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Prediction of Independent Audit Firm Switching By Using Machine Learning

Methods: The Case of Tiirkiye

Ahmet CANKAL!
Erdem KURKLU?

Abstract

This study aimed to predict independent audit firm switching of the companies traded in Borsa Istanbul Star Market (BIST
STARS) in Tiirkiye by using financial ratios and machine learning algorithms. In this context, 13 financial datasets of 158
companies traded in BIST STARS in the 2019-2021 period were used as input variables. First, the significance values of the
input variables were found by using the Mutual Information (MI) method. Then, input variables were grouped sequentially in
order of importance to select the most accurate subset representing the data. Among the machine learning algorithms, Support
Vector Machine, Decision Tree, Random Forest, Naive Bayes,K-Nearest Neighbors, and XGBoost algorithm methods were
used for group selection. GridSearchCV technique was applied to optimize the initial parameters of the methods. As a result
of the experiments, the XGBoost algorithm was found to be the most successful method in predicting the change of
independent audit firm with an accuracy value of 88.4%. It was sufficient for the method to use 8 attributes selected from 13
financial datasets. On the other hand, the Return on Assets (ROA) was determined as the most important attribute.

Keywords: Audit Firm Switch, Financial Ratios, Machine Learning, Mutual Information.

JEL Codes: M49, M42, E37, C38, C53.

Makine Ogrenmesi Yontemlerini Kullanarak Bagimsiz Denetim Firma Degisikliginin Tahmini:
Tiirkiye Ornegi
0z

Bu galismanin amaci, Tiirkiye'de Borsa Istanbul Yildiz Pazar’da (BIST Yildiz Pazar) islem goren isletmelerin bagimsiz denetim
firmas1 degisikligini, finansal oranlar ve makine 6grenmesi algoritmalar kullanarak tahmin etmektir. Bu kapsamda, 2019-2021
déneminde Borsa Istanbul Yildiz Pazar’da islem goren 158 isletmeye ait 13 finansal veri kiimesi girdi degiskenleri olarak
kullamlmustir. Oncelikle Mutual Information (MI) yontemi kullamilarak girdi degiskenlerinin énem degerleri bulunmustur. Daha
sonra girdi degiskenleri 6nem sirasina gore gruplandirilarak veriyi en dogru sekilde temsil eden alt kiime segilmistir. Makine
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PREDICTION OF INDEPENDENT AUDIT FIRM SWITCHING BY USING MACHINE LEARNING METHODS: THE CASE OF

1. INTRODUCTION

Companies often tend to switch with a new audit firm due to reasons such as financial difficulties,
disagreements with the audit firm, changes in company management, etc. These changes can be
perceived by the market as a signal that the company is facing difficulties. In this case, the company's
reputation and market value may be damaged (Black, 2013). Therefore, the transition of companies
from the Big Four audit firms to other audit firms or from other audit firms to the Big Four audit firm
can directly affect the quality of the companies' financial reports, investor confidence, and market
value (Jain and Agarwalla, 2023). Choosing the wrong audit firm can both jeopardize the accuracy
of financial reports and damage the company's reputation (Guo et al., 2023).

The study was conducted to develop a model that can predict audit firm switching in public
companies other than the mandatory rotation. Therefore, it is thought that developing a data-driven
model that predicts audit firm switching with financial ratios and machine learning methods will
eliminate the uncertainties in audit firm changes. Thus, it is aimed at adding a new dimension to the
existing studies on audit firm switching.

Using the model created, company managers can more clearly assess whether they can afford the
costs of working with a large audit firm and whether this will contribute to the company. Companies
can evaluate whether it is appropriate to work with the Big Four according to their growth targets
and international expansion plans. The model developed using machine learning can reinforce the
perception among investors, shareholders, and creditor financial institutions that companies working
with the Big Four are under strict supervision and have more reliable financial reports. Furthermore,
demonstrating the impact of financial ratios on audit firm switch through the model could open up
opportunities for new academic research.

It is thought that estimating the audit firm switching of public companies in Tiirkiye with the help of
financial ratios will be effective. When studies in literature are evaluated in general, it has been
determined that the most used statistical methods are surveys, questionnaires, logistic regression and
discriminant analysis. However, the number of studies predicting the switching of audit firms by
using machine learning algorithms and financial ratios is limited. It is thought that estimating the
switching of independent audit firms with financial ratios and machine learning algorithms such as
SVM (Support Vector Machine), DT (Decision Tree), RF (Random Forest), NB (Naive Bayes), KNN
(K-Nearest Neighbors) and XGBoost will fill the gap in the literature on this subject.

The research consists of 6 sections. In the introduction section, the problem determination, the
importance of the subject and its contribution to the solution of the problem are explained. Then, the
literature is reviewed and previous studies, their methods and findings are summarized. In the
methodology section, information about the methods used in the research is given. In the dataset
section, sample selection, characteristics and formulas of dependent and independent variables used
in the research are explained. In the experiments section, application stages and results are reported.
According to these results, the comparison of models and the importance levels of variables are
determined. In the last section, the findings are interpreted and compared with the literature.

2. LITERATURE REVIEW

Audit firm switching is carried out on two bases: mandatory and voluntary. While mandatory audit
firm switching is carried out due to legal regulations, voluntary audit firm switching is carried out in
line with the wishes of the management (Susanto, 2018). There are many factors behind the voluntary
audit firm switching decision (Aisyah and Faridah, 2023). Some studies in the literature on these
factors are listed below:

Kwak et al. (2011) used 13 financial ratios and multi-criteria linear programming and data mining
approaches to predict audit firm switching. The data set consists of 790 company-years that switched
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audit firms and 1,132 company-years that did not switch audit firms between 2007-2008 from
Compustat database. Data mining techniques such as MCLP, BayesNet, CART and linear logistic
regression methods were used. As a result of the research, the general accuracy rate of the models
predicting audit firm switching was found to be around 60% on average. It was also shown that
companies that switched audit firms had lower liquidity, lower profitability, lower asset turnover and
tended to pay less dividends than companies that did not switch audit firms.

Nazri et al. (2012) investigated the factors affecting audit firm switching using 18 years of data from
400 companies listed in Bursa Malaysia between 1990 and 2008. They found that management
changes, firm size, audit opinion and change in sales were effective in audit firm switching.

Kirkos (2012) tried to develop models that predict audit firm switching using financial variables and
data mining techniques. Using the FAME (Financial Analysis Made Easy) database, he determined
the firms that changed their audit firms between 2003-2005 from the firms belonging to the UK and
Ireland. The dataset consists of 338 firm-year observations, 169 firms that switched their audit firms
and 169 firms that did not switch their audit firms. He selected 6 variables from 59 financial variables
of the firms by applying correlation-based feature selection. Then, he compared the success of the
models using 6 different data mining methods. Bayesian Network was the most successful method
with an accuracy rate of 84.6%. According to the study results, data mining techniques outperform
logistic regression.

Black et al. (2013) analyzed whether audit firm switch can be predicted by applying discriminant
analysis and logistic regression to companies traded on the Athens Stock Exchange. The dataset of
the study consists of 268 companies traded between 2008-2009. As a result of the analysis, they
determined the accuracy of audit firm switch prediction as 92.5% using four financial ratios and
logistic regression. They stated that these financial ratios are very good predictive variables in
predicting audit firm switch. The financial ratios used in the model are Working Capital/Total Assets,
Return on Assets, Market Value of Equity/Book Value of Total Debt, Sales/Total Assets.

Unal and Altay (2015) investigated the link between corporate governance and audit firm switch
using logistic regression analysis on 882 firm-year observations from companies in the
manufacturing sector of Borsa Istanbul between 2005 and 2013. Their findings showed that several
factors influence audit firm switching, including the composition of the board of directors and
ownership structure, the market-to-book value ratio, the logarithm of total assets, the current ratio,
and the status of the CEO within the company.

Chung et al. (2021) examined the impact of audit firm switching on audit opinion and quality using
8136 firm-year observations from public companies obtained from the Korean Information Service
(KIS) between 2011 and 2016. They found that audit quality deteriorated and investors' trust in
companies decreased after audit opinion shopping. They also found that audit firm switch harmed
auditor independence and distorted the company's financial information.

Kamarudin et al. (2022) examined 28,073 observations across five Asian countries (Indonesia,
Malaysia, Philippines, South Korea, and Thailand) from 2007 to 2016. They explored how auditor
switching impacts conditional conservatism and how moving between Big Four auditors and industry
specialists influences earnings quality. They found that transitions from firms other than the Big Four
to the Big Four will result in high conservatism. They showed that transitions from the Big Four to
others will lead to low conditional conservatism.

Ding et al. (2022) examined the impact of industry specialization on audit quality by analyzing 2,364
audit firm switches made by publicly listed companies in China between 2006 and 2015. Their study
found that switching audit firms is often associated with poor financial prospects and low audit
quality. Aisyah and Faridah (2023) examined the factors affecting audit firm switching using logistic
regression method on a total of 252 samples using 6-year data of 42 companies listed on Indonesia
Stock Exchange (BEI). As a result of the study, they showed that audit delay, going concern, audit
opinion, management changes, auditor reputation and company size have no effect on auditor
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switching.

Altass (2023) used 168 company-year data from 2015 to 2018 for construction materials companies
listed in the Tadawul All Share (TASI) index. Based on these data, the relationship between audit
firm switching, auditor tenure and business performance was examined with a regression model. As
a result of the study, it was found that audit firm switching did not affect business performance. In
addition, no relationship was found between auditor tenure and business performance.

Saluy et al. (2024) surveyed with 175 auditors in Indonesia and found that factors such as audit fees
and internal control had a significant impact on auditor turnover.

It has been determined that the studies examining audit firm switching in the literature generally
address variables such as audit opinion, management change, firm size, audit quality, audit fee and
financial failure. However, the number of studies on predicting audit firm switching by using
machine learning algorithms and financial ratios is limited. Therefore, the use of machine learning
algorithms such as SVM (Support Vector Machines), DT (Decision Trees), RF (Random Forests),
NB (Naive Bayes), KNN (K-Nearest Neighbors) and XGBoost has the potential to fill the gap in the
literature. Such algorithms, especially by making predictions on financial ratios, can help develop
more sensitive and predictive models regarding audit firm switching. This will contribute to the
existing literature and fill an important gap in both academic and practical terms.

3. METHODOLOGY

The learning process includes processes such as classification, regression, clustering, and attribute
extraction. Learning from data is defined as the creation of a learning machine or algorithm that
allows the estimation function to be determined based on a limited number of training data. Owing
to these characteristics, learning with data-based methods (data mining) is used in many areas like
marketing, finance, management, engineering, production, industry, banking, health, tourism, and
medicine (Chunhong and Licheng, 2004). In the process of separating these data sets into certain
classes according to their common characteristics, various classification methods are needed. Various
algorithms have been developed for this purpose. The main algorithms used in this regard can be
listed as entropy-based classification (C4.5 algorithm, C5.0 algorithm), Regression and Decision
Trees (Gini algorithm, Twoing algorithm), Memory-Based Algorithms (K-nearest neighbor
algorithm), Bayesian Classifiers, Regression Trees, Support Vector Machines, and Random Forest
(Okun, 2011).

Among these algorithms, to determine whether an effective estimation of the audit firm switch would
be made and to identify the significance levels of the determined data sets (financial ratios), the
correlation between the dependent variable (audit firm switch) and the input variables (financial
ratios) has been explained using Support Vector Machines, Decision Trees, Random Forest, Naive
Bayes, K-Nearest Neighbor, and XGBoost classification algorithms. The purpose here is to establish
an estimation model that predicts the correlation between dependent and input variables to have the
best fit. Descriptive information about the machine learning system used in the research are presented
below.

3.1. Support Vector Machines (SVM)

A support vector machine (SVM) is a supervised machine learning method that can produce high
accuracy with a low number of data in both regression and classification. SVM estimates the
appropriate function to classify the data. (Ghosh et al., 2019). SVM method also directs many current
developments in kernel-based methods. SVM is similar to neural networks and radial-based artificial
neural networks, but it is generally indicated that it performs better than these algorithms. This
learning algorithm is seen as an alternative training technique for Polynomial, Radial Basic Function
and Multilayer Perceptron (Artificial neural network) classifiers. The underlying idea in the
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technique is to create an optimal hyperplane that maximizes the margin between classes of data
(Pradhan, 2012). The number of samples to be used in SVMs is not important. SVM also has the
ability to generalize data that has not been seen during training, as it classifies them as problem-free.
Its ability to generalize makes SVM a good alternative to other techniques. SVMs can be run on
classification and regression problems. Thus, it has been observed that they are more successful in
comparison to statistical methods in various areas such as predicting stock market index movements,
predicting financial information manipulations, or creating early warning systems against financial
failures (Cao and Tay, 2003).

3.2. Decision Tree (DT)

A decision tree is a type of supervised learning algorithm that does not rely on parametric
assumptions and is used for both regression and classification tasks. It is structured hierarchically
like a tree, with key components including a root node, branches, internal nodes, and leaf nodes. Each
internal node represents a decision point based on a feature, while the branches represent possible
outcomes, and the leaf nodes indicate final classifications or predictions (Song and Lu, 2015). The
first step taken in creating a decision tree is to determine according to which criterion the branching
in the tree will be made or according to which attribute values the tree structure will be created
(Seethapathy and Babu, 2021). For this reason, a variety of algorithms have been developed in the
literature such as C4.5, C5.0, CHAID, CART, and ID3 (Patel and Prajapati, 2018). Decision trees
are commonly used as they can be easily implemented in integration with databases (Nassif et al.,
2013). DT is based on investigating all possible relationships between dependent and independent
variables to obtain the best prediction (Seethapathy and Babu, 2021, p.14-15). When the independent
variable with the highest relationship is determined, the data set is divided into two according to the
values of this independent variable. This process continues until all separations are completed. The
decision rules reflected by the logical model presented by decision trees are clear enough to be easily
understood by humans. This method has a wide range of applications since it possesses features such
as having high classification accuracy rate and producing simple rules (Barros et al., 2012, p.1237).

3.3. Random Forest Algorithm (RF)

Random forest is proposed by Leo Breiman (2001), a machine learning algorithm widely used in
classification and regression problems, based on combining the output of multiple decision trees to
reach a single result. (Boulesteix et al., 2012; Liaw and Wiener, 2022). On the basis of the RF
algorithm is a single decision tree, a model that uses binary splits on variables to predict outcome. In
this method, random feature selection is made to divide the nodes into branches and certain weight
values are assigned to their decision trees (Breiman, 2001; Siva et al., 2012). At each node of the
decision tree, the feature and corresponding split value that best optimize the splitting criterion are
selected. The prediction errors for all decision trees are calculated, with higher weights assigned to
trees that achieve the lowest errors and lower weights to those with the highest errors. These weights
play a crucial role in the voting process during class estimation. The votes from all trees are then
combined, and the final decision is determined based on this collective voting process (Chen et al.,
2009).

3.4. Naive Bayes Algorithm (Naive Bayes-NB)

The Naive Bayes classifier is a widely used supervised machine learning classifier known for its
simplicity. When this classifier is given the likelihood of an event that has already occurred, it finds
the probability of another event occurring (Al-Garadi et al., 2020). This approach allows the
algorithm to make predictions quickly and accurately (Srinivasa et al., 2020). Therefore, it has been
successfully used in many applications such as weather prediction services, customer credit
evaluations, health condition categorizations and so on (Yang, 2018).

3.5. XGBoost Algorithm (XGBoost)

The XGBoost algorithm, introduced by Chen and Guestrin (2016), is a powerful machine learning
framework for tree boosting and has gained wide support in academic research (Liu, 2021). It
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enhances model performance by combining weak base learners into a stronger model through
iterative training. In each iteration of gradient boosting, the residuals from the previous model are
used to adjust and optimize the next model, allowing the indicated loss function to be minimized
more effectively with each step. This iterative process strengthens the overall predictive accuracy of
the final model. The algorithm has attracted attention as it has won many Kaggle competitions.
XGboost is used in structured or tabular data sets in regression and classification problems (Zhou et
al., 2021, p.28). XGBoost is an improved implementation of the basic Gradient Boosting Machines
framework through system optimization and algorithmic improvements (Chen and Guestrin, 2016).

3.6. K-Nearest Neighbors Algorithm (KNN)

The KNN algorithm is one of the algorithms widely used for classification and regression problems
that make predictions based on the distances of observations to each other. Many functions are used
for similarity and distance measurements. It is classified according to the proportion of similar
examples among nearest neighbors. It has been applied in many fields such as pattern recognition,
object recognition, and text recognition (Han et al., 2011; Hu et al., 2016; Abu Alfeilat et al., 2019).

