKO 15 15 16 15 17 17 5 11
PENGD 14 16 12 13 14 15 16 11
PETUN 1 3 3 3 2 2 2 2
PINSU 4 5 6 7 9 13 12 7
PNSUT 3 4 4 2 3 3 4 3
TATGD 10 10 7 8 8 6 7 7
TBORG 17 18 18 17 18 14 13 14
TUKAS 16 14 14 16 16 16 18 13
ULKER 12 12 13 12 12 9 8 10

When the companies were ranked according to Altman Z-Scores, the best performance according
to mean ranking for the period 2008-2014 was exhibited by KRSTL, with PETUN, PNSUT,
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KENT, and ERSU making up the top five. In the second top five group, KNFRT, PINSU,
TATGD, CCOLA and AEFES firms took place, with TBORG in last place.

VIKOR Application

Entropy Weighting

For VIKOR application, weight values of criteria calculated according to entropy method in
2008-2014 period are presented in Table 5. The magnitude of the weight value reflects the
importance of the criterion. When we look at the average weights of all years, criteria 2 and 4
have the highest-weighted values. The reason for this is that the achievement values of firms in
these criteria show relatively high differences. According to the entropy method, criterion 5 is at
the lowest importance level. In the similar way, the proportionality of the differences in
achievement values is relatively low, leading to a lower weight of criterion 5. While the fixed
weights are used in the Altman Z-Score method, the weights in VIKOR method are varied
according to the periods.

Table 5: Entropy Weighting Values (2008-2014)

Cl1 C2 C3 C4
2008 0.25513 0.34931 0.15777 0.21530 0.02249
2009 0.24338 0.30797 0.12914 0.27667 0.04284
2010 0.16847 0.33170 0.12242 0.30546 0.07194
2011 0.13944 0.27699 0.19591 0.34868 0.03898
2012 0.13615 0.30666 0.19309 0.32994 0.03417
2013 0.20833 0.32801 0.18524 0.23942 0.03899
2014 0.21986 0.26843 0.26408 0.17642 0.07120
Mean 0.19582 0.30986 0.17823 0.27027 0.04580
Table 6: The VIKOR Values (2008-2014)
2008 2009 2010 2011 2012 2013 2014 Mean
ALYAG 0.95656 0.87957 1,00000 0.98485 0.88651 0.61878 0.73866 0.86642
AEFES 0.21537 0.51970 0.53707 0.64819 0.66776 0.31597 0.53296 0.49100
BANVT 0.34672 0.57900 0.52736 0.74160 0.77365 0.57741 0.7019 0.60681
CCOLA 0.22477 0.57963 0.55799 0.65753 0.64871 0.40369 0.50621 0.51122
ERSU 0.18263 0.17179 0.2713 0.64836 0.58679 0.51706 0.65639 0.43347
KENT 0.20658 0.46306 0.57342 0.65494 0.59397 0.26781 0.36771 0.44678
KERVT 0.48254 0.67880 0.68927 0.84837 0.89289 0.75984 0.81647 0.73831
KNFRT 0.32942 0.43150 0.55741 0.60197 0.58782 0.23275 0,00000 0.39155
KRSTL 0,00000 0,00000 0,00000 0,00000 0,00000 0.02892 0.48312 0.07315
MERKO 0.47471 0.68937 0.78074 0.85289 0.93334 0.85303 0.78002 0.76630
PENGD 0.41303 0.69439 0.55783 0.75907 0.8087 0.5299 0.69963 0.63751
PETUN 0.07891 0.18089 0.33561 0.53441 0.52188 0.1013 0.45413 0.31530
PINSU 0.15798 0.22051 0.45449 0.6279 0.71342 0.50355 0.59465 0.46750
PNSUT 0.09897 0.28199 0.41478 0.52364 0.5584 0.19334 0.46324 0.36205
TATGD 0.35665 0.56792 0.55924 0.67511 0.6834 0.37692 0.43805 0.52247
TBORG 0.99700 0.92767 0.95822 0.95647 0.90188 0.85787 0.62826 0.88962
TUKAS 0.53677 0.67362 0.65651 0.90106 0.88858 0.78007 0.99019 0.77526
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ULKER 0.31633 0.5988 0.58546 0.72353 0.86735 0.40887 0.47592 0.56804

Mean 0.35416 0.50768 0.55648 0.68555 0.69528 0.46262 0.57375 0.54793

When the average VIKOR values for the period 2008-2014 are examined from Table 6, the best
performance of KRSTL company with a score of 0.07315 is shown in all periods. This was
followed by PETUN, 0.36205, PNSUT, 0.39155 KNFRT, and 0.43347 ERSU with 0.31530, the
best performing companies in the top five.
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Table 7: VIKOR Rankings (2008-2014)

