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Abstract

This paper presents a 3-stage innovative approach for company assessment, integrating financial
ratios with the Fuzzy Analytic Hierarchy Process (FAHP) and using an unsupervised artificial
intelligence method, Self-Organizing Maps (SOM), for classification. Addressing the challenges of
decision-making in resource allocation, the study combines accurate data with robust tools essential
in turbulent economic times. FAHP, known for handling complex, uncertain information, is applied
to refine the traditional company assessment methods by integrating different experts' opinions and
conversion to numerical values. This study presents an innovative framework by integrating
financial ratios, commonly used in company evaluation methodologies, with FAHP, which is
capable of processing complex and uncertain data. The integration of financial ratios into FAHP
enhances the accuracy and clarity in decision-making processes for evaluating and ranking
companies while also allowing for the management of the inherent uncertainties in economic data.
Furthermore, SOM, an unsupervised artificial intelligence method for company classification, is
used. Net Profit Margin is the financial ratio evaluated with the highest weight among financial
ratios by 0.38. After the FAHP phase, financial ratios obtained from the income statements and
balance sheets of companies are multiplied by the respective weights for valuation. In the final phase,
a total of 6 companies listed in the Borsa Istanbul Insurance Index are divided into 3 classes. The two
companies receiving the highest valuation, AGESA (Agesa Life and Pension) and ANHYT (Anadolu
Life Pension Joint Stock Company), have been classified as Class A. To show the performance of the
proposed model, companies registered in the Electricity Sector XELKT registered 31 companies.
Classification also performed well in that set. The paper contributes to the field by providing a
detailed literature review, methodology, case study results, and discussions on the practical
implications of this integrated assessment method and possible areas for further research and

applications.
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Bulanik Cok Kriterli Karar Verme ve Kendi Kendini Diizenleyen Haritalar
Kullanarak Sirketlerin Finansal Degerlendirmesine Yonelik Hibrit Yaklasim

Fatih YIGIT?

Oz

Bu makale, finansal oranlari Bulanik Analitik Hiyerarsi Siireci (FAHP) ile entegre eden ve
siniflandirma icin denetimsiz yapay zeka yontemi olan Kendi Kendini Diizenleyen Haritalar1 (SOM)
kullanan sirketlerin finansal performanslarinin degerlendirilmesi i¢in 3 asamali yenilik¢i bir
yaklasim sunmaktadir. Kaynak tahsisinde karar vermenin zorluklarini ele alan ¢alisma, dogru
verileri calkantili ekonomik dénemlerde gerekli olan saglam araglarla birlestirmektedir. Karmasgik
ve belirsiz bilgileri islemesiyle bilinen FAHP, farkli uzmanlarin goriislerini entegre ederek ve sayisal
degerlere doniistiirerek geleneksel sirket degerlendirme yontemlerini gelistirmek icin uygulanir. Bu
calisma, karmasik ve belirsiz verileri isleyebilen FAHP ile biitiinlestirerek yenilik¢i bir cerceve
sunmaktadir. Finansal oranlarin FAHP'ye entegrasyonu, sirketlerin degerlendirilmesi ve
siralanmasinda dogrulugu ve karar verme siireglerindeki netligi artirirken, ekonomik verilerin
dogasindaki belirsizliklerin yonetilmesine olanak tanir. Ek olarak, sirket siflandirmasi igin
denetimsiz yapay zeka yontemi olan SOM kullanimi, metodolojimizin etkinligini gercek hayat
verileri tizerinden ispatlamaktadir. Calismamn sonuglarma gore, Net Kar Marji, finansal oranlar
arasinda 0.38 ile en yiiksek agirliga sahip olarak degerlendirilen finansal orandir. FAHP
asamasindan sonra, firmalarin gelir tablosu ve bilanc¢olarindan elde edilen finansal oranlar s6z
konusu agurliklarla carpilarak degerleme gerceklestirilmektedir. Son asamada ise Borsa Istanbul-
Sigorta Endeksinde islem goren toplam 6 sirket 3 sinifa gore ayrilmistir. En yiiksek degerlemeyi alan
2 firma, AGESA(Agesa Hayat ve Emeklilik) ile ANHYT (Anadolu Hayat Emeklilik Anonim Sirketi),
A smift olarak degerlendirilmistir. Onerilen makalenin performansimin tespiti igin Elektrik
sektoriinde XELKT kayith 31 firma ile de uygulama yapilmistir. Makale, ayrintili bir literatiir
taramasi, metodoloji, vaka calismasi sonuglari ve bu entegre degerlendirme yonteminin pratik
uygulamalar1 ve daha ileri arastirma ve uygulamalar igin olasi alanlar hakkinda tartismalar
saglayarak alana katkida bulunmaktadir.