4. DATASET

In this environment, where the full application of the principle of financial transparency, which is of
great importance for information users such as investors, lenders, and regulatory bodies, in the
markets is discussed, there is no information sharing about the factors according to which the
independent audit firm switching of the enterprises are made. Due to this gap, a literature review was
conducted on which factors businesses are affected in their independent audit firm switching,
although many factors were identified, it was observed that the weighted point of the studies was
audit fee and financial performance factors (Nasser et al., 2006; Wan Mohamed et al., 2007; Ettredge
et al., 2007; Ismail et al., 2008; Calderon and Ofobike, 2008; Chen et al., 2008; Kwak et al., 2011;
Eldridge et al., 2012; Huang and Scholz, 2012; Suyono et al., 2013; Black et al., 2013). However, as
the data on audit fees in Tiirkiye only show the revenue generated by the audit firms from the total
audit of that year and the audit fee is not reflected on the client business basis, the present study
focused on the financial performance variable. In this respect, the latest research aimed to estimate
the factors affecting the independent audit firm switching of the companies traded in BIST STARS
(Borsa Istanbul Stock Exchange Star Market) by using Machine Learning algorithms. Companies
with market capitalization of shares in actual free float > 1 Billion TL and meeting other requirements
are listed on BIST STARS. Information about the calculation of 1 dependent and 13 input variables
created for use in machine learning algorithms is presented in Table 1.

Table 1. Variables Used in the Model

Dependent Input Variables Calculation
Variable
Current Ratio (CUR) Current Assets / Short Term Liabilities
Liquidity Ratio (LIR) (Current Assets-Inventories) / Short Term
Liabilities
Cash Ratio (CAR) (Current Assets-Inventories-Receivables)
/Short Term Liabilities
Financial Debt Ratio (FDR) Financial Liabilities / Total Assets
Audit Firm Leverage Ratio (LER) Total Liabilities / Total Assets
Switching (AFS)
Asset Turnover Ratio (ATR) Net Sales /Total Assets
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Inventory Turnover Ratio (ITR) Cost Of Sales/ Average Stock Amount
Return on Assets (ROA) Net Profit /Total Assets

Gross Profit Margin (GPM) Gross Sales Profit / Revenue

EBITDA Margin (EBM) EBITDA / Revenue

Net Profit Margin (NPM) Net Profit / Revenue

Return on Equity (ROE) Net Profit / Equity

Return on Invested Capital Net Operating Profit After Tax / Invested
ROIC) Capital

Source: Saalem and Rehman, 2011; Adjirackor et al., 2017

While the dependent variable used in the study was defined as Audit Firm Switching (AFS), the input
variables were determined as Return on Assets (ROA), Financial Debt Ratio (FDR), Net Profit
Margin (NPM), Return on Invested Capital (ROIC), EBITDA Margin (EBM), Leverage Ratio (LER),
Inventory Turnover Ratio (ITR), Current Ratio (CUR), Gross Profit Margin (GPM), Cash Ratio
(CAR), Liquidity Ratio (LIR), Asset Turnover Ratio (ATR), and Return on Equity (ROE).

The data related to these input variables, which were thought to best represent the financial
capabilities of the enterprises, were obtained from the website of Fintables Informatics Technologies
Inc. which included the financial data analyses of the enterprises, covering the years 2019-2021.
Since these input variables, which were determined in order to reveal the correlation between
financial ratios and independent audit firm switching, were taken as indicators that could directly
affect financial performance in many studies (Cheng et al., 2005; Lei and Liu, 2021; Yim and
Mitcbell, 2005; Lin, 2009), it was deemed appropriate to use them in this study as well.

While classifying the dependent variable of the research, if the audit firm switching (AFS) of the said
enterprises was one of the four major audit firms (Ernst and Young-Guney Independent Audit, PWC
- Basaran Nas Independent Audit, Deloitte - DRT Independent Audit, KPMG-Akis Independent
Audit) it was given the value of 1, while it was given the value of 0 for an audit firm other than the
four major firms.

In this study, data from companies operating continuously in the Borsa Istanbul Star Market (BIST
STARS) between 2019 and 2021 were analyzed. In the following years, changes in market categories
and the number of companies listed may occur due to factors such as the periodic performance of
companies, sector conditions, new public offerings, and other requirements. Accordingly, the number
of companies included in BIST STARS is likely to change over time. The data set of the research
consisted of 474 data sets - 158 companies each year - between 2019-2021. Since classical statistical
methods can be partially successful in the estimation phase, it was preferred to use SVM, RF, DT,
KNN, NB, and XGBoost algorithms, which are among the machine learning methods that can learn
from samples in recent years, can give a higher accuracy rate with fewer data sets, have generalization
ability, and have fewer assumptions compared to statistical methods.

5. EXPERIMENTS

The study was coded using the Python 3.6 scikit-learn library. 80% of the data belonging to the
variable group were used as training data and 20% as test data.
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Figure 1. The Process of the Experiment

The process steps performed for the research and the information about these processes are presented
in Figure 1.

Table 2. Initial Data Set Descriptive Statistics

CUR LIR CAR FDR LER ATR ITR ROA GPM EBM NPM ROE ROIC
Number 474 474 474 474 474 474 474 474 474 474 474 474 474
Average 1.9 1.4 0.7 26.7 53.8 0.9 9.9 8.9 25.5 16.0 11.2 19.8 22.5
Std. 1.9 1.8 1.6 20.4 252 0.7 15.6 12.5 20 19.2 25.4 293 36.6
Min 0.1 0.09 0 0 0.9 0 -0.2  -38.1  -379 -845 -116  -118  -103.2
25% 1 0.6 0.09 9.03 35.8 0.4 3.1 1.7 13.8 7.9 1.7 4.2 4.5
50% 1.3 0.9 0.2 255 57.0 0.8 5.3 6.3 222 15.2 7.6 18.5 21
75% 2.1 1.5 0.6 39.6 72.7 1.2 9.8 14.4 325 223 16.9 322 42
Max 14.6 145 17.3  158.8 260.5 43  124.6 75 1184 949 177.1 3395 199
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The Mutual Information method was used to identify attributes with high importance levels in the
data set. Mutual Information (MI) measures the amount of information that a random variable can
obtain about the other random variable (Witten, 2016). Mathematically, mutual information is
expressed for the two abstract random variables of x and y as (Peng et al., 2005):

p(x,y)
106 Y)_ﬂ (xy)logp( () dxdy

Here, p (x,y) shows relative density function,
for x and y, p(x) and p(y) represent marginal probability density function.

The application of Mutual Information (MI) as an attribute evaluation method offers significant
advantages due to its independence from any specific classifier and its lack of reliance on parameter
tuning. This characteristic ensures ease of implementation and robust generalization across various
datasets. Table 3 presents the ranked importance of variables determined through MI. The variables
were categorized into 11 distinct Input Variable Groups (IVGs). For instance, the first three variables
ranked by importance—Return on Assets (ROA), Net Profit Margin (NPM), and Financial Debt
Ratio (FDR)—constituted IVG (1)-(3). Similarly, as additional variables were incorporated, groups
expanded sequentially, such as IVG (1)-(4) consisting of ROA, NPM, FDR, and Return on Invested
Capital (ROIC), and so forth up to IVG (1)-(13).

Table 3. Mutual Information Importance Ranking of the Variables Used in the Study

Input Variable Ranking Mutual Information Value Input Variable Group
ROA 1 0.0580

NPM 2 0.0362

FDR 3 0.0300 IVG (1)-(3)
ROIC 4 0.0284 IVG (1)-(4)
EBM 5 0.0256 IVG (1)-(5)
LER 6 0.0211 IVG (1)-(6)
CAR 7 0.0210 IVG (1)-(7)
ITR 8 0.0202 IVG (1)-(8)
ATR 9 0.0063 IVG (1)-(9)
GPM 10 0.0053 IVG (1)-(10)
ROE 11 0.0023 IVG (1)-(11)
CUR 12 0.0000 IVG (1)-(12)
LIR 13 0.0000 IVG (1)-(13)

The Mutual Information (MI) values presented in Table 3 determine the effect of the variables used
in the study on independent audit firm switch. The variable with the highest MI value is ROA
(0.0580), which stands out as the most important factor in independent audit firm switch. This is
followed by NPM (0.0362) and FDR (0.0300). This finding suggests that profitability and financial
leverage ratios are key determinants of independent audit firm switching.

On the other hand, the zero MI values of LIR (0.0000) and CUR (0.0000) indicate that these variables
do not provide significant information gain in relation to audit firm switching. Variables such as
ROE, GPM, and ATR also have low MI values and make limited contributions to the predictive
power of the model.
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These input variable groups served as the basis for applying machine learning classification
algorithms, specifically Support Vector Machines (SVM), Random Forest (RF), Decision Trees
(DT), k-Nearest Neighbors (KNN), Naive Bayes (NB), and XGBoost. The objective was to estimate
audit firm switching, designated as the dependent variable. This methodological approach ensures
consistency with established literature and highlights the practical utility of MI in variable selection
for machine learning tasks.

Mutual Information Value

0.07
0.06
0.05
0.04

0.03

0.02
0.01 H
0 — = D D O

ROA NPM FDR ROIC EBM LER CAR ITR ATR GPM ROI CUR LIR

Figure 2. Feature importance values

Considering that there are many hyperparameters for machine learning algorithms and many values
that these hyperparameters can take, it is necessary to choose the best parameter combination to be
used in SVM, RF, DT, KNN, NB, and XGBoost methods. In this respect, especially when working
with small data sets, GridSearchCV (GridSearch+Cross-Validation) hyperparameter optimization
method, which gives successful results in determining the hyperparameter set with the best
performance, was preferred (Shuai et al., 2018). In this method, separate models are set with all
combinations for the hyperparameters and values desired to be tested, and the most successful
hyperparameter set is determined according to the metrics established. The parameters and their
potential values used in the GridSearchCV method in the study are presented in Table 4.

Table 4. Values Used in Parameter Optimization

Models Parameter Parameter’s Value
C 0.1,1,5,10,15,20,100,1000
SVM kernel rbf, linear, poly, sigmoid
degree 3,8
n estimators 1,5,10,50,100
max depth 4,5,6,7,8,9,10
RF min samples leaf 2,10,20
min samples split 10,15,20
criterion gini, entropy
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subsample

colsample bytree

8]
7]

max features auto, sqrt
max leaf nodes 2-100
min samples leaf 1-5
min sample split 2,34
DT o o
criterion gini, entropy
max depth 2,3,4,5,6,7,8,9,10,11,12
max features auto, sqrt, log2
n-neighbors range (1,30)
leaf size 20,40,1
p 1,2
KNN
weights ‘uniform', 'distance’
algorithm ‘auto’, 'ball_tree', 'kd_tree', 'brute’
metric 'Minkowski', 'chebyshev'
NB Priors [None, [0.1,]* len (n_classes),]
var_smoothing [1e-9, 1e-6, le-12]
Objective ['binary: logistic']
learning_rate [0.001, 0.01, 0.1, 0.20, 0.25, 0.30]
max_depth [3.,4,5,6,8,10,12,15]
XGBoost  min_child weight [1,5,10,11]
(0.
(0.
(5,

n_estimators

5,100,500,1000]

5.1. Findings

After the parameters required for the models were determined with the GridSearchCV method, with
each of the SVM, RF, DT, KNN, NB, and XGBoost machine learning methods, 66 estimation models
for 11 different variable groups were established. In order to measure the success rate of the
estimation models, the performance values used for classification like accuracy, precision, recall, f1-

score, and Cohen’s Kappa values were calculated and presented in Table 5

Table 5. Prediction Result of Models According to the Variants of Test Input Variable

Model Input Variable Group Accuracy Precision Recall F1 Score Kappa
IVG (1)-(3) 0.621 0.521 0.621 0.501 -0.006
IVG (1)-(4) 0.642 0.616 0.642 0.568 0.090
IVG (1)-(5) 0.747 0.750 0.747 0.729 0.408
IVG (1)-(6) 0.716 0.717 0.716 0.688 0.321
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TURKIYE

IVG (1)-(7) 0.747 0.742 0.747 0.739 0.430

SVM IVG (1)-(8) 0.705 0.696 0.705 0.695 0.335
IVG (1)-(9) 0.737 0.768 0.737 0.700 0.354

IVG (1)-(10) 0.695 0.684 0.695 0.683 0.307

IVG (1)-(11) 0.684 0.672 0.684 0.670 0.278

IVG (1)-(12) 0.684 0.673 0.684 0.656 0.250

IVG (1)-(13) 0.695 0.689 0.695 0.665 0.270

IVG (1)-3) 0.653 0.632 0.653 0.625 0.180

IVG (1)-(4) 0.726 0.735 0.726 0.697 0.341

IVG (1)-(5) 0.716 0.711 0.716 0.713 0.378

IVG (1)-(6) 0.758 0.753 0.758 0.751 0.457

IVG (1)-(7) 0.758 0.757 0.758 0.745 0.443

IVG (1)-(8) 0.768 0.765 0.768 0.761 0.478

RF IVG (1)-(9) 0.789 0.791 0.789 0.780 0.519
IVG (1)-(10) 0.789 0.787 0.789 0.786 0.537

IVG (1)-(11) 0.705 0.698 0.705 0.698 0.343

IVG (1)-(12) 0.811 0.808 0.811 0.808 0.583

IVG (1)-(13) 0.779 0.776 0.779 0.777 0.516

IVG (1)-(3) 0.632 0.608 0.632 0.608 0.142

IVG (1)-(4) 0.653 0.647 0.653 0.649 0.240

IVG (1)-(5) 0.653 0.689 0.653 0.659 0.307

IVG (1)-(6) 0.705 0.696 0.705 0.695 0.335

IVG (1)-(7) 0.684 0.698 0.684 0.688 0.345

IVG (1)-(8) 0.663 0.659 0.663 0.661 0.267

DT IVG (1)-(9) 0.768 0.766 0.768 0.767 0.496
IVG (1)-(10) 0.674 0.710 0.674 0.679 0.349

IVG (1)(11) 0.737 0.759 0.737 0.741 0.463

IVG (1)-(12) 0.737 0.752 0.737 0.741 0.457

IVG (1)-(13) 0.705 0.714 0.705 0.708 0.381

IVG (1)-3) 0.642 0.614 0.642 0.588 0.115

IVG (1)-(4) 0.663 0.647 0.663 0.620 0.178

IVG (1)-(5) 0.684 0.673 0.684 0.656 0.250

A IVG (1)-(6) 0.737 0.733 0.737 0.734 0.424
IVG (1)-(7) 0.579 0.619 0.579 0.586 0.165

IVG (1)-(8) 0.579 0.671 0.579 0.578 0.216
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IVG (1)-(9) 0.568 0.653 0.568 0.568 0.193
IVG (1)-(10) 0.579 0.66 0.579 0.580 0.208

IVG (1)-(11) 0.568 0.664 0.568 0.566 0.201

IVG (1)<(12) 0.558 0.657 0.558 0.554 0.186

IVG (1)-(13) 0.547 0.650 0.547 0.542 0.171

IVG (1)-3) 0.663 0.653 0.663 0.655 0.249

IVG (1)-(4) 0.716 0.708 0.716 0.708 0.363

IVG (1)-(5) 0.726 0.721 0.726 0.722 0.398

IVG (1)-(6) 0.747 0.743 0.747 0.744 0.444

IVG (1)-(7) 0.726 0.721 0.726 0.722 0.398

KNN  IVG (1)-(8) 0.653 0.664 0.653 0.657 0.275
IVG (1)-(9) 0.789 0.788 0.789 0.782 0.525

IVG (1)-(10) 0.811 0.811 0.811 0.804 0.572

IVG (1)(11) 0.779 0.775 0.779 0.775 0.510

IVG (1)-(12) 0.779 0.776 0.779 0.773 0.504

IVG (1)-(13) 0.768 0.764 0.768 0.763 0.484

IVG (1)-3) 0.684 0.684 0.684 0.684 0.321

IVG (1)-(4) 0.716 0.748 0.716 0.669 0.292

IVG (1)-(5) 0.737 0.735 0.737 0.720 0.387

IVG (1)-(6) 0.768 0.771 0.768 0.755 0.464

IVG (1)(7) 0.758 0.753 0.758 0.751 0.457

XGBoost  IVG (1)-(8) 0.884 0.884 0.884 0.884 0.750
IVG (1)-(9) 0.874 0.874 0.874 0.872 0.722

IVG (1)-(10) 0.853 0.853 0.853 0.853 0.683

IVG (1)-(11) 0.821 0.819 0.821 0.819 0.608

IVG (1)-(12) 0.863 0.863 0.863 0.863 0.704

IVG (1)-(13) 0.811 0.808 0.811 0.808 0.583

As seen in Table 5, the highest accuracy rate was achieved with different numbers of variables (IVG)
for each method in the prediction models created with machine learning methods. The XGBoost
model showed the highest performance with an Accuracy value of 0.884, followed by the Random
Forest (RF) and K-Nearest Neighbors (KNN) models with Accuracy values of 0.811. The Decision
Tree (DT) model showed lower performance with Accuracy values of 0.768, the Support Vector
Machine (SVM) model with Accuracy values of 0.747, and the Naive Bayes (NB) model with
Accuracy values of 0.737. These results show that XGBoost is more successful than other models in
predicting the independent audit firm switch. However, it is thought that this high accuracy rate is
not only due to the XGBoost algorithm, but also the features in our dataset and the MI feature
importance value method make significant contributions to the accuracy. The fact that different input
variable groups change the model performance shows that feature selection is a critical factor that
directly affects the model success.
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The formulas used in the calculation of the performance metrics in Table 5 are presented below
(Briliani, 2019).
The following formula was used to calculate the accuracy value:

TP+TN

Accuracy=————
TP+FP+FN+TN

The following formula was used to calculate the precision value:

.. TP
Precision=
TP+FP

The following formula was used to calculate the recall value:

TP
TP+FN

Recall=

The following formula was used to calculate the F1-score value:

Precision * Recall

F1l-score=2*% ——
Precision + Recall
Py—P,
Cohen’s Kappa P = ﬁ
—Fe

P, =Relative observed agreement among accuracy.
P, = Hypothetical probability of chance agreement

In the formulas, TP represents the real positive number, TN the real negative number, FP the incorrect
positive number, and FN the incorrect negative number. In Figure 3, where the performance metrics
of the machine learning algorithms for the test results are presented, it was observed that the XGBoost
algorithm yielded a more successful estimation result compared with other machine learning systems.
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Figure 3. Comparison of ML Algorithms According to Performance Metrics

When ranked according to performance metrics, the best performance was exhibited by the 8-variable
XGBoost algorithm - ROA, NPM, FDR, ROIC, EBM, LER, CAR, ITR - with an accuracy rate of
88.4% (0.884). It was followed by the 12-variable RF algorithm —ROA, NPM, FDR, ROIC, EM,
LER, CAR, ITR, ATR, GPM, ROE, CUR - and the 10-variable KNN algorithm - ROA, NPM, FDR,
ROIC, EBM, LER, CUR, ITR, ATR, GPM -.