2008 2009 2010 2011 2012 2013 2014 Mean

ALYAG 17 17 18 18 14 14 15 17
AEFES 7 8 7 6 8 6 9 8
BANVT 11 10 6 12 11 13 14 12
CCOLA 8 11 10 9 7 8 8

ERSU 5 2 2 7 4 11 12 5
KENT 6 7 12 8 6 5 2 6
KERVT 15 14 15 14 16 15 17 14
KNFRT 10 6 8 4 5 4 1 4
KRSTL 1 1 1 1 1 1 7 1
MERKO 14 15 16 15 18 17 16 16
PENGD 13 16 9 13 12 12 13 13
PETUN 2 3 3 3 2 2 4 2
PINSU 4 4 5 5 10 10 10 7
PNSUT 3 5 4 2 3 3 5 3
TATGD 12 9 11 10 9 7 3 10
TBORG 16 13 14 16 15 16 18 15
TUKAS 18 18 17 17 17 18 11 18
ULKER 9 12 13 11 13 9 6 11

A similar situation was observed in the VIKOR rankings in Table 6. The second-best five group
consisted of KENT, PINSU, AEFES, CCOLA, and TATGD companies. TUKAS, ALYAG,
MERKO, TBORG, and KERVT were the worst performing companies when the averages of all
periods were taken into consideration.

Table 8: Altman Z-Score and VIKOR Rankings (2008-2014)

2008 2009 2010 2011 2012 2013 2014

A \4 A \4 A \ A \4 A \4 A \4 A Vv
ALYAG 18 17 17 17 17 18 18 18 13 14 12 14 15 15
AEFES 8 9 8 9 7 10 6 10 8 8 6 11 9
BANVT 9 11 8 10 5 6 11 12 11 11 11 13 10 14
CCOLA 7 8 11 11 10 10 9 9 7 7 10 8 9 8
ERSU 6 5 2 2 2 5 7 6 4 7 11 14 12
KENT 5 6 7 7 8 12 6 8 4 6 4 5 3 2
KERVT 13 15 13 14 15 15 14 14 15 16 18 15 17 17
KNFRT 11 10 6 6 11 8 4 4 5 5 5 4 1 1
KRSTL 2 1 1 1 1 1 1 1 1 1 1 1 6 7
MERKO 15 14 15 15 16 16 15 15 17 18 17 17 5 16
PENGD 14 13 16 16 12 9 13 13 14 12 15 12 16 13
PETUN 1 2 3 3 3 3 3 3 2 2 2 2 2 4
PINSU 4 4 5 4 6 5 7 5 9 10 13 10 12 10
PNSUT 3 3 4 5 4 4 2 2 3 3 3 3 4 5
TATGD 10 12 10 9 7 11 8 10 8 9 6 7 7 3
TBORG 17 18 18 18 18 17 17 17 18 17 14 18 13 11
TUKAS 16 16 14 13 14 14 16 16 16 15 16 16 18 18
ULKER 12 9 12 12 13 13 12 11 12 13 9 9 8 6

A:Altman Z-Score Ranking, V:VIKOR Ranking
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Table 9: Spearman rank correlations for VIKOR and Altman Z-Scores Rankings

A2008 V2008  A2009 V2009  A2010 V2010  A2011 V2011  A2012 V2012  A2013 V2013  A2014 V2014

A2008 1.0000 0.967** 0.917** 0.909** 0.911** 0.860** 0.913** 0.911** 0.886** 0.872** 0.759** 0.814**  0.548*  0.589*

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 0.0186  0.0101

V2008 0.967** 1.0000 0.915*%* 0.917** 0.882** (0.872** 0.911** 0.936** 0.880** 0.878** 0.775%* 0.837**  0.554* 0.593**

0.0000 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000 0.0002 0.0000 0.0170  0.0094

A2009 0.917**  0.915%* 1.0000  0.990** 0.930** 0.901** 0.942** 0.917** 0.891** 0.891** 0.781** 0.779**  0.527*  0.548*

0.0000  0.0000 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000  0.0001  0.0001 0.0245  0.0186

V2009 0.909*%*  0.917**  0.990** 1.0000 0.915**  0.889** 0.936** 0.924** 0.884** 0.889** 0.781** 0.789**  0.513*  0.569*

0.0000  0.0000  0.0000 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0001 0.0001 0.0295  0.0138

A2010 0.911**  0.882**  0.930** 0.915** 1.0000 0.940** 0.880** 0.835%* (0.843** 0.868** 0.746** 0.728**  0.4097  0.470*

0.0000  0.0000  0.0000  0.0000 0.0000  0.0000  0.0000  0.0000  0.0000 0.0004 0.0006 0.0913  0.0493

V2010 0.860**  0.872**  0.901** 0.889** 0.940** 1.0000 0.860**  0.870** 0.777** 0.849** 0.664** 0.701**  0.3416  0.4035

0.0000  0.0000  0.0000  0.0000  0.0000 0.0000  0.0000  0.0001  0.0000 0.0027  0.0012  0.1653  0.0968