Anahtar Kelimeler: Finansal Degerlendirme, Cok Kriterli Karar Verme, Bularuk Analitik Hierarsi
Prosesi, Makine Ogrenmesi, Kendi-Kendini Diizenleye Haritalar.
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1. Introduction

The decision to invest is essential to accurately utilize the resources correctly. Allocating
resources such as capital deserves a detailed and scientific investment approach. Such a
decision requires at least two aspects. The first aspect is to have the right data for decision-
making, and the other aspect is to use the right tool for decision-making. The study aims
to integrate these two essential aspects in an integrated approach.

Financial ratios are widely used approaches for the economic assessment of companies.
Financial ratios are useful indicators of a firm's performance and financial situation
(Ertugrul & Karakasoglu, 2009). Companies registered in the stock exchange regularly
publish their income statements and balance sheets to the public. Financial ratios are used
to assess the performance of companies as well as their probability of failure (Aldolou &
Percin, 2018; Beaver, 1966; Ozturk & Karabulut, 2020). They are vital for an accurate
analysis of the company's health and possible future performance. Financial ratios
become critical in turbulent times. Also, the existence of multiple financial ratios may
complicate such decisions. In the presence of numerous financial ratios, combining them
to generate a single value representing a company's performance is vital. A multi-criteria
decision-making approach would be ideal for developing such a performance.

The FAHP is among the methods used for the analysis of multiple criteria. AHP and its
extension FAHP are widely used for multi-attribute decision-making (Kahraman, 2024).
This paper introduces a novel approach that combines the power of financial ratios with
the versatility of the FAHP to address the limitations of traditional company assessment
methodologies. FAHP is a robust mathematical tool well-suited to handle complex
decision-making problems that involve vague, subjective, or uncertain information. By
integrating financial ratios with FAHP, we aim to provide a more comprehensive and
accurate framework for evaluating and ranking companies while explicitly addressing
and managing the inherent fuzziness in economic data. The FAHP offers a solution to
these challenges by introducing the concept of fuzziness into the assessment process.
FAHP allows decision-makers to explicitly model and manage uncertainty and
imprecision in the assessment process. By hierarchically structuring the decision criteria
and employing linguistic variables, FAHP enables the incorporation of subjective
judgments, expert opinions, and vague data into the assessment. This method enhances
decision-making by providing a more realistic representation of the complex factors
influencing company assessments.

A typical method for such classification is ABC Analysis. For such classification, an
unsupervised machine learning technique is performed to cluster them and assign them
to relevant classes. The SOM clustering method is used for such classification. This paper
presents a comprehensive framework for company assessment that leverages the power
of financial ratios and the adaptability of the FAHP. We illustrate the practical application
of this methodology by conducting case studies on a diverse set of companies across
different industries. By doing so, we aim to demonstrate the efficacy and reliability of our
approach in enhancing the accuracy and robustness of company assessments, particularly
in the presence of uncertainty and imprecision inherent in financial data. The rest of this
paper is organized as follows: Section 2 provides a literature review on company
assessment techniques, financial ratios, and the FAHP, emphasizing the advantages of
employing FAHP and also sharing other studies in the literature either on the same
subject or using similar methodologies. Section 3 details the methodology, including the
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hierarchical structure, linguistic variables, and data collection procedures, highlighting
the role of FAHP in addressing fuzziness. Section 4 presents the case study and its result,
showcasing how FAHP enhances the assessment process. Finally, in Section 5, we offer
conclusions and recommendations for future research in the field of company
assessment, emphasizing the continued application and development of FAHP in this
context.

The main contributions of the study can be summarized as follows.

In terms of the methodology employed, to the best of our research, this study is the first
study that uses a hybrid approach of FAHP and SOM for financial assessment.

The proposed study also converts experts' opinions for the assessment of financial ratios.
These weights can be used as inputs for other studies when such opinions are needed.

2. Literature Review

In the following section, the literature review is performed regarding the topics associated
with the study. The literature review is conducted on the methods and goals used in the
study.

2.1. Performance Assessment using Financial Ratios

Many studies use financial ratios for performance assessment and predicting companies'
financial status. The first application of such a model dates back to long ago (Beaver,
1966). Since then, multiple studies have been performed using financial ratios. Studies
mainly focus on assessing companies using financial ratios or predicting a company's
likelihood of status, such as failure or bankruptcy.