The eight variables in which XGBoost exhibited the highest performance (ROA, NPM, FDR, ROIC,
EBM, LER, CAR, and ITR) play a significant role in predicting independent audit firm switches. The
model's ability to achieve high performance with a limited number of variables underscores the
impact of feature selection on predictive accuracy. Therefore, these variables should be carefully
considered when developing audit firm switch forecasting models. Furthermore, incorporating
additional financial metrics during the feature selection process may enhance the overall predictive
performance of the model. This approach can contribute to the development of more accurate and
robust predictive models.
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Table 6. Comparison of the Models According to the Most Successful Variable Groups

Model Accuracy  Precision Recall  F1-Score Cohen’s Kappa Ranking Group
XGBoost 0.884 0.884 0.884 0.884 0.750 IVG (1)-(8)

RF 0.811 0.808 0.811 0.808 0.583 IVG (1)-(12)
KNN 0.811 0.811 0.811 0.804 0.572  IVG (1)-(10)
SVM 0.747 0.75 0.747 0.729 0.408 IVG (1)-(5)

DT 0.768 0.766 0.768 0.767 0.496 1VG (1)-(9)

NB 0.737 0.733 0.737 0.734 0.424 1IVG (1)-(6)

According to the performance metrics—precision, recall, Fl-score, and Cohen’s Kappa—the
XGBoost algorithm was identified as the most successful machine learning method, achieving the
highest accuracy rate of 88.4%.

The RF and KNN algorithms showed the same performance with an estimation accuracy rate of
81.1%. The SVM, DT, and NB algorithms yielded close values with estimation accuracy values of
74.7%, 76.80%, and 73.7%, respectively. The best accuracy values with SVM, DT, and NB
algorithms were obtained in the 5-9-6-variable estimation models, respectively. The DT and NB
algorithms showed the lowest performances.

In this study, it was shown through performance metrics that machine learning algorithms can predict
audit firm switches with high accuracy. The analysis performed on the dataset used revealed that the
XGBoost algorithm can successfully predict independent audit firm switches with lower prediction
errors compared to other models such as Random Forest (RF), K-Nearest Neighbors (KNN), Support
Vector Machine (SVM), Decision Tree (DT) and Naive Bayes (NB).

Our study shows that machine learning algorithms are a promising tool for researchers in independent
audit firm switch prediction. However, it should not be forgotten that these algorithms have their own
limitations. In particular, the selection of features that researchers will include in the models is of
great importance. Incorrect or incomplete feature selection can significantly reduce model
performance.

6. CONCLUSION

This study aimed to predict independent audit firm switching of the enterprises traded in BIST
STARS in Tiirkiye by using financial ratios and machine learning algorithms. In this study, data from
companies operating continuously in BIST STARS between 2019 and 2021 were analyzed. In the
following years, changes in market categories and the number of companies listed may occur due to
factors such as the periodic performance of companies, sector conditions, new public offerings, and
other requirements. Accordingly, the number of companies included in BIST STARS is likely to
change over time. The data set of the research consisted of 474 data sets - 158 companies each year
- between 2019-2021.

In these estimations, machine learning methods like SVM, RF, DT, KNN, NB, and XGBoost were
used. The purpose here is to establish an estimation model that predicts the correlation between
dependent and input variables to have the best fit. While the dependent variable in the data sets of
the models was the audit firm switch, the input variables were determined as financial ratios - ROA,
NPM, FDR, ROIC, EBM, LER, CAR, ITR, ATR, GPM, ROI, CUR, LIR - . Among the 13 attributes
used in the study, the highest prediction value was obtained by using the first 8 attributes,
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respectively. In selecting the attributes, the Mutual Information (MI) method was applied to find
importance values. The ranking of importance of the attributes was determined as follows: ROA
(Return on Assets), NPM (Net Profit Margin), FDR (Financial Debt Ratio), ROIC (Return on
Investment Capital), EBM (EBITDA Margin), LER (Leverage Ratio), CAR (Cash Ratio), and ITR
(Inventory Turnover Rate). It was determined that ROA (Return on Assets) data was the most
important attribute.

ROA is a critical ratio that shows how effectively and efficiently a company uses its assets. This ratio
reflects how well the company's investments in its assets are managed and the company's general
financial situation. Companies with high ROA values are generally companies with strong financial
structures and growth potential. Therefore, the high ROA has been seen as an important indicator for
audit firm switching.

Each of the financial ratios used in the model provides information about the company's financial
performance and financial structure from different perspectives. While ratios that express
profitability, such as NPM, reveal the company's financial success and operational efficiency, debt
ratios, such as FDR and LER, reflect the company's financial risks. Companies with high profitability
and liquidity tend to prefer to work with more prestigious and large auditing firms. Companies with
high financial debt ratios, on the other hand, need to work with more competent and reliable auditing
firms during the auditing process as their financial risks increase. This may lead to a switch in the
auditing firm.

When compared with literature, our study has achieved higher overall prediction accuracy than the
studies of Kirkos (2012) and Kwak et al. (2011) who tried to predict audit firm switching with
financial ratios using data mining methods. While Kirkos (2012) achieved 84.6% overall prediction
accuracy with the Bayesian Network method, Kwak et al. (2011) achieved 60% overall prediction
accuracy with all the methods used, in our study 88.4% overall prediction accuracy was achieved
with the XGBoost method. Black et al. (2013) found 92.5% overall accuracy rate in predicting audit
firm switching using the logistic regression method. This rate is higher than the prediction accuracy
rate we obtained in our study. The reason for the high prediction accuracy is thought to be due to the
different countries and time period of the data set.

In our study, in comparison with the models that showed the highest success in predicting audit firm
switching, it was seen that financial ratios were effective. For example, in Kirkos (2012) study, our
common variable was Net Profit Margin (NPM). Kwak et al. (2011), Leverage Ratio (LER) and
EBITDA Margin (EBM), which were found to be important for audit firm switching, also came to
the fore in our model. Similarly, in Black et al. (2013) study, a common finding was obtained on
Return on Assets (ROA). These variables are consistent with different studies, supporting the strength
and validity of our model.

66 estimation models were established with each of the SVM, RF, DT, KNN, NB, and XGBoost
machine learning methods for 11 different variable groups. To measure the success rate of the
estimation models, the performance values used for classification like accuracy, precision, recall, f1-
score, and Cohen’s Kappa values were calculated. When ranked according to performance metrics,
the best performance was displayed by the 8-variable XGBoost algorithm - ROA, NPM, FDR, ROIC,
EBM, LER, CAR, ITR - with an accuracy rate of 88.4%.

With these and similar artificial intelligence-supported estimation studies, it is thought that public
companies will be able to make accurate estimations regarding their audit firm switching. In future
studies, it is aimed to carry out estimation studies with different machine learning methods by
creating larger data sets.
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Kiresel niifus artisiyla birlikte yasanan tiretim hacmindeki artig, buna bagl olarak kit kaynaklar ¢ercevesinde yapilan
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CEVRESEL YONETIM MUHASEBESININ CEVRESEL VE FINANSAL PERFORMANS UZERINE ETKiSi: BORSA ISTANBUL (BiST)
UZERINE BIR UYGULAMA

EXTENDED SUMMARY
Introduction

As environmental problems increase, it is seen that the efforts of companies to solve these problems
have also increased. Many companies have to bear significant costs in solving the problems.
Although efforts are seen to include these costs in the traditional accounting system, it can be said
that there is no consensus on this issue. It is seen that studies on the subject have increased in parallel
with the increase in the importance of environmental management accounting, which has been
developed as a solution to this problem. As can be seen in the literature review section, studies on
the subject have been carried out in different countries in recent years. According to our
examinations, a limited number of studies on the subject have been found specifically for Tiirkiye.
In this context, the study conducted is extremely important in terms of benefiting from current data.

Based on the above theoretical discussions, the main purpose of this study is to examine the effect of
environmental management accounting on environmental and financial performance. In order to
achieve this purpose, a study was conducted on 95 companies from different sectors registered with
Borsa Istanbul. The survey method was used in the study. As a result of the analyzes made in the
study covering the year 2023, it was determined that environmental management accounting has a
positive effect on environmental and financial performance.

The study consists of four sections. Following the introduction, the conceptual framework is
explained in the second section. The third section is devoted to empirical application, while the fourth
and final section is devoted to results and discussion.

Literature on Research

Salama (2005) examined the intensity of performance on the financial performance of the system he
conducted on British companies. It was determined that there was a positive and significant
relationship between work status performance and financial performance using 201 company data.

Moneva and Ortas (2010) examined the expansion between growth and financial performance of
studies on 18 European countries. Data were obtained that the increase in work intensity would
increase financial performance using 230 company data.

Qi et al. (2014) examined the focus of studies on Chinese companies and financial performance. It
was trained that the financial performance of successful institutional and sectoral growth
performances was increased by analyzing the years 1990-2010.

Lu and Taylor (2018) focused on performance, disclosures and financial performance in their studies
on US companies. There is a negative situation between work intensity and financial performance in
the years 2011-2012 and 450 companies.

In studies on French companies, Ben Lahouel et al. (2020) examined the relationship between
strategy and financial performance. As a result of the study conducted on 61 companies and covering
the years 2005-2017, it was found that profitability, which is used as a financial performance
indicator, increased in the early stages of performance, whereas it was likely to decrease in the stages
where performance increased. The authors interpreted this result as the existence of a curvilinear
relationship between the regime and financial performance. In their study on the Australian Mining
Sector, Abban and Hasan (2021) investigated the causal relationships between performance and
financial performance. They determined that work intensity performance monitoring covering the
years 2012-2018 led to better financial performance.
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Method of The Research

In the study aiming to examine the effect of Environmental Management Accounting on
environmental and financial performance, a survey was used as a measurement tool. As a result of a
comprehensive literature study, an adaptation was made from measurement tools used in previous
studies on the subject (Ferreira et al., 2010; Lisi, 2015; Deb et al., 2022). The first part of the two-
part survey study consists of statements regarding the demographic characteristics of the participants
(age, gender, education level and number of employees, the field of activity of the company, the
position of the participants in the company management and whether the company has ISO 14000
certification), while the second part consists of statements regarding the measurement of
Environmental Management Accounting, environmental performance and financial performance.

Findings of The Research

The application of environmental management accounting can be addressed within the framework of
objectives such as managing and improving the financial and environmental performance of an
organization. In addition, environmental management accounting practices, which connect the two
basic principles of sustainable development in terms of environment and economy, can also support
the development of the corporate decision-making process.

In line with the findings obtained from the study, the effects of environmental management
accounting practices on the input, output and performance of companies are undeniable. While most
past research has focused only on the ecological aspect of firm performance (Aigbedo, 2021; Elijido-
Ten, 2007; Jermsittiparsert et al., 2020), some studies have also focused on the economic aspect
(Iwata and Okada, 2011; Saeidi et al., 2018). In this study, the direct effects of environmental
management accounting on input, output and performance and the indirect effects of input values on
output values were examined.

As a result of environmental management accounting practices, it is possible that the findings
between developed and developing countries and the findings obtained in developing countries will
lead to different results. As a matter of fact, Deb et al. (2022) show that, according to the results
conducted in a developing country such as Bangladesh, due to effective environmental information
policies and dissemination of information, green product innovation and efficient energy
management, businesses in developing countries (such as Bangladesh) are more conscious about
environmental problems and their firm performance increases. have improved their environmental
performance. This is considered a very important result. Because studies reveal that some business
organizations in Bangladesh continue to view environmental management initiatives as a separate
expenditure or act of corporate philanthropy rather than incorporating them into company operations
and policy (Saeidi et al., 2018). Since this study was conducted in a developing country like Ttirkiye,
the fact that similar results emerged reveals the suitability of the study.

Conclusion

When the direct effect coefficients obtained through the structural model in the study are examined,
it is seen that environmental management accounting has positive effects on environmental
performance input, environmental performance output and firm performance, and also the indirect
effect coefficient and the partial mediating effect of environmental performance input on the effect
of environmental management accounting on environmental performance output. It has been proven
to provide These results have shown that the hypotheses created are correct and that they support the
positive contributions of environmental management accounting on environmental performance and
firm performance in the literature. Additionally, when the results obtained are examined, the results
show that companies care about environmental performance and make the necessary efforts at a
certain level. Depending on environmental management accounting practices, positive effects can be
achieved on input values such as raw material, energy, auxiliary material input and output values
such as water waste, air emission status, liquid and solid waste problems, as well as sales revenues,
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investment income, capital profitability and financial results. It was also revealed that the value was
affected positively.
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1. GIRIS

Sanayi devriminin baslamasiyla yapilan devasa iiretimin yani sira iletisim aglarinin geligsmesiyle de
artan kiiresellesme, firmalarin diinya genelinde daha genis kitlelere ulagsmasina olanak saglamistir.
Ancak liretimde yasanan artislar beraberinde toprak, hava, su kirliligi gibi birtakim ¢evresel sorunlart
da beraberinde getirmektedir. Firmalar artan ¢evresel sorunlarin azaltilmasi1 amaciyla gerek ulusal
gerekse de uluslararasi arenada gerekli Onlemler almalart yoniinde bazi diizenlemelerle
karsilasmaktadirlar. Bu diizenlemelerin yapilmasi ise, firmalar agisindan birtakim maliyet artigina
sebep olmaktadir. Bu maliyet artis1 neticesinde isletmelerin ¢evresel ve finansal performanslarinin
ne derece etkilendigine yonelik gostergeler, isletme yonetimince analiz edilmesi gereken hususlar
olmalidir.

Cevresel yonetim muhasebesi (CYM), isletmenin i¢ cevresiyle dis cevresi arasinda kullanilan bilgisel
akisin yonetimi olmakla birlikte, isletme yonetiminde kullanilabilecek genis ve farkli araclardan
olusan bir ¢ati kavramiyla ifade edilmektedir. Diger bir ifadeyle bir organizasyon igerisinde
geleneksel ve gevresel kararlarin alinabilmesi amaciyla, hammadde kullanimi, enerji akisi, gevresel
maliyet bilgisi ve diger maliyet bilgilerinin i¢sel raporlamasi, analizi, tahmini, toplanmasi ve
belirlenmesi seklinde tanimlanabilir.

CYM, siirdiiriilebilirlik noktasinda fiziksel, niteliksel veya finansal olmayan kriterlerle
degerlendirilen gevresel performansin 6nemine vurgu yapmaktadir (Yongvanich ve Guthrie, 2006).
Cevre odakli yonetim muhasebesinin yapisi, orgiitiin ¢evresel, sosyal ve ekonomik faaliyetlerinin
sonuglarinin daha dogru degerlendirilmesini saglayan bir etken olarak goriilmektedir (Elkington,
1998). Bu agidan degerlendirildiginde CYM, organizasyonel siireglerin sosyal, ¢evresel ve ekonomik
yonlerini biitiinlestirmeye odaklandig1 sdylenebilir (Lamberton, 2005; Thomson, 2007). Ozellikle is
diinyasi, CYM’yi cevresel ve buna bagli ekonomik performansini daha fazla yonetebilmesini
saglayacak bir ara¢ olarak gormektedirler (Christ ve Burritt, 2013). Ayrica c¢evresel duyarliliklara
yonelik yapilan girisimler ve uygulamalar, kuruluslarin rekabette avantajli konuma gegmeleri ve
genel olarak 6rgiit performanslarinin artirmasina yardimei olan bir arag gorevi gorecektir (Cullen ve
Whelan, 2006; Claver-Cortés, Azorin, Moliner ve Gamero, 2007).