A2011 0.913**  0.911** 0.942** 0.936*%* 0.880** 0.860** 1.0000 0.965*%* 0.950** 0.944** (0.862** 0.895** 0.670** 0.732%**

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000  0.0000  0.0000  0.0000  0.0000  0.0024  0.0006

V2011 0.911**  0.936%* 0.917** 0.924** (0.835** 0.870** 0.965** 1.0000 0.903** 0.911** 0.816*¥* 0.907** 0.633** 0.703**

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000  0.0000  0.0000  0.0000  0.0048  0.0011

A2012 0.886**  0.880**  0.891** 0.884** (0.843** 0.777** 0.950** 0.903** 1.0000 0.975**  0.928**  0.934** 0.666** 0.756**

0.0000  0.0000  0.0000  0.0000  0.0000  0.0001  0.0000  0.0000 0.0000  0.0000  0.0000  0.0026  0.0003

V2012 0.872%*% 0.878** 0.891** 0.889** 0.868** 0.849** (0.944** 0.911** 0.975%* 1.0000 0.913** 0.913**  0.577* 0.703**

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000 0.0000 0.0000  0.0000  0.0122  0.0011

A2013 0.759**  0.775*%*  0.781** 0.781** 0.746** 0.664** 0.862** 0.816%* 0.928** 0.913** 1.0000  0.920*%* 0.725**  0.837**

0.0003  0.0002  0.0001 0.0001  0.0004  0.0027  0.0000  0.0000  0.0000  0.0000 0.0000  0.0007  0.0000

V2013 0.814** 0.837** 0.779** 0.789** 0.728** 0.701** 0.895** 0.907** 0.934** 0.913** 0.920** 1.0000 0.709**  0.837**

0.0000  0.0000  0.0001 0.0001  0.0006  0.0012  0.0000  0.0000  0.0000  0.0000  0.0000 0.0010  0.0000

A2014 0.548*  0.554*  0.527*  0.513*  0.4097  0.3416 0.670** 0.633** 0.666**  0.577* 0.725%*  0.709** 1.0000 0.804**

0.0186  0.0170  0.0245  0.0295  0.0913  0.1653  0.0024  0.0048  0.0026  0.0122  0.0007  0.0010 0.0001

V2014 0.589* 0.593**  0.548*  0.569*  0.470*  0.4035 0.732** 0.703** 0.756** 0.703** 0.837** 0.837** (0.804** 1.0000
0.0101 0.0094  0.0186  0.0138  0.0493  0.0968  0.0006  0.0011 0.0003  0.0011 0.0000  0.0000  0.0001

**_ Correlation is significant at the 0.01 level (2-tailed). A:Altman Z-Score Ranking, V:Vikor Ranking
*_ Correlation is significant at the 0.05 level (2-tailed).

In Table 8, comparisons were made for the 2008-2014 period, with rankings obtained by the
Altman Z-Score and VIKOR methods. Here, it is observed that the two methods give very
similar results. The best way to measure the similarity between rankings is undoubtedly
Spearman's rank correlation. High correlation value indicates high similarity. Spearman's rank
correlation between the two method rankings given in Table 9 shows that the results of both
methods are very close. Correlations are 0.80 in 2014 and 0.90 in all other periods. Such high
correlations clearly show that the two methods produce similar results. It is outside the purpose
of this work to put forth the reasons for this similarity. But the similarity shows that VIKOR
method can be used as an alternative in the bankruptcy analysis.

5. Conclusion

The empirical analysis of 18 firms in the BIST-Food and Beverage Index for 2008-2014 period
data were conducted using a comparative approach based on the Altman Z-Score and VIKOR
method. By combining the results of the two methods, general results were obtained. According
to this approach, the KRSTL firm has been ranked first in terms of both methods and average
ranking. The low performance of KRSTL in 2014 has remained within the relatively good
performance of the past years. PETUN, which performed second, displayed a balanced
performance in all years. Overall, there was no fluctuation in performance. PNSUT, the third
company, also displayed a balanced performance. The KNFRT firm, which ranks fourth, settled
in first place in both methods in 2014. However, low and unstable performance results in the past
few years have affected the overall average in a negative direction. It has been determined that
KNFRT will perform more successfully in 2014 than in previous years.
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The VIKOR method, which yields results similar to those of the Altman Z-Score, is an
alternative and complementary method for bankruptcy analysis. This study shows that the
VIKOR method can be used reliably in bankruptcy analysis, and this study will be a pioneering
work in the use of VIKOR method in bankruptcy analysis to be carried out in other sectors as
well.

This study has shown that other MCDM methods are powerful tools that can be used in financial
failure analysis.
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