A recent study calculated a business's default probability by analyzing financial ratios.
Similar studies have also been performed in other sectors. A recent analysis was
conducted in the cruise business sector. The industry is challenged and affected
dramatically by incidents such as COVID-19. The paper aims to identify managerial and
financial efficiency, capital structure options, solvency conditions, and corporate value
dynamics. The leading companies are investigated to analyze their financial, accounting,
and stock market performance based on convenient financial market metrics
(Syriopoulos et al., 2020). The research examined the correlation between short-listed
financial ratios and subsequent incidents of default. Additionally, it constructed a
probability of default (PD) model to estimate the likelihood that a borrower will enter
delinquency within a one-year timeframe. The study's findings revealed noteworthy
associations between the two variables (Burova et al., 2021).

Also, similar studies are performed using increased financial ratios and a greater pool of
companies. This aspect would contribute to the success of the proposed models. 37
financial ratios are determined using the balance sheet data of 80 companies from 2015-
2018. Based on the study's results, the financial ratios and associated models performed
efficiently to predict bankruptcy and insolvency risks. The main contribution to the
literature is the analysis of variables and their relationship to financial difficulties (Voda
et al., 2021). Financial ratios are also used to predict the company's future based on
changes. The ratios are used to predict stock returns and cyclical movements of
companies (Yu et al., 2023). As seen from the studies in the literature review conducted,
financial ratios are widely used for performance assessment. As a result, the financial
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ratios with the details given in the methodology section are used as a part of the proposed
model.

2.2. Fuzzy Analytic Hierarchy Process

The AHP, developed by Thomas L. Saaty, is a widely recognized decision-making
framework that helps simplify and analyze complex decisions. It's mainly known for its
structured approach, which involves decomposing a decision problem into a hierarchy
of more easily comprehensible sub-problems, each of which can be analyzed
independently. The process starts with creating a decision hierarchy, ranging from the
overall goal at the top, through intermediate levels of criteria and sub-criteria, down to
the level of alternatives at the bottom (Saaty, 1980).

In AHP, decision-makers compare the elements at each hierarchical level pair-wise,
quantifying their relative importance on a scale typically ranging from 1 to 9. These
comparisons are then used to calculate priority scales, essentially numerical values
representing each element's relative dominance in decision-making. A key feature of
AHP is its consistency check, a mathematical way to ensure that the comparisons are not
random and adhere to a logical pattern.

Building on the foundation of AHP, the FAHP incorporates fuzzy logic, enhancing the
model's ability to handle the uncertainties and vagueness inherent in human judgments.
In FAHP, the crisp numerical judgments of AHP are replaced with fuzzy numbers, often
represented as triangular or trapezoidal fuzzy numbers. These fuzzy numbers better
capture the imprecision of human assessments, allowing for a more nuanced approach to
comparing decision elements. Aggregating these fuzzy comparisons in Fuzzy AHP is a
critical step, leading to the derivation of fuzzy weights for each criterion and alternative.
This process involves sophisticated computational techniques and translates the fuzzy
logic assessments into actionable decision-making criteria. Fuzzy AHP has been
particularly beneficial when decision data is not precise or is influenced by subjective
human interpretations, making it a valuable tool in fields like environmental
management, software development, and risk assessment.

However, integrating fuzzy logic in AHP also brings challenges, primarily the increased
complexity in computations and the need for a deeper understanding of fuzzy logic
principles. Despite these challenges, the Fuzzy AHP method stands out for its ability to
accurately model real-world situations, accommodating the ambiguity and subjectivity
that often accompany human decision-making processes. Among Multi-Criteria Decision
Making (MCDM), FAHP is ranked the second most used methodology, following AHP
(Kubler et al., 2016). As a result, multiple studies are performed using AHP and FAHP
extensions (Abusaeed et al., 2023; Basaran et al., 2023; Colakoglu & Sahin, 2022; Demircan
& Yetilmezsoy, 2023; Singh & Garg, 2017). They are widely used in different areas such
as determination ERP priorities, prioritization of cost factors in agile software
development (Abusaeed et al., 2023; Colakoglu & Sahin, 2022).