Cevresel sorunlarin artmasi ile birlikte, firmalarin bu sorunlarin ¢éziimiine yonelik ¢abalariin da
arttigt goriilmektedir. Birgok firma sorunlarin ¢dziimiinde 6nemli diizeyde maliyetlere katlanmak
durumunda kalmaktadir. Yapilan bu maliyetlerin geleneksel muhasebe sisteminde yer almasina
yonelik gayretler goriilmekle birlikte bu konuda fikir birliginin olmadig1 sdylenebilir. Bu soruna da
bir ¢dziim Onerisi olarak gelistirilmis olan ¢evresel yonetim muhasebesinin 6neminin artigina parelel
olarak konuya iligkin ¢alismalarin arttig1 goriilmektedir. Literatiir taramasi kisminda da goriilecegi
iizere farkli lilkelerde son yillarda konuya iliskin ¢aligmalar yapilmaktadir. Yapti§imiz incelemelere
gore Tiirkiye 6zelinde konuya iliskin sinirh sayida ¢aligmaya rastlanilmistir. Bu baglamda yapilan
calisma giincel verilerden de yararlanmasi bakimindan son derece dnemlidir.

Yukaridaki teorik tartigsmalardan hareketle, bu c¢alismanin temel amaci, g¢evresel yoOnetim
muhasebesinin, ¢evresel ve finansal performans tizerindeki etkisini incelemektir. Bu amaci
gerceklestirmek {izere Borsa Istanbul’a kayith farkli sektérlerden 95 firma iizerine bir calisma
yapilmistir. Caligmada anket yontemi kullanilmistir. 2023 yilini kapsayan ¢alismada yapilan analizler
sonucunda ¢evresel yonetim muhasebesinin ¢evresel ve finansal performans {izerinde olumlu bir
etkiye sahip oldugu tespit edilmistir.

Caligma dort bolimden olugmaktadir. Girisi takiben ikinci boliimde kavramsal ¢ergeve agiklanmustir.
Uglincli boliimde ampirik uygulamaya, dordiincii ve son boliimde ise sonu¢ ve tartismaya yer
verilmistir.
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2. KAVRAMSAL CERCEVE
2.1. Cevresel Yonetim Muhasebesi (CYM)

Diinya genelinde yasanan niifus artigt ve isletme faaliyetlerinde yasanan endiistriyel cesitlilik,
cevresel koruma ile ilgili yasanan gelismelerin daha da 6nemsenmesini gerekli kilmaktadir.
Endiistriyel faaliyetler sonucu artan hava kirliligi, atiklarin dere yataklarina, géllere ve nehirlere
ulagmasiyla yasanan temiz sulardaki azalmalar ve fosil yakitlar gibi kit kaynaklarin asir1 tiiketimi,
insan yasaminin gelecegi hakkindaki kaygilarin artmasina sebep olmaktadir. Bu kaygilarin dniine
gecmek adina, ekonomik olarak etkin iriinlere yonelik yapilan ¢alismalarin artirilmasi faydali
olacaktir. Boylelikle cevreyi olumsuz etkileyen iiriinler azaltilarak c¢evresel tahribatlarin
azaltilmasma katkida bulunulacaktir. Ayrica isletmelerde olusan g¢evresel sorumluluk bilinciyle,
kiiresel anlamda yarattig1 finansal etkileri hakkinda daha da c¢ok farkindalik yaratacaktir (Hilton,
2005: 520-548).

CYM, bir organizasyon icerisinde geleneksel ve cevresel kararlarin alinabilmesi i¢in; hammadde
kullanim1 ve enerji akisi, cevresel maliyet bilgisi ve diger maliyet bilgilerinin i¢sel raporlamasi,
analizi, tahmini, toplanmas1 ve belirlenmesi seklinde tanimlanabilir (Sendroiu, Roman, Roman ve
Manole, 2006: 81). Bennett ve James (1998) CYM’yi, ¢evreyle ilgili bilgileri toplamak, derlemek,
analize tabi tutmak, anlamli raporlar halinde yoneticilerin hizmetine sunmak ve boylelikle isletme
yonetiminin karar alma siirecine katkida bulunmak seklinde tanimlamaktadir.

Yukaridaki tanimlar incelendiginde, CYM’nin yalnizca ¢evresel yonetsel kararlarin alinmasi
yoniinde smirlt kalmadigi goriilmektedir. Yonetsel kararlarin yani sira {irliniin dizayn edilmesi,
maliyet kontroliiniin yapilmasi ve dagitimi ile satin alinmasi, sermaye biit¢elemesi, tedarik zincirinin
yonetimi {irlin fiyatlamast ve performans degerlemesi gibi her gecen giin daha da 6nem arz eden
faktorleri de kapsamaktadir (Sendroiu, Roman, Roman ve Manole, 2006: 83-84).

2.1.2. Cevresel Yonetim Muhasebesinin Unsurlari

CYM, isletme igci ile isletmenin ¢evresi arasindaki bilgisel dongiiniin, yonetiminde kullanilabilecek
farkli araglardan olusan bir ¢at1 kavramiyla ifade edilmektedir (Herzig, Burritt ve Schaltegger, 2006:
493). CYM, lizerine yapilan ¢alismalarda (Burritt ve Schaltegger, 2000: 41) iki temel unsurun oldugu
goriilmektedir. Bunlar:

* Fiziksel Cevresel Yonetim Muhasebesi
* Parasal Cevresel Yonetim Muhasebesi
2.1.2.1. Fiziksel Cevresel Yonetim Muhasebesi (FCYM)

Fiziksel Cevresel Yonetim Muhasebesi (FCYM) ve diger adiyla Ekolojik Yo6netim Muhasebesi,
isletmenin dogal cevreyle ilgili ve fiziksel birimler olarak ifade edilebilen (6rnegin kilogram,
metrekiip gibi) etkilerine iliskin bilgilerle, isletme i¢i kararlarda ihtiya¢ duyulan bilgilerin
saglanmasina odaklanan bir CYM aracidir. Nitekim bu tiir bilgilerin edinilmesi geleneksel yonetim
muhasebesinin eksikliklerinin tamamlanmasina da katkida bulunacaktir. Keza giiniimiiz itibariyle,
igletmenin faaliyetleri sonucunda ortaya ¢ikan iiriinlerinin ¢evre iizerindeki yarattigi etkilerinin
Olgiilmesi, kurumun yonetimsel kararlarindaki dogrulugunun temelini olusturarak, bu kararlar
pozitif yonde etkileyecektir (Burritt ve Schaltegger, 2000: 59-62; Burritt, Hahn ve Schaltegger, 2002:
41). Bu agiklamadan hareketle FCYM’nin temel 6zellikleri asagidaki gibi siralanabilir (Burritt ve
Schaltegger, 2000: 261):

*FCYM, ekolojik iistiinliikleri ve zayifliklar tespit etmekte yararlananilabilecek bir aragtir.
*Goreceli ¢evresel kalitenin vurgulanmasinda kullanilabilecek bir tekniktir.

*Cevresel performansta kullanilan eko-etkinlik gibi 6lglimleme aracinin degerlendirilmesine olanak
saglamaktadir.
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sIsletme faaliyetleri sonucu ortaya ¢ikan gevresel sonugclarin, direkt veya endirekt olarak kontroliinde
kullanilabilecek bir aragtir.

sIsletme i¢i ve disinda kurulan iletisimlerde tarafsizlik ve seffaflik saglayan bir aractir.

*Ekolojik agidan siirdiiriilebilir biiylimeyi tesvik etmek veya bu siirdiiriilebilirlige yardimci olmak
amactyla gelistirilen tekniklere uygun bir CYM aracidir.

2.1.2.2. Parasal Cevresel Yonetim Muhasebesi (PCYM)

Parasal Cevresel Yonetim Muhasebesi (PCYM), isletme faaliyetleri sonucu, gevresiyle yasadigi
iletisimden otiirii ortaya ¢ikan parasal iglemlerin timiidiir. PCYM, karar alma noktasinda yonetim
kademesinde bulunan kisilerin gereksinim duydugu bilgilerin toplanmasi, analizi ve
yorumlanmasidir. Bu duruma ornek olarak kurumlarin, ¢evre koruma kanunlarimi géz Oniinde
bulundurmayarak ¢evreye verdikleri zararlarin bir karsilig1 olarak 6denmesi gereken para cezalari ve
cevrenin korunmasi amaciyla finanse edilen yatirim projeleri gosterilebilir. Bu acidan bakildiginda
PCYM geleneksel yonetim muhasebesi yaklagiminin isletme ve ¢evresi arasindaki etkilesimleri de
kapsayacak sekilde genisletilmesiyle ortaya ¢ikan bir yaklasim olarak kabul edilmektedir (Burritt,
Hahn ve Schaltegger, 2002: 41). Bu baglamda PCYM genellikle isletmenin dis paydaslarina direkt
olarak sunulmayan ve birden ¢ok igsel yonetim kararinda ihtiyag duyulan bilgileri temin eden bir
kaynak ve temel bir arag olarak karsimiza ¢ikmakta oldugu goriilmektedir. Yukarida verilen bilgileri
0zetle PCYM’nin esas olarak asagidaki sorulara cevap verdigini sdylemek miimkiindiir (Burritt ve
Schaltegger, 2000: 59-61):

* Cevresel maliyetlerle gelirlerin nelerden olustugu, bu maliyetlerle gelirlerin nasil izlendigi ve kayit
altina alinma sekillerinin neler oldugu?

* Cevresel maliyetler, mamul maliyetlerine mi dahil edilmeli yoksa genel maliyetler olarak m1 kabul
edilmelidirler?

* Bir isletmede yonetim muhasebesinden sorumlu birimin temel sorumluluklart nelerden olusmali?

PCYM ve FCYM araglarinin kullanimina yonelik géz 6niinde bulundurulmasi gereken hususlardan
biri, s6z konusu araglara yonelik harcanan zaman oldugudur. Zira c¢evresel konularla gevresel
sorunlarin, genellikle uzun doénemli bir siire¢ oldugu kabul edilmelidir. Buna karsin gevresel
sorunlarin igletme yonetimi tarafindan genellikle kisa donemli bir bakis agisiyla degerlendirilmesi bu
sorunun ¢dziimiinde devamliligin olmamasina sebebiyet vermektedir.

Caligmanin bu kisminda ampirik uygulama agiklanmistir. Oncelikle konuya iliskin yapilan literatiir
calismalar1 6zetlenmis daha sonra ampirik uygulama sonuglart gosterilmistir.

3. LITERATUR ARASTIRMASI
3.1. Cevresel Yonetim Muhasebesi, Cevresel ve Finansal Performans Arasindaki Iliski

CYM, orgiitsel stirdiiriilebilirlik acisindan giderek onem kazanan bir kavram haline gelmistir.
Glinlimiizde bircok firma ic¢in ¢evre yoOnetimi, ¢evresel stratejilerin gelistirilmesi ve CYM’nin
kullanimi, rekabette avantaj saglayan en 6nemli unsur haline gelmis bulunmaktadir (Lathan, Charbel,
Jabbour, Wamba ve Shahbaz, 2018: 297).

CYM’nin gelisimi ve kullaniminin yayginlagmasi ile birlikte performans iizerindeki etkisi ampirik
olarak incelenen bir konu haline gelmistir. Asagida farkli iilkelerde konuya iliskin yapilan ¢aligmalar
Ozetlenmistir.

Phan ve digerleri (2017) Avustralya firmalar1 {izerine yaptiklari ¢aligmalarinda CYM’nin kullanimi1
ve etkinligini incelemislerdir. 820 firma {izerine yapilan ¢alisma sonucunda CYM’nin gevresel
performansi arttirdigi sonucuna varmiglardir.
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Endonezya borsasima kayith ve ISO 14001 sertifikasina sahip 107 firma {izerine yaptiklar
calismalarinda Lathan ve digerleri (2018) ¢evresel performans iizerinde ¢evresel belirsizlik, cevresel
strateji ve list yonetimin bagliligint CYM’nin araciligi baglaminda incelemislerdir. Yapilan ¢alisma
sonucunda CYM’nin araglarinin kullanimimin ¢evresel performansin iyilestirilmesinde 6nemli bir
unsur oldugunu belirtmislerdir.

Appiah ve digerleri (2020) Cin firmalan iizerine yaptiklar1 ¢alismalarinda ¢evresel performans
iizerinde ¢evresel strateji ve belirsizligin 6l¢iimiinde CYM’nin roliinii incelemiglerdir. 317 katilimct
iizerine yapilan ¢aligma sonucunda CYM’nin ¢evresel performans iizerinde onemli bir etkisinin
oldugu sonucuna varmiglardir.

Asiaei ve digerleri, Iran’da halka acik 106 firma yoneticisi iizerine yaptiklar1 calismalarinda yesil
entelektiiel sermaye ve CYM nin iliskisini ¢evresel performans baglaminda incelemislerdir. Yapilan
calisma sonucunda CYM kullaniminin yesil entelektiiel sermaye ve cevresel performans iizerinde
onemli bir etkisinin oldugu tespit etmistir.

Deb (2022), Banglades firmalar1 {izerine yaptig1 ¢alismada gevresel ve finansal performans tizerinde
CYM’nin etkisini incelemistir. 323 firma {lizerine yapilan ¢alismada CYM’nin ¢evresel ve finansal
performans ile pozitif ve anlamli bir iliskisinin oldugu sonucuna varmistir.

3.2. Cevresel Performans ve Finansal Performans Arasidaki iliski

Cevresel ve finansal performans arasindaki iliski arastirmacilarin ilgi duydugu bir alan olmaya
devam etmektedir. Teorik tartigmalar, ¢evresel performansta meydana gelecek bir artigin firmalara
rekabette avantaj saglayacagi ve bu durumun da firmalarin finansal performansini olumlu ydnde
etkileyecegi lizerinedir. Cevresel performans ve finansal performans iizerine yapilan ampirik
calismalar incelendiginde genellikle pozitif iligkinin varligina dair kanitlara ulagilmistir. Buna karsin
negatif ve anlamsiz iligkilerin oldugu c¢alismalara da rastlanilmaktadir. Asagida farkl iilkelerde
cevresel ve finansal performans arasindaki iligki iizerine yapilan ¢calismalar 6zetlenmistir.

Salama (2005), ingiliz firmalar1 iizerine yaptig1 ¢alismasinda finansal performans iizerinde cevresel
performansin etkisini incelemistir. 201 firma verisinden yararlanilan ¢alisma sonucunda gevresel
performans ile finansal performans arasinda pozitif ve anlamli bir iliskinin oldugu tespit etmistir.

Moneva ve Ortas (2010), 18 Avrupa iilkesi lizerine yaptiklar1 ¢alismalarinda ¢evresel ve finansal
performans arasindaki iligkiyi incelemislerdir. 230 firma verisinden yararlanilan ¢alisma sonucunda
cevresel performanstaki artigin gelecekteki finansal performansi artiracagna dair kanitlara
ulastlmigtir.

Qive digerleri (2014), Cin firmalar1 {izerine yaptiklari calismalarinda gevresel ve finansal performans
arasindaki iligkiyi incelemislerdir. 1990-2010 yillarin1 kapsayan ¢alismada yapilan analiz sonucunda
kurumsal ve sektdrel diizeyde gevresel performanstaki iyilestirmelerin finansal performansi arttirdig:
sonucuna varilmistir.

ABD firmalar iizerine yaptiklar1 caligmalarinda Lu ve Taylor (2018) ¢evresel performans, ¢gevresel
aciklamalar ve finansal performans arasindaki iliskiyi incelemislerdir. 2011-2012 yillarimi kapsayan
ve 450 firma tizerine yapilan ¢alisma sonucunda ¢evresel ve finansal performans arasinda negatif bir
iligskinin oldugu sonucuna varmislardir.

Fransiz firmalart {izerine yaptiklar1 ¢aligmalarinda Ben Lahouel ve digerleri (2020) gevresel ve
finansal performans arasindaki iliskiyi incelemiglerdir. 61 firma {izerine yapilan ve 2005-2017
yillarin1 kapsayan c¢alisma sonucunda, finansal performans gostergesi olarak kullanilan karliligin
cevresel performansin erken asamalarinda yiikseldigi buna karsin ¢evresel performansin yiikseldigi
asamalarda ise azaldig1 sonucu elde edilmistir. Yazarlar ortaya ¢ikan bu sonucu ¢evresel ve finansal
performans arasinda egrisel bir iligkinin varlig1 seklinde yorumlamiglardir.

Avusturalya Madencilik Sektorii {izerine yaptiklari ¢aligmalarinda Abban ve Hasan (2021) gevresel
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ve finansal performans arasindaki nedensellik iligkisini arastirmislardir. 2012-2018 yillarini
kapsayan ¢alisma sonucunda ¢evresel performanstaki iyilestirmelerin finansal performansi olumlu
yonde etkiledigini belirtmislerdir.

4. AMPIRIK ARASTIRMA
4.1. Arastirmanin Amaci ve Orneklem

Bu calismanin temel amaci, CYM’nin, ¢evresel ve finansal performans iizerindeki etkisini
incelemektir. Bu amaci gergeklestirmek {izere 2023 yili itibariyle Borsa Istanbul’a kayith sanayi,
ticaret, iretim ve hizmet alaninda faaliyet gosteren 95 sirket {izerine ¢alisma yapilmis ve bu sirketlere
son 1ii¢ yil igerisinde yaptiklari faaliyetlerin gerceklesme diizeylerinin dlgiilmesine yonelik sorular
yoneltilmistir.