On the other hand, the flexibility of AHP allows it to be used in different areas rather than
selection among alternatives. FAHP is performed to classify container terminals. As can
be seen from this study, hybrid applications allow for the extension of the use of MCDM
methods to cover different application areas rather than just the selection of alternatives.
(Adenso-Diaz et al., 2020). Also, in a recent study, AHP is the most used MCDM approach
(Basilio et al., 2022). These findings are the main reasons for selecting the FAHP method
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in this study. Multiple studies conduct systematic literature review (SLR) on AHP and
FAHP (Ishizaka & Mu, 2023; Labib et al., 2022; Madzik & Falat, 2022; Tavana et al., 2021).
As AHP is a widely used approach, multiple studies perform systematic literature
reviews. The details of the study may contribute to the accurate analysis and background
of the methods used for MCDM (Basilio et al., 2022; Khan et al., 2020; Kubler et al., 2016;
Liu et al.,, 2020; Tavana et al., 2021).

2.3. SOM

Self-organizing maps (SOMs) are a type of artificial neural network that can produce a
low-dimensional, discretized representation of the input space of the training samples,
called a feature map. Such a map can be used for the clustering of inputs. Such clustering
can be converted to classification when a cluster centre is assigned to a class.

SOM is widely used for clustering problems for a wide range of applications. The
flexibility of the SOM allows it to be applied in different areas. A recent study performed
SOM for Comorbidities of Chronic Diseases in Serbia. The study identified hypertension
as the most prevalent disease in Sumadija and western Serbia. Such geographical
separation allows the clustering of data (Rankovic et al., 2023). A similar study in different
areas is performed in Brazil. The study focused on the classification and characterization
of desalted crude oil (Duyck et al., 2023). SOM is also used to classify companies. A recent
study performed the clustering of OECD companies using sustainable development
indicators (Yigit, 2023).

2.4. Hybrid Approaches for Financial Assessment

As given before, AHP and FAHP are among the widely used decision-making
approaches. Their main advantage is the flexibility to combine different criteria for
different problems. This aspect allows the use of both methods in other areas. As a result,
AHP and FAHP are among the most widely used approaches for MCDM (Kubler et al.,
2016). Due to this nature, hybrid approaches are commonly performed using these two
methods.

A recent study using AHP for the risk assessment of aquatic animal introduction is
performed. The analysis performed a risk assessment model for the evaluation of invasive
species. Based on the study, introducing aquatic animals using the AHP is an effective
method, and the proposed model supports the introduction and healthy breeding of
aquatic animals. As a result, the proposed study performed well for the risk assessment
(Zhang et al., 2023). MCDM is also performed using a hybrid approach for financial risk
management. The financial health of the companies is assessed using MCDM
approaches—a method TOPSIS is used for such analysis. The results showed that
Hungary is an ideal company for investors (Nagy & Valaskova, 2023).

Similarly, hybrid approaches are used for the assessment using MCDM methods. The
Turkish banking sector is evaluated using TOPSIS and AHP methods for weight
assessment. Financial ratios are used for parameters (Se¢me et al., 2009). An integrated
approach is used for the assessment of Iranian cement companies. The approach
integrated FAHP and TOPSIS for weight calculation. Similarly, financial ratios are used
as inputs for performance calculation (Moghimi & Anvari, 2014).

As mentioned in the studies, AHP is a widely used approach for MCDM. Also, financial
ratios are widely used and accepted criteria for assessing companies either financially or
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their risk in terms of insolvency or bankruptcy. Based on the wide usage of FAHP and
financial ratios, the study performed a hybrid approach for the financial ratio analysis
and eventual classification.

3. Proposed Hybrid Approach Model for Financial Assessment

The following section shows the relevant stages of the proposed approach. The proposed
method has multiple stages for converting inputs to outputs. Inputs are expert opinions
and companies' financial ratios. The results of the proposed model are weights of
financial ratios and the final classification of companies. The details of the proposed
model are given in Fig. (1).

3.1. Financial Ratios for Performance Assessment

Financial ratios are important metrics that help decision-makers assess a company's
performance. They are widely used by scholars, as given in the literature review. Table 1
represents the list of financial figures used in the proposed study. The financial ratios are
divided into 5 main criteria. They are liquidity, financial leverage, activity, profitability,
and growth ratios. The details of the main criteria are given in the following sub-sections.
The details can be found in the study of Ertugrul and Karakasoglu (2009).

3.1.1. Liquidity Ratios

Liquidity represents resources such as cash or any similar asset easily converted to
currency. Liquidity is vital for companies to survive as it is the primary resource for short-
term liabilities. Liquidity is essential for companies (Ertugrul & Karakasoglu, 2009). There
are 3 ratios grouped under liquidity ratios. They are, namely, current ratio, liquidity ratio,
and quick ratio.

3.1.2. Financial Leverage Ratios

The financial leverage ratio assesses an organization's capacity to fulfil immediate and
future obligations. This ratio signifies the degree of risk the company is exposed to in
fulfilling debt service obligations (interest and principal repayment) (McGuigan et al.,
2006). The financial leverage ratio analyzes the ability of the company to meet long-term
liabilities. Four ratios fall under the category of financial leverage ratios. The ratios in
question are the ratios of shareholders' equity to total assets, fixed assets to shareholders'
equity, debt, and long-term debt to shareholders' equity (Ertugrul & Karakagsoglu, 2009).

3.1.3. Activity Ratios

Four ratios fall under the category of financial leverage ratios. The ratios in question are
the ratios of shareholders' equity to total assets, fixed assets to shareholders' equity, debt,
and long-term debt to shareholders' equity (McGuigan et al., 2006). Efficient use of
resources is essential as it addresses the ability to generate resources. Furthermore,
resources that are utilized efficiently are less susceptible to risks. As a result of an increase
in receivables turnover, payment terms are shortened. In general, shorter payment terms
mean a reduced likelihood of bad debt for the business. There are four ratios classified
under the financial leverage ratios. They are inventory turnover, total asset turnover ratio,
account receivable turnover, accounts receivable turnover, and accounts payable
turnover ratio. Activity ratios increase in importance with high financial interest rates.
Activity ratios are also called asset turnover ratios (Ertugrul & Karakasoglu, 2009).
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Figure 1 Workflow of the Proposed Model

3.1.4. Profitability Ratios

Profit is the primary goal of a company. Sustainable profit generation is vital for a
company as it allows it to grow, invest, and allocate resources for long-term requirements
such as research and development. There are many aspects of profit as costs cover
different aspects of the business. The main cost drivers are direct costs, indirect costs, and
financial costs. Two types of profitability ratios are used for the assessment. They are the
net profit margin ratio and return on equity ratio (Ertugrul & Karakasoglu, 2009).

3.1.5. Growth Ratios

Growth is essential for a company as it is a vital performance metric to show its position
versus competitors. Growth is necessary as it allows companies to indicate the general
market position and its predictions. Growth also enables the company to lower fixed costs
and positively affects the profitability ratios in the short term. There are two main types
of growth ratios. They are the profit margin ratio and return on equity ratio. The details
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of the financial ratios are given in the study proposed by Ertugrul and Karakasoglu
(2009).

Table 1 Financial Ratios

Main . I
Criteria Main (‘Znt.erla Criteria no Criteria description
Description

No

S1 Liquidity Ratios 56 Current Ratio
S7 Quick Ratio
S8 Cash Ratio

2 Fin%mcial Leverage 59 Debt Ratio

Ratios

S10 Shareholder's Equity/Assets
S11 Fixed Assets/Shareholder's Equity
S12 Fixed Assets/Long-Term Debt

S3 Activity Ratios S13 Account Receivable Ratio
S14 Inventory Turnover Ratio
515 Current Assets Turnover Ratio
S16 Total Asset Turnover Ratio
517 Accounts Payable Turnover Ratio

54 Profitability Ratios S18 Net Profit Margin
519 Return on Equity

S5 Growth Ratios 520 Sales Growth
S21 Operating Profit Growth
522 Shareholders' Equity Growth
523 Assets Growth

3.2. FAHP

FAHP is a method to convert expert opinions to weights by using bi-comparison among
criteria. The inputs of the FAHP are expert opinions using cross-comparisons. After
applying the following workflow, the outputs are generated as weights.

Step 1 Setup Hierarchy Architecture

Step 2 Setup Fuzzy Pair-wise Comparison Matrix Using Opinions from each Decision
Maker

1,1,1)  ayp i
5-| @ @iy gy
am - (1L1,1)

where aij x aji=1and aijj=wi/wj i,j=1,2,3,4,..n

Step 3 The fuzzy geometric value is calculated to combine multiple opinions as given in
Eq.(1)

=@ xa;px.x ain)l/n (1)
Step 4 The fuzzy weight W; for each criterion, i is calculated as given in Eq. 2
Wy =@y + fy+ ot 7)) 2)

where 75, = (I, my, u)
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Step 5 The fuzzy weights are defuzzied by using any available methods. CoA is used for
this case. The Eq. is given in Eq. 3. ((Buckley, 1985 ;Tzeng & Huang, 2011)

~ (li+ mi+ ui)

W= 3)
3.3. Self Organizing Maps

Kohonen Systems, often known as SOM, is an unsupervised learning technique that can
solve various dimensionality reduction or categorization issues. A map, a low-
dimensional, discretized representation of the training samples' input space, is created as
an output of SOM. After the training phase, often in a two- or three-dimensional
perspective, the high-dimensional input data is generated while maintaining the
topological features of the data (Kohonen, 2013). Fig. (2) represents the graphical
representation of the SOM Model.