4.2. Veri Toplama Araci

CYM’nin ¢evresel ve finansal performans iizerindeki etkisini incelemeyi amaglayan ¢calismada 6lgme
araci olarak anket kullanilmistir. Kapsamli bir literatiir caligmasi sonucunda konuya iliskin daha 6nce
yapilan ¢alismalarda (Ferreira, Moulang ve Hendro, 2010; Lisi, 2015; Deb, Rahman ve Rahman,
2022) kullanilmig olan 6l¢me araglarindan uyarlama yapilmstir.

iki boliimden olusan anket ¢alismasmin birinci boliimii, katilimcilarin demografik 6zelliklerine
yonelik (yas, cinsiyet, egitim durumu ve calisan sayisi, firmanin faaliyet alani, katilimeilarin firma
yonetimindeki pozisyonu ve firmanin ISO 14000 belgesine sahip olup olmadigi) ifadelerden
olusmakta iken ikinci boliim ise CYM’nin, cevresel performans ve finansal performansinin
Ol¢iilmesine yonelik ifadelerden olugmaktadir.

4.3. Veri Analiz Teknikleri

Arastirmada kullanilan analiz teknikleri i¢in ise 3 farkli program kullanilmistir. Anket verilerini elde
edebilmek i¢in ¢evrimigi anketler yapilmis ve Excel dosyasma aktarilan veriler Excel programi
araciligiyla birtakim diizenlemelere tabi tutulmus, ardindan veriler SPSS programina aktarilarak
analizlere uygun hale getirilmis ve son olarak, Yapisal Esitlik Modelinin (YEM) uygulanmasi i¢in
Lisrel programi kullanilmustir.

4.4. Arastirma Modeli ve Hipotezler

Calisma kapsaminda olusturulan hipotezler ve bu hipotezler sonucunda ortaya ¢ikan model asagida
Sekil 1’de gosterilmistir.
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Sekil 1. Arastirmanin Modeli

Hi: Cevresel yonetim muhasebesinin, ¢evresel performans girdisi iizerinde pozitif yonde bir etkisi
vardir.

H:z: Cevresel yonetim muhasebesinin, ¢cevresel performans ¢iktisi {izerinde pozitif yonde bir etkisi
vardir.

Hs: Cevresel yonetim muhasebesinin, finansal performans iizerinde pozitif yonde bir etkisi vardir.

Ha: Cevresel yonetim muhasebesi ile ¢evresel performans ¢iktisi arasinda gevresel performans
girdisinin aracilik rolii vardir.

4.5. Arastirma Bulgular

Arastirmanin bu bdliimiinde anketlerden elde edilen veriler, SPSS ve Lisrel programlarmin
yardimiyla analiz edilmis ve gerekli tablolar olusturulup yorumlanmistir. Aragtirmanin sistematik bir
sekilde yapilabilmesi igin sirasiyla; katilimcilara ve 6l¢ek ifadelerine ait tanimlayict bulgularin
dagilimin1 gosteren frekans analizleri, agiklayic1 faktor analizi, glivenilirlik analizi, korelasyon
analizi ve yapisal modele yonelik analizler yapilmistir.

Tablo 1. Ankete Katilanlar ve Isletmelere liskin Tanimlayic1 Bulgular

Tamimlayici Bulgular | Degerler | %
Cinsiyet
Kadin 45 47,4
Erkek 50 52,6
Yas
20 yas ve alt1 0 0
21-30 yas 4 4,2
31-40 yag 30 31,6
41-50 yas 41 43,2
51 yas ve lizeri 20 21,1
Ogrenim Durumu
[lk-Ortadgretim 0 0
Lise 1 1,1
On lisans 2 2,1
Lisans 46 48,4
Lisansiisti 46 48,4
Calisan Sayisi
100 kisi ve alti 26 | 274
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101-200 11 11,6
201-300 12 12,6
301-400 11 11,6
401-500 6 6,3
501 kisi ve {izeri 29 30,5
Pozisyon
Ust diizey 35 36,8
Orta diizey 46 48,4
Alt diizey 8 8,4
Diger 6 6,3
ISO 14000 Sertifika
Evet 75 78,9
Hayir 20 21,1
Faaliyet Alam
Uretim 52 54,7
Hizmet 22 232
Diger 21 22,1
TOPLAM 95 100

Tablo 1°de goriilecegi iizere toplam 95 firma yetkilisi iizerine anket yapildigi, anket yapilan
katilimecilardan 45’nin kadin, 50’sinin ise erkek oldugu goriilmektedir. Ankete katilanlarin
cogunlukla 31-50 yas arasinda, lisans ve lisansiistii mezunu oldugu goriilmektedir. Ayrica anket
katilimeilarinin cogunlukla 100 kisi ve alt1 ile 501 kisi ve iizerinde ¢alisan sayisina sahip isletmelerde
yer aldiklar1 gézlenmistir. Firmalarin % 79’nun ISO 14000 sertifikasina sahip oldugu ve agirlikli

olarak iiretim sektoriinde faaliyet gosterdigi anlasiimaktadir.

Olusturulan 6lgme aracinda belirtilen sorulara yonelik firmalarin vermis oldugu cevaplara ait elde

edilen tanimlayici bulgular Tablo 2’de 6zetlenmistir.

Tablo 2. Ol¢ek ifadelerine Ait Tanimlayici Bulgular

IFADELER Ortalama| S.Hata
1- Cevresel maliyetlerin tanimlanmasi 3,33 0,126
2- Cevre ile ilgili ylikiimliiliiklerin tahmini 3,42 0,126
3- Cevresel maliyetlerin siniflandirilmasi 33 0,132
4- Uretim siireclerinde gevresel maliyetlerin paylastiriimasi 3,31 0,135
5- Uriin ile ilgili gevresel maliyetlerin paylastiriimasi 3,35 0,136
6- Yonetim maliyetleri ile iligkili ortamin tanitilmasi veya iyilestirilmesi 3,5 0,118
7- Cevresel maliyet hesaplarinin kullanimi ve iiretilmesi 3,35 0,133
8- Cevre ile ilgili performans gostergelerinin gelistirilmesi ve kullanim1 3,42 0,127
9- Uriin yasam dongiisii maliyet degerlemesi 3,12 0,14
10- Uriin envanter analizi 3,7 0,124
11- Uriin etki analizi 3,3 0,133
12- Uriin iyilestirme analizi 3,53 0,12
13- Cevre ile ilgili standartlarinin gerekliliklerine ve beklentilerine uygunluk 4,5 0,065
14- Enerji girdileri 4,43 0,081
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15- Toplumla iligkiler 4,54 0,059
16- Kat1 atik ¢ikist 4,46 0,071
17- Hava emisyon ¢iktilari 4,52 0,063
18- Finansal etki 4,66 0,05
19- Fiziksel ekipmanlar i¢in kurulum, isletme, tesisler ve tesisler i¢in bakim 4,38 0,091
20- S1v1 atik ¢ikist 4,63 0,054
21- Hammadde girisi 4,25 0,113
22- Su israf seviyesi 4,66 0,053
23- Cevresel politika ve programlarin iyilestirilmesi 4,5 0,065
24- Yardimci malzeme girisi 4,22 0,09
25- Yerel, bolgesel ve ulusal ¢evre kosullart hakkinda bilgi girisi gostergeleri 4,36 0,065
26- Satis gelirlerinde artis 4,33 0,071
27- Yatirim getirilerinde artig 4,11 0,079
28- Varlik karliliginda artig 4,09 0,088
29- Sermaye karlihiginda artig 4,04 0,092
30- Piyasa degerinde artis 4,23 0,092

ORTALAMA 3,98 0,0964

Tablo 2 incelendiginde 6lgek ifadelerine ait tanimlayici bulgularda ortalama degerlerin 3,98 oldugu
goriilmektedir. En diisiik ortalama degere sahip ifade 3,12 ile ‘‘liriin yasam dongiisii maliyet
degerlemesi’’ ifadesi iken, en yiiksek ifadeler ise 4,66 ile ‘‘finansal etki ve su israf seviyesi’”’ ile ilgili
ifadeler olmustur.

Tablo 3. Olgek ifadelerine Ait Aciklayic1 Faktor Analizi

Degerler
KMO 0,722
Bartlett’s Sphericity Sigma < 0,001
Aciklanan Toplam Varyans %74,749
Olcek ifadeleri Faktor Yiikleri
(S27) Finansal Performans 2 0,931
(S29) Finansal Performans 3 0,920
(S26) Finansal Performans 1 0,862
(S30) Finansal Performans 4 0,854
(S4) Cevresel Yonetim Muhasebesi 2 0,876
(S1) Cevresel Yonetim Muhasebesi 1 0,852
(S5) Cevresel Yonetim Muhasebesi 3 0,836
(S9) Cevresel Yonetim Muhasebesi 4 0,817
(S21) Cevresel Performans Ciktisi 2 0,831
(S14) Cevresel Performans Ciktis1 1 0,803
(S24) Cevresel Performans Ciktisi 3 0,782
(S§16) Cevresel Performans Girdisi 1 0,837
(S22) Cevresel Performans Girdisi 4 0,745
(S20) Cevresel Performans Girdisi 3 0,651
(S17) Cevresel Performans Girdisi 2 0,633
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Yapilan literatiir arastirmalarinda 6lgeklere ait ifadelerin faktér analizinin gegerliligi igin bazi
kriterlerin saglanmasi gerektigi goriilmiistiir. Bu kistaslardan bir tanesi kullanilan Kaiser-Meyer-
Olkin degerinin (KMO) > 0.50°den biiyiik olmasidir (Field, 2000). Kaiser (1974), KMO degeri 0.70
ve 0.79 arasinda olmasinin iyi bir deger oldugunu 0.80-0.99 arasinda degisen degerler de ise
miikemmel degerde oldugunu belirtmistir. Buna ek olarak, Bartlett’s Sphericity tekniginin sonuglari
p<0.05 ise, bu durum maddeler ve yapilar arasindaki korelasyonun %5 anlamlilik diizeyinde anlamli
ve tatmin edici oldugunu belirtmistir. Yapilan ¢alismanin faktor analizinde (KMO) degeri 0,72 ve p
degeri 0,001 olarak goriinmektedir.

Faktor analizinde dikkat edilmesi gereken diger kriterlerden bir tanesi de bagimli degiskendeki
toplam varyansin bagimsiz degisken tarafindan agiklanan miktarin yeterliliginin 6l¢iimiinde
kullanilan agiklanan toplam varyans degerlerinin gecerliligidir. Literatiirde agiklanan toplam varyans
degerinin gegerliligi tizerine Dunteman (1989) en az %40-60, Henson ve Robert (2006) en az
9%52,03, Hair ve digerleri (2009) en az %60 olmasi gerektigini belirtmislerdir. Yapilan ¢alismada
elde edilen toplam varyans degeri %74 olmus ve bu degerin literatiirde belirtilen degerleri sagladigi
gOrilmigtiir.

Son olarak dikkat edilmesi gereken kistas ise maddelerin faktor yiiklerinin en az ne kadar olmasi
gerektigidir. Bunun i¢in yapilan literatiir aragtirmalarinda ise Hair ve digerleri (2009) en az %50,
Field (2000) ise en az %40 olmasi gerektigini belirtmislerdir. Tablo 3’de goriildiigii lizere yapilan
faktor analizinde 6lgegin 4 faktorden olustugu anlasilmaktadir. Yapilan agiklayict faktor analizinde
2,3,6,7,8,10,11,12,13, 15, 18, 19, 23, 25 ve 28. ifadeler, yukarda belirtilen faktor yiikii degerlerini
saglamadiklar1 i¢in dlgekten ¢ikarilmig ve tekrar yapilan faktor analizi sonucunda 15 ifadenin uygun
faktor yikleriyle yiiklendikleri goriilmiistiir. Caligmanin bundan sonraki kisimlarinda 15 ifade
iizerinden gerekli analizler yapilmgtir.

4.6. Giivenilirlik ve Gecgerlilik Analizi

Gtivenilirlik kavrami, bir arastirmada kullanilan 6lgegin veya testin istikrarli ve tutarli sonuglar
tretme derecesini ifade eder. Bagka bir ifadeyle, giivenilirlik, yapilan bir 6l¢iimiin tutarli olmasinin
bir ifadesidir. Olgiim veya test farkli yerlerde uygulansa bile ayn1 sonucu vermelidir (Cakmur, 2012:
340).

Yapilan ¢alismada kullanilan 6lgeklerin giivenirlilik diizeylerine bakmak ig¢in i¢ tutarlik analizine
basvurulmustur. I¢ tutarhk analizinde, Cronbach Alfa (a) degerine ek olarak son yillarda
arastirmacilar tarafindan siklikla kullanilan Composite Reliability (bilesik giivenilirlik) analiz
yontemi kullanilmistir. Cronbach Alfa (CA) ve Composite Reliability (CR) degerlerinin 0,70 ve iizeri
(CA>0,70; CR>0,70) bir degerde olmasi dlgekte bulunan ifadelerin giivenilir bir seviyede oldugunu
gostermektedir (Yaslioglu, 2017: 82).

Literatiirde gecerlilik analiz tiirlerinin, igerik gecerliligi, ol¢iit gegerliligi, yapisal gecerlilik ve
varsayimsal gegerlilik olmak tizere dort gruba ayrildigini sdylemek miimkiindiir (Aslan, 2018: 128-
129). Sosyal bilimler alaninda en ¢ok tercih edilen gegerlilik tiirii yapisal gecerlilik olmaktadir.

Yapi gegerliligi, bir testin veya 6l¢lim modelinin 6l¢mesi gereken degiskeni ne kadar iyi l¢tiiglinii
belirlemek i¢in kullanilan bir gegerlilik analizi tiiriidiir. Bagka bir ifadeyle, belirli bir kavramsal
yapiya veya belli bir davranig alanina iliskin 6l¢iim veya testlerin gegerlilik kazanabilmesi i¢in
uygulanan bir yontemdir. Yapisal gecerliligi kanitlamak i¢in kullanilan belli bazi ydntemler
bulunmaktadir. Bu yontemler arasinda, dis testler, grup farkliliklar1 ve faktor analizi gibi yontemler
bulunmaktadir (Cakmur, 2012: 342-343).
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Bu ¢alismada, yapisal gegerliligi test etmek i¢in Dogrulayict Faktor Analizi (DFA) kullanilmistir.
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Sekil 2. Dogrulayic1 Faktor Analizi
Arastirmada kullanilmis olan 6l¢eklerin DFA sonuglart ile giivenilirlik-gecerlilik degerlerine yonelik
elde edilen veriler, Tablo 4’te gosterilmektedir.

Tablo 4. Giivenilirlik ve Gecerlilik Analizi

= —~
= % =4
z 2 g 4
Q2 Olgeklere iliskin ifadeler = 5 o ] <
2 = | 3 | fg 2 | g2
5 § 0z | f2| £ %%
= 2 S
3 N TS
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=] 4 S
< ]
S1) Cevresel maliyetlerin tanimlanmasi 0,75 -
S4) Uretim siireglerinde gevresel maliyetlerin 0.89 s
= paylastirilmasi > 0,70 0,80 0,832
5 S5) Uriin ile ilgili evresel maliyetlerin paylastirilmast | 0,84 HHE
S9) Uriin yagam dongiisii maliyet degerlemesi 0,83 kl
E S21) Hammadde girisi 0,77 - 0,63 0,79 0,833
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S14) Enerji girdileri 0,76 HHE
S24) Yardimci malzeme girisi 0,75 Hokk
S22) Su israf seviyesi
0,54
S16) Kat1 atik ¢ikisi 0,72 HoHE
0,68 0,78 0,835
S17) Hava emisyon ¢iktilar 0,69 HAE
g
O | S20) Sivi atik ¢ikist 0,84 HAE
S26) Satis gelirlerinde artis 0,79
S27) Yatirim getirilerinde artis 0,94 HoHE
S29) Sermaye karliliginda artis 0,93 HoHE 0,75 0,81 0,834
=
S30) Piyasa degerinde artis 0,79 HAE

N:95; ***p<0.01 anlamllik diizeyinde istatistiksel olarak anlamlidir.

Tablo 4 incelendiginde dlgeklere ait ifadelerin faktor yiiklerinin alt sinirinin 0,40’dan biiyiik oldugu,
Ol¢eklere ve boyutlara ait Composite Reliability (CR) degerlerinin alt sinirinin 0,70’ten biiyiik oldugu
ve dlcekler ile boyutlara ait Cronbach Alpha (CA) degerlerinin alt sinirinin da 0,80den biiyiik oldugu
goriilmektedir. Olgek gegerliligi igin kullanilan degerlerden bir tanesi de yakinsak gegerlilik degeri
olarak kabul edilen Ortalama Agiklanan Varyans (Average Variance Extracted/AVE) degeridir.
Yakinsak gecerlilik, degiskenlere iliskin ifadelerin birbirleriyle ve olusturduklar1 faktor ile iligkili
olduklarini ifade etmektedir. AVE degeri faktore iliskin ifadelerin kovaryanslarinin karelerinin
toplaminin ifade sayisina boliinmesi ile elde edilmektedir. Yakinsak gegerlilik icin, dlgege iliskin
tim CR degerlerinin AVE degerlerinden biiyiik olmasi ve AVE degerinin de 0,5 ten biiyiik olmas1
beklenmektedir (Yashioglu, 2017: 82). Ancak Hair ve digerleri (1998), CR degerlerinin 0,60’1n
iizerinde olmas1 ve yap1 gegerliliginin yeterli olmasi durumunda AVE degerlerinin 0,50’ nin altinda
kalmasinin kabul edilebilir oldugunu belirtmislerdir. Bu bilgiler dogrultusunda ¢aligmada kullanilan
Olgeklerin giivenilirlik ve gegerlilik kosullarini sagladiklar1 anlagilmaktadir.