Input"Layer

Figure 2 General Diagram for SOM(Kohonen, 2013)

Input and output neurons of the SOM architecture are seen in Fig. 1, and weights from each
input neuron are replicated to each output neuron. Each input neuron is chosen in SOM, and
the distances between it and each output neuron are computed. The best matching neuron
(BMU) or winning neuron is the nearest neuron. The weights between the winner neuron
and the chosen input neuron are then updated. The SOM grid updates the BMU and nearby
neurons' weights relative to the input vector. The size of the change gets smaller with the
grid distance from the BMU as time increases. All inputs are subjected to this procedure until
a predefined number of cycles or a threshold value is reached. The network consequently
links the output nodes to the input dataset. The following steps can be used to summarise
the SOM algorithm:

Step 1-Initialise the weights and parameters.

Step 1-Choose a random input sample,

Step 2-Choose the best matching BMU,

Step 3-Update the weight vectors of the nodes near the BMU,

Step 4- Repeat the process until the maximum number of iterations has been reached.
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4. Application of the Proposed Method

In the following subsections, the details of the proposed model's application are
provided.

4.1. Stage-1 Financial Ratios

The company's financial ratios are used to apply the proposed method. A group of
companies registered in the Istanbul Stock Exchange are selected to apply the case. The
insurance sector (XSGRT) and electric sector (XELKT) are used for the assessment. There
are 6 and 31 companies registered in XSGRT and XELKT, respectively. Although the
number of companies is limited, they are chosen as they represent established companies.
The names of the companies are given in Table 2 and Table 8.

As given in Section 3.1, there are 18 ratios as a part of financial ratios. 10 of the financial
ratios are selected for the assessment of companies. The ratios mainly used for
manufacturing companies, such as inventory turnover ratios, have been removed from
the list. The ratios selected for the assessment also make 84% weight among all financial
ratios of a recent study. A recent study assessed that the main criteria are Current Ratio,
Cash Ratio, Debt Ratio, Net Profit Margin, and Return on Equity based on expert opinions
(Yigit, 2023). The same financial ratios are used as inputs for FAHP to reduce the
complexity. The financial ratios are calculated based on the annual financial tables and
income statements, and the latest annual financial tables 2023/12 are used for the model
for XSGRT. 2013/09 is used for XELKT, as that is the period available for all companies.
The ratios are normalized to convert them to the same scale. Finally, the following
financial ratios are calculated as the outputs of the first stage. The rate of each company
is given in Table 3. FRxy represents the financial ratios of the financial ratio x for the
company y.

4.2, Stage-2 FAHP

In the second stage, FAHP is performed for analysis. Three expert opinions are received,
and the arithmetic mean for group assessment is performed. The experts are chosen based
on their expertise in using financial ratios. The first expert is a financial controller with 20
years of experience. The second expert is the chief financial officer. Using financial ratios
to assess a company is a part of the job description. The third expert is a sworn-in certified
accountant. The expert has expertise in evaluating financial tables and making
predictions and evaluations accordingly. Based on the analysis, three inputs are received,
and evaluation is performed to convert the inputs to weights. A Likert scale is used for
the assessment, as shown in Table 4.

Based on these inputs, the FAHP process is applied. In this stage, the weight of each
financial ratio is calculated. Based on these weights, the performance of each company is
calculated. The 10 ratios that have the highest weights are taken into consideration. The
outputs of each financial ratio are given in Table 5. As presented, the weights represent
the importance of ratios. As shown in Table 5, the net profit margin is the primary ratio.
This result is expected and contributes to our model's robustness. The profit is the
primary driver of a company. The outputs of Stage 2 are given in Table 5. Wxrepresents
the weight of each financial ratio calculated as the arithmetic mean of 3 experts'
assessments.
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Table 2 Company Names
BIST Code Company Name
AGESA Agesa Hayat ve Emeklilik
AKGRT Aksigorta
ANHYT Anadolu Hayat Emeklilik Anonim Sirketi
ANSGR Anadolu Sigorta
RAYSG Ray Sigorta
TURSG Tiirkiye Sigorta
Table 3 Financial Ratios of XSGRT (FRxy)
Criteria AGESA AKGRT ANHYT ANSGR RAYSG TURSG
Current Ratio 1.00 0.02 0.00 0.04 0.03 0.02
Quick Ratio 1.00 0.09 0.00 0.13 0.09 0.14
Cash Ratio 1.00 0.09 0.00 0.13 0.09 0.14
Debt Ratio 1.00 0.39 091 0.00 0.26 0.19
Shareholder’s
) 0.00 0.61 0.09 1.00 0.74 0.81
Equity/Assets
Net Profit Margin 0.00 0.48 0.09 1.00 0.82 0.87
Return on Equity 0.83 0.00 0.72 0.78 1.00 0.66
Sales Growth 0.22 0.00 0.14 0.23 0.32 1.00
Operating Profit
0.75 0.55 0.31 0.00 0.32 1.00
Growth
Shareholders’
. 0.09 0.00 0.24 0.92 0.81 1.00
Equity Growth

Table 4 Fuzzy Triangular Scale, Definitions and Saaty Scale(Buckley, 1985)

Z’ZZ:Z Definition Fuzzy Triangular Scale Reciprocal FSIZZZ Triangular
1 Equally Important [1,1,1] [1,1,1]
3 Weakly Important [2,3,4] [1/4,1/3,1/2]
5 Fairly Important [4,5, 6] [1/6,1/5, 1/4]
7 Strongly Important [6,7,8] [1/8,1/7,1/6]
9 Important [9,9,9] [1/9,1/9,1/9]
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Table 5 Weights of Criteria

Criteria Weight
Current Ratio 0.19
Quick Ratio 0.05
Cash Ratio 0.14
Debt Ratio 0.08
Shareholder's Equity/Assets 0.05
Net Profit Margin 0.38
Return on Equity 0.06
Sales Growth 0.01
Operating Profit Growth 0.02
Shareholders' Equity Growth 0.01

4.3. Stage-3 SOM Application for XSGRT Companies

The weights of financial ratios are the inputs of Stage 3. The equation is given as in Eq.
(4). In Eq. (4), x represents the financial ratios, and y represents the company index. TSy
represents the total score according to weights and company assessments. Fig. (3) and
Fig. (4) describe the graphical representation of the application of SOM for 6 candidates
for 3 clusters. Table 6 represents the total score of each company.

x Wy * Fny = TSy 4)
Table 6 Total Score
Company AGESA AKGRT ANHYT ANSGR RAYSG TURSG
TSy 0.59 0.22 0.25 0.42 0.45 0.58

Based on these results, SOM is performed for clustering. Based on the SOM classification,
the 6 companies are classified into 3 classes: A, B, and C. As shown in Table 7, AGESA is
the best-performing companies. AKGRT represents the lowest-performing company in
the XSGRT index.

4.4. Stage-3 SOM Application for XELKT Companies

The number of XSGRT sectors is limited. As a result, the proposed model is also
conducted in a sector with a number of companies. Energy is a major sector that has 31
companies registered in Borsa Istanbul. The same SOM application is performed for the
XELKT sector. The classification results after the SOM stage are given in Fig. (5) and Fig.
(6). Fig. (5) represents the split of data with weight positions, and Fig. (6) represents each
cluster member number.
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Table 7 Classification of XSGRT Companies

Company  AGESA AKGRT ANHYT ANSGR RAYSG TURSG

Total Score | 0.59 0.22 0.25 0.42 0.45 0.58
Class A C C B B A

The performance values based on Stage and 2 are given after the classification in Table 8.
As given in Table 8, there are only 3 companies under A class. This result shows the
importance of having a greater dataset for the model
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Table 8 XELKT Classification of Companies based on ABC Analysis

Company Name TSy Class
GWIND Giiris Wind Energy Inc. 0.61 A
MAGEN Marmara Enerji A.S. 0.51

TATEN Tarsus Termik Santrali Elektrik Uretim A.S. 0.48 A
ODAS Odas Elektrik Uretim A.S. 0.33 B
ESEN Eskisehir Enerji Santrali Elektrik Uretim A S. 0.32 B
IZENR [zmit Enerji Santrali Elektrik Uretim A.S. 0.29 B
ALFAS Alfa Solar Enerji Sanayi Ve Ticaret A.S. 0.28 B

AYDEM AYDEM Enerji 0.27 B
NATEN Narlidere Termik Santrali Elektrik Uretim A.S. 0.27 B
ARASE Aras Elektrik Dagitim A.S. 0.26 B