4.7. Yapisal Model Analizi ve Hipotezlerin Test Edilmesi

Caligmanin bu boliimiinde bagimli ve bagimsiz degiskenler arasindaki iligkilerin yoniinii ve yiikiini
tespit edebilmek ve modelde goézlenen degisken ile gizil degisken arasindaki etkide aract
degiskenlerin dolayli etkilerini dlgmek igin g¢aligmanin modeli olusturulup analiz edilmistir.
Olusturulan modelden elde edilen veriler {izerinden hipotezlerin kabul edilmesi veya reddedilmesi
saglanmustir.
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Sekil 3. Arastirmanin Yapisal Modeli

Calismada oncelikle yapisal modele ait uyum iyiligi degerleri incelenmis ve elde edilen degerler
asagida Tablo 5’de gosterilmistir.

Tablo 5. Yapisal Modele Ait Uyum Iyiligi Degerleri

Endeks Mljkemr.rlel Uyum bul Edilebilir Degerler pdel Degeri Sonu¢
Degerleri
y2/df X/df<3 3</df <5 1,79 Miikemmel
RMSEA 0<RMSEA<0.05 0.05 <RMSEA<0.10 | 0,09 Kabul edilebilir
SRMR 0<SRMR< 0.05 0.05< SRMR<0.10 | 0,08 Kabul edilebilir
CFI 0.97<CFI<l 0.95<CFI<0.97 0,91 Kabul edilebilir
GFI 0.95<GFI<1 0.90<GFI<0.95 0,92 Kabul edilebilir

Tablo 5°de x*df: 1,79; RMSEA: 0,09; SRMR: 0,08; CFI: 0,91; GFI: 0,92 degerlerinin elde edildigi
goriilmiis ve tiim degerlerin, miikkemmel veya kabul edilebilir deger araliginda olduklari anlagilmigtir.

Calismada hipotezlerin dogrulanmasi veya reddedilmesi i¢in bazi degerler baz alimmistir. Bunlar;
degiskenler arasinda istatistiksel agidan anlamlilik i¢in ‘‘sigma (p) degerleri’” dogrudan etki
katsayilar1 igin ‘‘beta () degerleri’’ araci etki katsayilar igin ise ‘“Variance Account For (VAF)
degerleri’’ baz alinmistir. Sigma (p) degerleri i¢in p<0,05 veya 0,001 diizeyinde anlamli olmasina,
dogrudan etki katsayilarinda g6zlenen beta () degerlerinin pozitif veya negatif olmasina, Variance
Account For (VAF) degerlerinin 0,20°den biiyiik olup olmadigina bakilmistir. Elde edilen degerler
15181nda hipotezlerin kabul edildigi veya reddedildigi hakkinda gerekli yorumlar yapilmstir.
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Tablo 6. Arastirma Modeline (YEM) ve Hipotezlere Iliskin Sonuclar

.. Toplam Etki
Degiskenler B B
CYM—CPC 1,09 0,66
<. Dogrudan Etkiler
Degiskenler B p S.E. C.R. p Hipotez Sonuc¢
CYM—CPG 0,25 0,43 0,160 0,175 | *#** Hi Kabul
CYM—CPC 0,87 0,30 0,271 0,353 | *** H» Kabul
CYM—FP 0,01 0,02 0,149 0,007 | *** Hs Kabul
Araci (Dolayh) Etkiler
Degiskenler Standartlastirilmis .
Dolayh Etki (§) VAF Hipotez Sonug¢
CYM—CPG—CPC 0,130 0,20 Ha Kabul

N:95; ***p<(,01; **p<0,05; VAF: Variance Account For; B: Regresyon Katsayisi;; f:
Standartlastirilmig Regresyon Katsayisi; S.E.: Standard Error (Standart Hata); C.R.: Critical Rate
(Kritik Oran).

Tablo 6’da arastirma modeli kapsaminda olusturulan yapisal model sonuglari, degigskenler arasi
iligkilerin dogrudan ve toplam etkileri i¢in standartlagtirilmamis (B) ve standartlastirilmis regresyon
katsayilar1 (B), standart hata (S.E.), kritik oran ve (C.R.), anlamlilik degerleri (p), degiskenler arasi
iligkilerin dolayli etkileri i¢in standartlastirilmis regresyon katsayilari (B) ve VAF degerleri yer
almaktadir.

Tablo 6’da degiskenlerin birbirleriyle olan etkilerini gosteren etki katsayilarina (B) bakildiginda
Cevresel Yonetim Muhasebesinin (CYM), Cevresel Performans Ciktisi (CPC) lizerindeki toplam etki
degerinin 0,66 oldugu goriilmektedir.

Tablo 6’da degiskenlerin birbiriyle olan dogrudan etki katsayilarina bakildiginda;

Cevresel Yonetim Muhasebesinin (CYM) Cevresel Performans girdisi (CPG) ile arasindaki
dogrudan etki katsayisi 0,43’tiir. Yani hi¢bir araci degisken olmadan CYM ile CPG arasindaki yol
katsayisinin 0,43 olmast CYM’de meydana gelecek bir birimlik artisin CPG’de 0,43 birimlik bir
artisa yol acacagi anlamimna gelmektedir. Bagimsiz degisken CYM ile bagimli degisken CPG
arasindaki etkinin istatistiksel agidan anlamli oldugu ve CYM’nin CPG’yi pozitif yonde etkiledigi
goriilmektedir (B:0,43; p<0,01). Bu bilgiler dogrultusunda arastirmanin hipotezlerinden *‘Hj:
Cevresel yonetim muhasebesinin, ¢evresel performans girdisi iizerinde pozitif yonde bir etkisi
vardir’” hipotezinin dogrulandig: anlasilmaktadir (Hi—Kabul).

Cevresel Yonetim Muhasebesinin (CYM) Cevresel Performans Ciktisi (CPC) ile arasindaki
dogrudan etki katsayist 0,30°dur. Bagimsiz degisken CYM ile bagimli degisken CPC arasindaki
etkinin istatistiksel agidan anlamli oldugu (p<0,01; B: 0,30) ve CYM’nin CPC’yi pozitif yonde
etkiledigi goriilmektedir. Bu bilgiler dogrultusunda arastirmanin hipotezlerinden ‘‘H,: Cevresel
Yonetim Muhasebesinin, Cevresel Performans Ciktis1 lizerinde pozitif yonde bir etkisi vardir’’
hipotezinin dogrulandig1 anlasilmaktadir (H2—Kabul).

Cevresel Yonetim Muhasebesinin (CYM) Finansal Performans (FP) ile arasindaki dogrudan etki
katsayis1 0,02°dir. Yani hicbir aract degisken olmadan CYM ile FP arasindaki katsayisinin 0,02
olmas1 CYM’de meydana gelecek bir birimlik artisin FP’de 0,02 birimlik bir artisa yol agacagi
anlamina gelmektedir. Bagimsiz degisken CYM ile bagimli degisken FP arasindaki etkinin
istatistiksel agidan anlamli oldugu ve CYM’nin FP’yi pozitif yonde etkiledigi goriilmektedir ($:0,02;
p<0,01). Bu bilgiler dogrultusunda arastirmanin hipotezlerinden ‘‘Hs: Cevresel YoOnetim
Muhasebesinin, Finansal Performans iizerinde pozitif yonde bir etkisi vardir’’ hipotezinin
dogrulandigi anlasilmaktadir (H3—Kabul).
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Tablo 6’da degiskenlerin birbirleriyle olan etkilerini araci (dolayl) etki agisindan incelendiginde ise
aracilik etkisinin olup olmadigina karar vermek icin VAF degerleri baz alinmuistir.

VAF= Dolayli Etki / Toplam Etki

VAF degerinin, 0,80 ve iizerinde bir deger (VAF>0,80) almasi tam aracilik etkisinin oldugunu
gosterirken VAF degerinin, 0,20 ile 0,80 arasinda bir deger (0,20<VAF<0,80) almast durumunda,
kismi aracilik etkisinin oldugunu gostermektedir. VAF degerinin, 0,20°den diisiik bir deger
(VAF<0,20) almas1 durumunda ise aracilik etkisinin bulunmadigini gdstermektedir (Kiligli ve
Aygiin, 2023: 204).

Gozlenen degisken Cevresel Yonetim Muhasebesi (CYM) ile gizil degisken Cevresel Performans
Ciktist (CPC) arasindaki etkide araci rol olarak ele alinan Cevresel Performans Girdisine (CPG) ait
VAF degeri 0,20’dir. Bu dogrultuda hesaplanan degerin, CYM—CPG—CPC yol analizinde
CPG’nin kismi aracilik etkisinin oldugunu sdylemek miimkiindiir. Dolayisiyla caligmanin
hipotezlerinden ‘‘Has: Cevresel yonetim muhasebesi ile ¢evresel performans ¢iktisi arasinda gevresel
performans girdisinin aracilik rolii vardir’” hipotezinin kabul edildigi anlasilmaktadir (Hs—Kabul).

5. SONUC

Uretim hacminin niifus artistyla birlikte artis gdstermesi ve kit kaynaklar gercevesinde yapilan
iretimlerin getirdigi ¢evresel sorunlar sirketlerin daha duyarl bir sekilde {iretim yapmasini gerekli
kilmaktadir. Bu gereklilik ¢ercevesinde sirketler, gevreye duyarli olmak ve gelecek nesillere daha
uygun bir ¢evre birakmak i¢in birtakim uygulamalar yapmaktadirlar. Bunlardan bir tanesi de, CYM
uygulamalari olmaktadir. S6z konusu uygulama sayesinde sirketler maliyet basta olmak iizere bazi
durumlart g6z 6niinde bulundurarak daha spesifik adimlar atmaya baglamiglardir. Atilan adimlar,
sirketlerin ¢evresel performanslarina katki saglayarak elde ettikleri karlarin da artmasimi
saglamaktadir.

Bu kapsamda Tiirkiye’de faaliyet gosteren sirketlerin CYM uygulamalarinin, ¢evresel performans ve
firma performansi tizerindeki etkilerini incelemenin gerekli oldugu diisiiniilmiis ve konuyu irdeleyen
bir uygulama yapilarak birtakim sonuglar elde edilmistir.

Calismada yapisal model araciligiyla elde edilen dogrudan etki katsayilari, CYM’nin, ¢evresel
performans girdisi, ¢evresel performans ¢iktisi ve firma performansi iizerinde olumlu etkiler
gosterdigini kanitlamistir. Caligmada yapisal model araciliyla elde edilen dolayli katsay1 degeri ise
cevresel yonetim muhasebesinin, ¢evresel performans ¢iktisi ilizerindeki etkisinde ¢evresel
performans girdisinin kismi aracilik etkisi sagladigini gostermistir. Elde edilen bu sonuglar,
olusturulan hipotezlerin dogrulugunu ve literatiirde CYM’nin, ¢evresel performans ve firma
performans: iizerindeki olumlu katkilarini destekler nitelikte oldugunu gostermistir (Christine,
Weitere, Yadiati, Afiah ve Fitrijant, 2019; Susanto ve Meiryani, 2019; Zandi ve Lee, 2019;
Chaudhry, Asad, Amir ve Hussain, 2020; Jalaludin, Sulaiman ve Ahmad, 2011; Lajoran, 2014).

Elde edilen sonuglar sirketlerin gevresel performansi 6nemsedigini ve gerekli cabalari belli bir
seviyede sergilediklerini ortaya koymaktadir. CYM uygulamalarina bagli olarak, hammadde, enerji,
yardime1 malzeme girisi gibi girdi degerleri ile su israfi, hava emisyon durumu, sivi ve kati atik
sorunlar1 gibi ¢iktt degerlerinde olumlu etkiler belirlenmistir. Bunlara bagli olarak satig gelirleri,
yatirim gelirleri, sermaye karliligi ve finansal degerinin olumlu yonde etkilenmesi de ortaya
¢ikmigtir. Kuruluglarin biiylik ¢ogunlugu, belirlenen uygulamalari kendi biinyelerinde hayata
gecirmis, 0zellikle enerji tasarrufunun gerekse temel yesil uygulamalardan biri olmasi gerekse de
maliyet tasarrufu saglayan bir ¢oziim olmasi beklendiginden, enerji verimliligi uygulamalar biiyiik
Olciide hayata gegirilmistir.

Konuya iligkin gelecekte yapilacak ¢alismalarda gerek birkag iilkede faaliyet gosteren firmalarin
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birlikte ele alinmasi hatta iilkelerin gelismislik diizeyi géz oniinde bulundurularak firmalarin
secilmesi gerekse de farkli degiskenlerin (yapay zeka uygulamalarinin, firmalart bilinglendiren yesil
iiretim egitimlerinin vb.) modellere dahil edilmesinin daha genel sonuglar elde edebilmede faydal
olacagi onerilmektedir. Ayrica yapilacak ¢alismalarda sadece firmalarin, CYM ve performanslarimin
firma bazinda degerlendirilmemesi, tiikketicilerin de ¢aligmalara ortak edilerek yesil iiretim alaninda
beklentilerinin hangi diizeyde oldugunu tespit etmenin, olumlu katkilar sunabilecegi onerilmektedir.
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Isletme Nakit Akislar ile Net Doviz Pozisyonu Arasindaki Mliski: BIST 100
Endeksi Uzerine Makine Ogrenmesi Simiflandirma Algoritmalar1 Uygulamasi

Yusuf GALIP'
0Oz
Ulkemizde son yillarda artan déviz kuru neticesinde, isletmelerin yabanci paraya bagh varlik ve kaynaklarindaki degisimlerin
etkisi de artmaktadir. Yabanci paraya bagli varlik ve yiikiimliilikklerin farki ile ortaya ¢ikan “Déviz Pozisyonu” kavrami, birgok
makro ve mikro unsurdan etkilenmekte ve igletmeden ekonomik deger ¢ikisina sebep olmaktadir. Caligmanin amaci, nakit akis
tablolarindaki bilgiler ile net déviz pozisyonu arasindaki iligkinin arastirilmasi ve sonrasinda nakit akislarindan olusan veri seti ile
net déviz pozisyonu durumunun smiflandirma algoritmalari ile test edilmesidir. Borsa Istanbul (BIST) 100 Endeksi’nde yer alan
ve finans sektorii diginda kalan isletmeler, ¢aligmanin kapsamini olusturmaktadir. Veriler arasinda iliskinin 6l¢timii i¢in “Coklu
Dogrusal Regresyon” modelinden; smiflandirma igin ise, “K-En Yakin Komsu (KNN), Rastgele Orman, Destek Vektor
Makineleri (SVM), Karar Agact ve Naive Bayes” algoritmalarindan faydalanilmistir. Yapilan analiz kapsaminda yatirmm
faaliyetlerinden olan nakit akislart disinda kalan diger verilerin, net déviz pozisyonuna etkisinin anlamli oldugu goriilmiistiir.
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ISLETME NAKIT AKISLARI iLE NET DOVIZ POZISYONU ARASINDAKI iLiSKi: BIST 100 ENDEKSI UZERINE MAKINE
OGRENMESI SINIFLANDIRMA ALGORITMALARI UYGULAMASI

EXTENDED SUMMARY
Introduction

In Tiirkiye, according to IFRS 7 Financial Instruments: Disclosures Standard, the “Foreign Currency
Position Table” in the foreign currency risk disclosures section shows the monetary and non-
monetary assets and liabilities of the companies in foreign currency. The item in this table, which is
calculated by subtracting liabilities from assets denominated in foreign currency, is called “Net
Foreign Currency Position (NFCP)”. In particular, it is expected to be one of the variables that
business investors will take into consideration in their decisions. Especially with the disclosures of
foreign exchange risk, which is one of the financial risks of the enterprises, it is easier for the
stakeholders of the enterprises to access the NFCP disclosures and to learn the details of the factors
affecting the NFCP.

It is thought that the NFCP situation may cause cash inflows and outflows for the enterprise.
However, when the studies conducted so far are examined, it is seen that they are aimed at measuring
the effect of exchange rate changes on operating cash flows (Y1ldiz et al., 2023; Huefner et al., 1989,
Alfaro et al., 2021; Ahmed 2015). In this study, it is aimed to investigate the effect of the items in
the cash flow statement on the NFCP status of the enterprises. In addition, with the help of artificial
intelligence techniques, classification algorithms were applied due to the possibility of similarities
between the two concepts.

Literature on Research

Foreign currency position is defined as the assets and liabilities of the entities that will be affected
by foreign exchange rates in the future periods and assets and liabilities items that depend on foreign
exchange rates. TFRS 7 Financial Instruments: Disclosure Standard, foreign currency position
information is disclosed to the public by companies. The foreign currency position of the companies
depends on foreign trade activities, foreign currency denominated liabilities and assets, interest and
inflation rates, political factors and other factors (Isramaulina ve Ismaulina, 2021; Andriyani et al.,
2020; Sulasmiyati, 2019).

Cash flows (CF) are the set of time-dependent returns and payments of funds generated by the
economic activities of enterprises. Optimisation of CF is an important factor in ensuring the financial
viability and sustainability of a company (Gafurova, 2015: 79). CF data are accessed through the
“Cash Flow Statement” recommended by IAS 7. Based on this table, cash flows are classified as
cash inflows and outflows from operating, investing and financing activities. Gup et al. (1993)
evaluated the characteristics of cash flows from these 3 activities on the basis of 8 profiles with the
cash profile model they created.

As a result of the literature review, no study on the effect of cash flows on the net foreign currency
position (NFCP) was found. NFCP, which is formed as a result of foreign currency assets and
liabilities, can be affected by the cash flow statement data as well as other financial statement items
of the entity. Therefore, in this study, the effect of inputs and payments arising from cash flows on
the net foreign currency position, rather than the effects of exchange rate changes, will be analysed.
By this means, it is aimed to change the perspective of financial statement users on both the cash
flow statement items and the foreign currency position statement. In their study, Yildiz and Yilmaz
(2022) stated that there are important indicators that NFCP affects operating profitability. It has been
observed in studies that cash flows also affect profitability (Ali et al., 2018: 57; Kamran et al., 2017:
146). Based on this, the research was designed with the suspicion that there may be a relationship
between these two concepts.

Method of The Research

Multiple Linear Regression model was applied to test the relationship between cash flow data and
net foreign exchange position, followed by K-Nearest Neighbor (KNN), Random Forest, Support
Vector Machines (SVM), Decision Tree and Naive Bayes algorithms for classification. Within the
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framework of the study, the quarterly financial statements and notes for the 2018-2019-2020-2021-
2022 accounting period of enterprises other than financial institutions traded on Borsa Istanbul
(BIST) and within the framework of the BIST 100 Index (XU 100) were examined. As the financial
statements and footnotes of financial institutions may differ, they are not included in the scope.

Findings of The Research

In the regression model, CF from operating, investing and financing activities in the statement of CF
and cash profile models are designed as independent variables and net foreign currency position is
designed as an independent variable. The volume of total assets is also included in the equation as a
control variable. In the model, the effect of CF from Investing Activities on Net Foreign Currency
Position with t statistic (p>t) value greater than 0.05 is not significant (0.239). The level of influence
of other variables on NFCP is significant at the regression model level.

The machine learning classification algorithms mentioned in the research methodology were applied
to the data set of the same companies. NFCP was determined as the classification label (variable) and
divided into “Negative-Positive” in this section. In the research, the data was not partitioned as
training and test data for training the algorithm and the Cross Validation method was utilised. In this
case, the data set is not divided into two for training the machine and testing the trained machine;
instead, the entire available data set is divided and tested by applying these data to the entire data set
in parts. It is seen that the success of classifying the data of the enterprises with NFCP Position
Negative is higher than the enterprises with NFCP Positive. The algorithm with the highest successful
classification is the Decision Tree algorithm with 99.29%. The KNN algorithm has the lowest
classification success rate with 61.17%.

Conclusion

The assumption that the foreign currency position status varies depending on many micro and macro
factors related to the enterprise has been tried to be measured with the CF data obtained from the
cash flow statement. For this purpose, a multiple linear regression equation was utilised. The missing
part of the model is that the assumption of normal distribution of error terms is not taken into account.
The regression model here is not used to test the main hypothesis of our research topic, but only to
check whether there may be a relationship between CF data and NFCP.

The research data set was tested by means of machine learning classification algorithms. Within the
scope of the study, 5 classification algorithms were used and the NFCP positive/negative variable
(label) was classified through the clusters created by cash flow data. Within the scope of the
classification algorithms, it was observed that the success rate of the enterprises with negative NFCP
was higher than those with positive NFCP. Furthermore, a data set has been created for these two
basic business financial statement variables that can be used in future studies. In addition,
classification differences between the two variables can also be determined by statistical methods.
With different artificial intelligence and machine learning applications, the underlying causes of data
mines consisting of NA and NDP items can be revealed.

In this study, in which CF and NFCP data are the subject, it is revealed that machine learning
applications, one of the artificial intelligence techniques, can be used for information emerging from
accounting processes. Thus, the importance of the study emphasises that financial statement data can
be analysed by business stakeholders with artificial intelligence applications. In future studies, data
pools obtained from the accounting information system can be used in future decision-making
processes by filtering algorithms.
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ISLETME NAKIT AKISLARI iLE NET DOVIZ POZISYONU ARASINDAKI iLiSKi: BIST 100 ENDEKSI UZERINE MAKINE
OGRENMESI SINIFLANDIRMA ALGORITMALARI UYGULAMASI

1. GIRIS

Ulkemizde TFRS 7 Finansal Araglar: Ac¢iklama Standard: kapsaminda kamuoyuna duyurulan ve
doviz kuru riski agiklamalar1 boliimiinde yer alan “Yabanci Déviz Pozisyonu Tablosu” ile sirketlerin
yabanci para cinsinden parasal ve parasal olmayan varlik ve yilikiimliliikleri goriilmektedir. Bu
tabloda yer alan ve yabanci para cinsinden olan varliklardan, yilikiimliiliiklerin ¢ikarilmasi ile bulunan
kaleme de ‘“Net Do6viz Pozisyonu (NDP)” denilmektedir. Tiirkiye Cumhuriyet Merkez Bankasi
(TCMB) Ekonomi Notlar1 (2012) dergisinde yaymlanan bir makalede, NDP hesaplamasimin kur
hareketlerinden daha farkli olarak, ilerleyen donemlerde ekonomiyi etkileyebilecegi belirtilmistir.
Buradan hareketle NDP kavrami, 6zellikle igletme yatirimcilari i¢in alacaklari kararlarda g6z 6niinde
bulunduracaklart degiskenlerden biri olmasi beklenilmektedir. Boylelikle, isletmelerin finansal
risklerinden olan kur riski agiklamalari sayesinde, isletme paydaslarinin NDP agiklamalarina
ulagmalar1 ve NDP’yi etkileyen faktorlerin detaylarini 6grenmeleri kolaylasmaktadir.

NDP durumunu sonucunda, igletmenin nakit girisleri ve ¢ikislarinin etkilenebilecegi
diisiiniilmektedir. Ancak, bugiine kadar yapilan calismalara bakildiginda déviz kuru degisimlerinin,
isletme nakit akislarina etkisini 6lgmeye yonelik oldugu goriilmiistiir (Y1ldiz, ismailoglu, Toptan ve
Yanik, 2023; Huefner, Ketz ve Largay, 1989, Alfaro, Calani ve Varela, 2021; Ahmed, 2015).
Yapilan bu ¢aligmada ise, nakit akis tablosunda bulunan kalemlerin, isletmelerin NDP durumuna
olan etkisinin arastirilmasi hedeflenmistir. Ayrica, yapay zeka tekniklerinden yardim alinarak, iki
kavram arasinda benzerliklerin olusabilme ihtimali nedeniyle, siniflandirma algoritmalarina
basvurulmustur.

Calisma kapsaminda, Yabanci Para (Doviz) Pozisyonu ile TMS 7 Nakit Akis Tablosu Standardi
kapsaminda igletmelerin agiklamis oldugu Nakit Akiglarinin (NA) kavramsal ¢ercevesi agiklanmis;
isletme nakit akiglarinin, NDP’ye etkisini tespit etmeye yonelik arastirma yapilmis ve bunun igin
Coklu Dogrusal Regresyon modelinden faydalanilmistir. Bu iki unsur arasinda iliski diizeyi ele
alindiktan sonra, NA verileri ile isletmelerin NDP durumunun pozitif veya negatif olarak
smiflandirilmasi, makine 6grenmesi algoritmalar: vasitasiyla gergeklestirilmistir.

2. KAVRAMSAL CERCEVE

Caligmanin kavramsal ¢ercevesini, yabanci para pozisyonu ve nakit akislari kavramlarinin tanimai ile
bu iki kavram arasindaki iliski olusturmaktadir.

2.1. Yabanci Para (Déviz) Pozisyonu

Merkez Bankasi, finansal tablolara endeksli yabanci para pozisyonu veri ihtiyacini karsilamak igin,
2007 yili temmuz ayinda ilk kez bir ¢alisma baglatmistir. Bu ¢aligma sayesinde, igsletmelerin tiger
aylik donemler itibariyla tekdiizen hesap planina gore diizenlenmis finansal tablolarinda bulunan,
yabanci para ve yabanci paraya endeksli varlik ve kaynaklari ile bilango digi tiirev enstriiman
kullanimlarina iliskin verileri toplanmaya baslanmistir (TCMB Istatistik Genel Miidiirliigii). Déviz
pozisyonu olarak da adlandirilan bu durum, isletmelerin gelecek donemlerde doviz kurundan
etkilenecek varlik ve yikiimlilikleri ile doviz kuruna bagl aktif-pasif kalemleri olarak
tanimlanmaktadir. TFRS 7 Finansal Araglar: A¢iklama Standardi kapsaminda sirketler tarafindan
ddviz pozisyonu bilgileri kamuoyuna agiklanmaktadir. Piyasa risklerinden olan déviz kuru (yabanci
para) riski aciklamalar gatisi altinda bulunan yabanci para pozisyonu tablosu ve bilgileri; isletmenin
bilango giinii karsilagtigt her tiirlii belirsizlikleri ve bunlarin duyarlilik analizlerini icermelidir
(Muthupandian, 2008: 6).

Isletmelerin kamuoyuna sundugu déviz pozisyonu bilgileri ise, bircok faktorden etkilenmektedir. S6z
konusu faktorler; isletmelerin bulundugu sektorler, uluslararasi ticaret hacmi ve ¢ok uluslu olusu,
bliyikligi gibi farkli degiskenlere bagli bir sekilde siralanabilmektedir. Literatiir analizi
kapsaminda, doviz pozisyonunu etkileyen ana faktorler asagidaki bigimde gruplandirilmigtir
(Isramaulina ve Ismaulina, 2021; Andriyani, Marwa, Adnan ve Muizzuddin, 2020; Sulasmiyati,
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2019):

1. Dis ticaret Faaliyetleri (ithalat/Thracat): Bir sirketin uluslararast ticari faaliyetleri, doviz
pozisyonu iizerinde 6nemli bir etkiye sahip olabilir. Ozellikle yurt disindan gelir elde etmesi veya
yurt disindan mal ve hizmet satin almasi ile islem gereksinimi kapsaminda daha fazla yabanci paraya
ihtiyac duyulacagindan, doviz pozisyonu etkilenecektir. Yurt disindan gelir elde etmek bir isletmenin
doviz pozisyonunu pozitif yonde artirabilir; yurt disindan mal satin almak ise, doviz talebini
artirabilir. Ayrica kredili alig veya satislardan otiirii, aktif ve pasifte yer alan dovize dayali ticari borg
ve alacak toplaminda da artis olacaktir.

2. Yabanci Para Cinsinden Borg¢lar ve Varhklar: Bir isletmenin yabanci para cinsinden
ylikiimliiliikleri veya varliklari oldugu takdirde, doviz kurlarindaki degisiklikler isletmelerin yabanci
para pozisyonunu etkileyecektir. Ozellikle yabanci para cinsinden saglanan krediler ile déviz kuru
dalgalanmalar sayesinde, isletmelerin reel borcu artis gosterebilecek veya azalabilecektir.

3. Faiz ve Enflasyon Oranlari: Faiz ve enflasyon oranlarinin, doviz kuru iizerinde etkisi
yapilan c¢aligmalarla ortaya konularak, isletmelerin doviz pozisyonunu etkileyen Onemli
makroekonomik degiskenler oldugu bilinmektedir. Ozellikle, faiz orani yiiksek olan ekonomilerde,
dovize bagl kredilerin sonucu olarak isletmelerde yabanci para gereksinimi artabilmektedir.

4. Politik Faktorler: Milletleraras1 yasanan siyasi krizler ve dolayisiyla yol agacagi politik
riskler, doviz kurlarinda ani dalgalanmalara yol acarak isletmelerin doviz pozisyonlarini
etkileyebilmektedir.

Siralanan bu faktorler disinda doviz pozisyonunu etkileyen baska unsurlar da bulunmaktadir. Déviz
pozisyonundaki degismeler sonucunda gelecek donemlerde igletmede ekonomik deger kaybi ortaya
cikarabilecek veya dogru yonetim kararlari ile isletmeye ekonomik yarar saglanabilecektir.

2.2. sletme Nakit Akislar

Isletmelerin yapmus oldugu faaliyetlerinden sagladig1 nakit ve bu nakdi nerelerde kullandigy, isletme
hakkinda bilgi talep edenler ve gelecekte olusacak durumlar i¢in 6nem arz etmektedir (Beyazgiil ve
Karadeniz, 2019: 619). Nakit akislar1 (NA), isletmelerin ekonomik faaliyetleri tarafindan iiretilen
fonlarin zamana bagl getirisi ve 6demeleri kiimesidir. Nakit akiglarinin optimizasyonu, bir girketin
finansal varligini ve siirdiirtilebilirligini saglamada 6nemli bir faktordiir. Verimli bir sekilde organize
edilen NA, finansal yapinin giiglii olusuna yonelik bir isaret olabilmektedir. Nakit akislarini optimize
etme ihtiyaci, oncelikle fon akislarinin gerekli miktarlarda, en verimli finansman kaynaklariin
kullanilmastyla ve dogru zamanda harekete gecirilmesiyle olabilecektir (Gafurova, 2015: 79).

Nakit akig verileri, gelecek donemde ortaya ¢ikabilecek NA icin tahminlerde bulunabilme olasiligin
meydana getirmektedir. Ulasilan bu bilgiler ile isletmelerin donemler bazindaki nakit akislarmin
yonetimi ve kontrolii yapilabilmektedir (Bozkir ve Ataman Gokgen, 2023: 239). Isletmeler nakit
akislarina iligkin verilerini, TMS 7 Nakit Akis Tablosu Standardi kapsaminda kamuoyuna
agiklamaktadir. Bu standart kapsaminda isletmelerin nakit akislar1 3 boliimde incelemektedir;

. isletme (Esas) faaliyetlerinden kaynaklanan nakit akislari: isletme icin ana faaliyet
gelirinin veya maliyetinin kaynagi olan etkinliklerle ilgilidir. Ek olarak, net kar veya zararin
belirlenmesine etkisi bulunan islemler ve olaylar ile ortaya ¢ikmaktadir.

. Yatirim faaliyetlerinden kaynaklanan nakit akislari: Gelecekte isletmeye gelir ve nakit
akis1 saglayabilecegi diisiiniilen kaynaklar i¢in yapilan harcamalar ile olusan nakit giris ve ¢ikislari,
bu boliimde gosterilir.

. Finansman faaliyetlerinden kaynaklanan nakit akislari: Finans kuruluslari, bankalar,
isletmenin ortaklar1 veya iliskili taraflar1 tarafindan saglanan fonlar1 veya bunlara iliskin yasanan
nakit ¢ikislar1 bu boliimde gosterilir. Isletme igin ticari olmayan borg ve alacaklar ilgili NA bilgisi
olarak da adlandirilabilir.
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Isletmelerin TMS 7 kapsaminda 3 béliimde sundugu nakit akis verileri, piyasa katilimcilari tarafindan
farkli amaglarla kullanilmaktadir. Nakit akis tablosunun sundugu bilgilerin yorumlanmasinda
kullanilan bir teknik olan nakit profili analizi; isletme (esas), yatirim ve finansman operasyonlarima
yonelik NA’nm pozitif veya negatif olmasina bagli olarak olusturulan modellerin 6zelliklerini
degerlendirmek igin kullanilan bir yontemdir (Diizer, 2023: 395). Bu yonteme gore nakit akis
tablosundaki NA, her bir faaliyet boliimiine gore ayr1 olarak, negatif ve pozitif NA seklinde ayrilarak,
nakit profillerini olusturulmaktadir. Bunun sonucunda NA verilerine gore isletmelerin sahip
olabilecegi 8 farkli nakit profil modeli Tablo 1’de verilmistir.

Tablo 1. Nakit Akis Profilleri

Nakit Akis Isletme Yatirim Finansman  Nakit Akis Profili Tanim
Profili Faaliyetlerinden Faaliyetlerinden NA Faaliyetlerinden
NA NA
Model 1 + + +  Nadir Durum (pozitif)
Model 2 + - - Basarih isletme
Model 3 + + - Gerileyen Isletme
Model 4 + - +  Bilyiiyen Isletme
Model 5 - + +  Kiigiilen Isletme
Model 6 - +  Geng Isletme
Model 7 + - Likiditasyona Giden
Isletme
Model 8 - - - Nadir Durum (negatif)

Kaynak: Gup ve digerleri, 1993:74.

Isletmelerin finansal tablo verilerinden ulasilan; likidite ve karlilik, finansal yap1 durumlar1 ve kar
pay1 6deme kararlarinin nakit akis profillerinden etkilenebildigi bilinmektedir (Giile¢ ve Arda, 2019:
555). Nakit akis profili pozitif yonlii olan igletmelerin ise, negatif yonlii isletmelere gore daha yiiksek
giivenlik marjlarina sahip oldugu ve yatirim kararlarini verme ile sermaye maliyetine katlanma
konusunda daha esnek olabilecegi de gortilmiistiir (Mulford ve De Mesa, 2012).