BIOEN Biogaz Enerji Uretim A.S. 0.26 B
AHGAZ Ahmetbey Gaz Dagitim A.$. 0.24 B
ENJSA Enerjisa Enerji Satis A.S. 0.24 B
CANTE Canakkale Termik Santrali Elektrik Uretim A.S. 0.24 B
NTGAZ Natura Gaz Dagitim A.S. 0.23 B
ZEDUR Zeytinburnu Enerji A.S. 0.22 B
SMRTG Smart Energy A.S. 0.22 B
AKENR Akenerji Elektrik Uretim A.S. 0.19 C
CWENE Catalagzi Wind Energy Inc. 0.19 C
AKSUE Akgansa Ustyap1 ve Enerji Yatirimlar1 A.S. 0.19 C

AYEN Ayen Enerji A.S. 0.19 C
AKFYE Akfen Yenilenebilir Enerji A.S. 0.19 C
AKSEN Akgansa Cimento Sanayi ve Ticaret A.S. 0.17 C
ENERY Enerjisa Enerji Uretim A.S. 0.15 C

MOGAN Mogan Enerji A.S. 0.14 C
BASGZ Baskent Gaz Dagitim A.S. 0.14 C
KARYE Karadeniz Enerji A.S. 0.14 C

CATES Catalagzi Termik Santrali Elektrik Uretim A S. 0.14 C
ZOREN Zorlu Enerji Elektrik Uretim A.S. 0.12 C

HUNER Hiinkar Enerji A.S. 0.10 C

CONSE Corlu Dogalgaz Santrali Elektrik Uretim A.S. 0.09 C

Journal of the Human and Social Science Researches | ISSN: 2147-1185 |www.itobiad.com



625 eitobiad -Researh Article

5. Conclusion

Financial ratios are essential inputs for the assessment of a company's performance.
MCDM is a group of methods used to analyze and assess alternatives and eventual
choices. This study aims to apply a known MCDM for analysis and assessment, among
other options. The proposed research employs a 3 stage application for converting
financial ratios and expert opinions for the classification of companies. The outputs of the
first stage are financial ratios. The most essential 10 financial ratios defined in another
study are chosen. Based on expert opinions, Net Profit Margin, Cash Ratio and Current
Ratio are the criteria with the highest weights. In the second stage, FAHP is applied to
define weights based on experts' opinions. Three experts are used for the assessment. For
the third stage, inputs from the first and second stages, namely financial ratios and
weights, are used.

The performance of each company is calculated based on the weights and financial ratios.
The results showed that AGESA performs best and AKGRT has the lowest performance.
Their performance is 0.59 and 0.22 on a scale between 0 and 1. In the last stage, the SOM
method is performed for clustering, and based on this clustering, 2 companies are
classified under the A class, AGESA and TURSG, while AKGRT and ANHYT are within
the lowest class of C. The study is new in the literature as it integrates FAHP and SOM
methods for financial assessment. The use of unsupervised clustering techniques for
classification is important for classifying inputs. The study is conducted in the insurance
sector XSGRT registered in Borsa Istanbul. To the best of our research, such an application
is new in the literature. Due to the limitations given below, the same model is applied in
a different sector. The XELKT sector that covers companies in electricity is used for the
assessment. 3 companies are classified as A group under 31 companies registered in the
sector. The companies registered are GWIND, MAGEN and TATEN.

The study has limitations. The model has a limited dataset. The 6 companies for XSGRT
and 31 companies for XELKT may not be adequately assessed, but the database will be
extended for further research. Also, 3 experts may not be enough to cover a wide range
of opinions. 3 experts are chosen with enough experience, but additional experts may
contribute to the enrichment of the potential of the proposed method. The selection of 10
ratios may not adequately assess the importance of companies. Future research will focus
on improving the limitations. The expert pool will be extended to cover a broader range
of inputs. Manual calculation of financial ratios limits the applicability of the proposed
model. Software using automated data retrieval and financial ratio calculation may be
beneficial for extending the proposed model to a broader range.

Based on our assessment, the study performed an analysis as expected. The study
achieved its goal of classifying insurance companies using financial ratios. The study was
also performed to assess the importance of financial ratios. Net profit margin is found to
be the most important financial ratio. This finding is also confirmed by the findings of the
study (Vibhakar et al., 2023). The main area for researchers is to extend the study with
an extended pool of experts to have a more homogenous assessment. Also, applications
in different sectors may help to apply to different datasets. A comparison with different
assessments, such as those of experts, may help analyze the discrepancies.
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