3. LITERATUR ARASTIRMASI

Caligma kapsaminda NA’nin, déviz pozisyonu ile olan iligkisine yonelik aragtirmalara bakilmistir.
Doéviz kuru riskine maruz kalan ¢ok uluslu sirketlerin, nakit akis riskinden korunma muhasebesi
uyguladigi yapilan arastirmalarda goriilmiistiir (Bartram, 2008: 17). Ozellikle, doviz kuru
hareketlerinden dolay1 isletmelerin nakit akislarinda, varliklarinda ve yilikiimliiliiklerinde, net karinda
ve dolayisiyla borsa degerindeki dogrudan veya dolayli kayip olabilmektedir (Papaioannou, 2006:
134). Sayed ve Gayathri (2023) yapmis olduklar1 ¢alismada; isletmelerde ¢ok uluslulugun, duran
varlik kullaniminin, riskten korunma muhasebesi uygulamalarinin, sektdrel farkliliklarmn, isletme
biiyiikligiiniin ve yasinin, doviz kuru riskine maruz kalmada &nemli belirleyiciler oldugunu
gostermektedir.

Kahraman ve Tepeli (2023), 2011-2021 yillar1 arasinda BIST’te yer alan isletmelerin finansal
basarisizliklari iizerine bir ¢alisma yapmislardir. Bu ¢alismada yabanci para pozisyonu ile yabanci
paraya bagli bor¢larin, Altman Z-skoru sonucunda dlgiilen finansal basarisizlik durumuna etkisi
olmadig1 ortaya ¢ikmis; yabanci paraya bagl aktiflerin ise, finansal basarisizlik 6l¢iitliyle ters iligkili
oldugu goriilmiistiir. Barakli ve Elmas da (2022) BIST 30’da bulunan igletmeleri incelemis ve
yabanc1 paraya bagl aktiflerin piyasa degeri lizerinde negatif etkiye sahip oldugunu ortaya koymus;
ancak, isletmelerin yabanci paraya bagl pasiflerinin ise, piyasa degerini pozitif yonde etkiledigini
tespit etmislerdir.

Calisma kapsaminda bagimsiz degisken olarak ele alinan nakit akislarinin finansal tablolara etkisine
yonelik literatiir taramast yapilmistir. Ikechukwu, Nwakaego ve Celestine (2015); ¢oklu dogrusal

regresyon modelini kullanarak, Nijerya bankacilik sektoriinde bulunan sirketlerin, isletme ve
finansman faaliyetlerinden kaynaklanan nakit akiglariin sirketin karliligi tizerinde 6nemli olumlu
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etkiye sahip oldugunu ortaya ¢ikarmistir. Yatirnm faaliyetlerinden olan nakit akislarinin ise,
arastirilan sirketlerin karlilig1 tizerinde dnemli bir olumsuz etkiye sahip oldugunu da deneysel olarak
dogrulamistir. Ali, Ormal ve Ahmad (2018), nakit akislarinin karliliga etkisinin oldugunu belirtmis;
kiigiik ve orta biiyiikliikteki isletmelerinde nakit akislarinin da isletme karliligina etkisini Wadesango,
Tinarwo, Sitcha ve Machingambi (2019) yaptiklart c¢aligmalarinda gostermislerdir. Ayrica,
finansman ve yatirim faaliyetlerinden saglanan NA’nin, karliliga kars1 negatif fakat, anlaml iligskide
olabilecegi de goriilmiistir (Maxim, 2021: 160). Yine bir calismada isletmenin nakit akis
tablosundaki kalemlerinin, coklu regresyon modeli kullanilarak karlilik tizerindeki etkisi 6lgiilmeye
calisilmis ve bazi isletmelerde anlamli sonuglar elde edilmistir (Uygurtiirk ve Vargiin, 2018: 705-
725).

NA’nin etkilerini 6l¢meye yonelik yapilan ¢alismalarda, isletme (esas) faaliyetlerinden kaynaklanan
nakit akiglarinin cari oranla pozitif bir iligkiye sahip oldugu goriilmiistiir (Noor, Nour, Musa ve
Zorgan, 2012: 231). Yine, isletme faaliyetlerinden kaynaklanan NA ile aktif karlilig1 orani tarafindan
gosterilen finansal performans gostergeleri arasinda pozitif ve dnemsiz bir etki goriilmistiir (Liman
ve Mohammed 2018: 1). Bu ¢aligmaya benzer olarak isletme faaliyetlerinden hesaplanan nakit akis
oraninin, firma degeri iizerinde pozitif ve anlamli bir etkiye sahip oldugu ortaya konulmustur. Ancak,
yatirim ve finansman faaliyetlerinden kaynaklanan NA ile hesaplanan nakit akis oranlarinin ise, firma
degeri lizerinde negatif ve anlamli etkisi oldugu goriilmiistiir (Itan ve Riana, 2021: 442).

Isletmelerin finansal operasyonlarindan sagladigi NA, hisse senedine bagl yatirimeci kazanglart
tizerinde anlamli ve pozitif yonde etkisinin var oldugu goriilmistiir. Aktif biiytikligiinden ve yatirim
faaliyetlerinden saglanan NA, 6zsermaye karliligina pozitif yonde etkisi, istatistiksel olarak anlamli
bigimde ortaya konulmustur (Giivemli, Tays1 ve Saygi, 2021: 233-248). Ek olarak, isletmelerin nakit
akig tablosundan elde edilen nakit akis verileri ile likidite oranlar1 arasinda istatistiki olarak anlaml
bir iligki bulunmadigi da goriilmistiir (Derekdy, 2020: 3505).

Yapilan literatiir incelemesi sonucunda, nakit akislarinin net doviz pozisyonu (NDP) iizerindeki
etkisine yonelik bir caligsmaya ulagilamamuistir. Yabanci parasal varlik ve yiikiimliiliiklerin sonucunda
olusan NDP, isletmenin diger finansal tablo kalemlerinde oldugu gibi, nakit akis tablosu verilerinden
etkilenebilir. Buradan hareketle ¢calismada, doviz kuru degisim etkilerinden degil; nakit akiglarindan
kaynaklanan girdi ve 6demelerin, net doviz pozisyonuna olan etkisi incelenecektir. Bunun sayesinde;
finansal tablo kullanicilarinin hem nakit akis tablosu kalemlerine hem de yabanci para pozisyonu
tablosuna bakis acis1 degistirilmek istenmektedir. Yildiz ve Yilmaz (2022) yaptiklar1 ¢aligmada,
NDP’nin isletme karliligimi etkiledigi konusunda 6nemli gostergeler oldugunu belirtmislerdir. Nakit
akiglarinin da karlilig1 etkiledigine yonelik ¢alismalar incelemelerde goriilmiistiir (Ali ve digerleri,
2018: 57; Kamran, Zhao ve Ambreen, 2017: 146). Buradan hareketle, bu iki kavram arasinda iligki
olabilecegi siiphesiyle arastirma kurgulanmstir.

4. ARASTIRMA

Bu bolimde arastirmanin; amaci, kapsami, metodolojisi ve degiskenleriyle ilgili tanimlayici
istatistiksel bilgileri ele alindiktan sonra, ortaya ¢ikan bulgular degerlendirilecektir.

4.1. Arastirmanin Amaci

Bu ¢aligmanin amact; nakit akig tablosu kalemleri ile net ddviz pozisyonu arasindaki iligkinin ortaya
konulmasi ve nakit akis verilerinden olusan veri seti ile net doviz pozisyonu durumunun
(pozitif/negatif) siiflandirilmaya tabi tutulmasidir. Isletme nakit akislarmin NDP’yi etkileyebilme
varsayimi goz Oniine alinarak, yapay zekd modellerinden olan makine 6grenmesi siniflandirma
algoritmalar1 ile bu iki kavram arasindaki baglantry1 agiklayabilecegi hedeflenmistir.

4.2. Arastirmanmin Kapsami ve Metodolojisi

Calisma kapsaminda Borsa Istanbul’da (BIST) biinyesinde yer alan, BIST 100 (XU 100) endeksinde
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islem goren finansal kuruluslar diginda kalan isletmelerin; 2018-2019-2020-2021-2022 hesap
donemine iligkin 3 aylik finansal tablo ve dipnotlar1 incelenmistir. Finansal kurumlarin, finansal tablo
ve dipnotlar1 farklilik gosterebileceginden kapsama dahil edilmemigtir. 2023 yilina iligkin tablolar
ise, enflasyon muhasebesi uygulamasi sonucunda olusabilecek farkliliklar nedeniyle ¢alismaya dahil
edilmemistir. Buna gére BIST 100 endeksinde islem goren 100 sirketten 68’1 analiz kapsamina dahil
edilmistir. Calismaya BIST 100°de yer alan 9 sirket, “Bankacilik” faaliyeti i¢erisinde bulundugundan
otiirii kapsam dahiline alimmamusgtir. 22 sirket ise, calisma kapsamindaki yillarin her bir ¢eyregine
iliskin finansal tablolarin1 yayinlamadiklarindan dolayi, ¢alisma veri setine alimmamistir
(https://www.kap.org.tr/tr/Endeksler).

Caligmanin  hedefini gerceklestirebilmek adina, Coklu Dogrusal Regresyon yodnteminden
faydalanilmistir. Coklu lineer (dogrusal) regresyon; iki veya daha fazla belirleyici (bagimsiz)
degiskenin, bagimli degiskendeki degisimi agiklamasinda kullanilir. Bu degiskenler arasindaki
dogrusal iliski bu yontemle ortaya konulabilmekte, ancak degiskenler arasindaki iliskinin nedenleri
tam olarak agiklanamamaktadir (Kilig, 2013: 91). Isletmenin Net Déviz Pozisyonu bagiml degisken
olarak se¢ilmis ve nakit akis verileri de bagimsiz degisken olarak teste tabi tutulmustur. Bu analiz
i¢in Stata 14.2 programindan yararlanilmistir.

Yapilan regresyon analizi vasitasiyla isletme NA ile NDP arasindaki iligki incelendikten sonra,
arastirma veri tabani i¢in siiflandirma algoritmalarina bagvurulmustur. Calisma kapsaminda; Naive
Bayes (NY) K-En Yakin Komsu (KNN), Destek Vektér Makineleri (SVM), Karar Agact (DT),
Rastgele Orman (RF) algoritmalarindan yararlanilmistir (Aydin, 2018: 172; Coskun ve Baykal, 2011:
1-8; Potur ve Eringel, 2021: 116). Bu metotlar, yapay zeka tekniklerinden olan makine 6grenmesi
icerisinde denetimli (gbzetimli) 6grenme algoritmalar1 olarak ele alinmaktadir. Denetimli 6grenme
algoritmalar1, arastirma bilyiik verilerine bagli bir sekilde fonksiyonu Ogrenebilen, algoritma
tasarimcisi tarafindan kontrol edilebilen teknikler biitiiniidiir. Veri setinde yer alan etiketli (belirli)
degiskenler iizerinden olusturulan egitim kiimelerinden bir fonksiyon ¢ikarabilmektedir (Mahesh
2020: 381). istatistiksel modellerin tam tersi olarak, makine dgrenme teknikleri, verinin dagilimi
hakkinda belirli bir varsayima dayanmadig igin parametrik degildir (Akar ve Giingor, 2012: 140).

N -
Nakit Akis Tablosu ve Net Doviz Rgejgi(ehsl lgr?g%sig]l(i
Pozisyonu Verileri Of]qﬁmﬁ

Siniflandirma Algoritmalari

Naive K- En Yakin Destek Karar Rastgele
Bayes Komgu Vektor Agaci Orman
Makineleri

Sekil 1. Arastirmanin Modeli

Naive Bayes (NY): Istatistiksel olarak Bayes Teoremi’ne dayanan bir algoritmadir. Bu algoritmanin
temeli, dnceden belirlenmis bir sinifa ait degisken degerlerinin degisiminin, diger degiskenlerden
bagimsiz oldugu varsayimina dayanir. S6z konusu varsayim, “sinif-kosul bagimsizligi” bigiminde
ifade edilir ve bunun neticesinde, siniflandirma esnasinda gereken matematiksel islemlerin kolaylikla

gerceklesmesi saglanmaktadir (Han ve digerleri, 2011°den Aktaran Onan, 2017: 7).
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K-En Yakin Komsu (K-Nearest Neighbor-KNN): KNN algoritmasi, siniflandirma algoritmalari
icerisinde en yaygin sekilde kullanilan model olarak bilinmektedir. Siniflandirma sonucunda olusan
belirli degiskenlerin, birbirlerine olan uzakliklar1 en yakin olanlar1, ayn1 kategoride kiimelemektedir.
Séz konusu uzakliklar ise, Oklit vb. matematiksel yontemlerle dlciilmektedir (Kiling ve digerleri,
2016: 90). Smiflandirma esnasinda test Ornekleri ve egitim Ornekleri, birbirleri ile
karsilagtirilmaktadir (Aydin, 2018: 172).

Destek Vektor Makineleri (Support Vector Machine-SVM): Birbirinden farkli veri setlerinin
smiflandirma sorununa ¢6ziim olmasi amaciyla gelistirilen Destek Vektér Makineleri algoritmasi
stirecinde, en kiigiik islevin ele alinmasi ve belli bir zamanda parametre iyilestirmesi ile siniflandirma
gergeklestirilmektedir. Yontemin olusturdugu en 6nemli avantaj ise, siniflandirma sorununu kareli
optimizasyon sorununa ¢evirerek, buna iligkin ¢6ziim olugturmasidir. Boylelikle sorunun ¢6ziimiine
yonelik egitim asamasinda olusan tekrar sayisi en aza indirgenmekte ve diger gozetimli 6grenme
algoritmalarina gore daha seri bir sekilde ¢6ziime ulagilmaktadir. (Ayhan ve Erdogmus, 2014: 176).

Karar Agac1 (Decision Tree- DT): “Karar agaclar, giris verilerinin bir smiflandirma veya
kiimeleme algoritmastyla, tiim elemanlarin aymi sinif etiketine ait olana kadar aga¢ dallanmasina
benzer sekilde alt gruplara ayristirma islemidir.” Ayristirma icin entropi, bilgi kazanci veya
dogruluk orani gibi olgiimler kullanilir. Karar agacglar: smiflandirma, ozellik secimi, ozellik ¢itkarimi
ve karar kurallarmin olusturulmasi igin kullanilabilir. Ayrica farkl algoritmalar ile melez (hibrit)
teknikler kullanilarak daha iyi sonuglar alimabilir” (Akgetin ve Celik, 2014: 44).

Rastgele Orman (Random Forest-RF): Veri tabaninda rassal segilen verilerin alt evreninde gelisen
karar agaclarinda olasilik kiimesi olusturarak siiflandirma yapan tekniktir (Parlak ve Kayri, 2022:
680). Bu algoritma; biitiin degiskenler arasinda en ideal dali kullanarak teker teker baglantilar
(dallar1) bolmek yerine, her bir baglantiyi rassal bir sekilde segilen degiskenler igerisinde en iyisini
belirleyerek yeni dallar tiireterek ilerlemektedir (Archer, 2008 ve Breiman, 2001°den Aktaran Akar
ve Giingor, 2012: 141). Bu yontem karar agaci modelinin gelisimi olarak, her bir farkli agact veri
seti tizerinden egiterek smiflama yapmamiza olanak saglamaktadir. Algoritmanin hizli ve kesin
tahminler yapmasina olanak taniyan durum ise, girdi verilerinin 6zelliklerinin belirli bir smiftan
kosullu olarak bagimsiz oldugu varsayimina dayanmaktadir (Unal ve Erbuga, 2024: 111).

Yukarida belirtilen smiflandirma algoritmalarindan her biri, RapidMiner programi vasitasiyla
arastirma veri setini egitmis ve sonuglart alinmigtir. Test neticesinde ulasilan sonug¢larin bilgileri
karigiklik matrisi ile gosterilmistir. Bu matriste satir iizerindeki degerler, test kiimesindeki verilere
ait reel degerleri; siitunlardaki degerler ise, modeller sonucunda ortaya ¢ikan tahmini degerleri ifade
etmektedir. Modelin basar1 6l¢iitii olarak en basit teknik olan dogruluk orani kullanilmistir. Bu da
algoritma tarafindan “Dogru (true)” siniflandirilmis gézlem sayisinin, toplam test edilen veriye orant
seklindedir. (Coskun ve Baykal, 2011: 3).

4.3. Arastirmanin Degiskenleri ve Tanimlayici Istatistikleri

Arastirmanin veri seti model ile uyumlu olarak olusturulmustur. Arastirma modeline 6ncelik, ¢oklu
dogrusal regresyon modeli ile nakit akis verilerinin net doviz pozisyonuna etkisini Slgmeye
yoneliktir. Buna iligkin olusturulan regresyon denklemi;

Net Doviz Pozisyonu= po + Pl1Aktif+ B2NakitAkislar (NA) Toplami+
P3FinansmanFaaliyetlerindenNA + p4YatirimFaaliyetlerindenNA + p5IsletmeFaaliyetlerindenNA
+ B6NakitProfili +¢

Yukaridaki denklemde; ‘“Net Doviz Pozisyonu (NDP)” bagimli, nakit akis tablosu verileri ise
bagimsiz degisken bi¢cimindedir. “Toplam Aktif” degiskeni de kontrol degiskeni olarak analize dahil
edilmistir. “Nakit Profili” siniflandirma degiskeni olup, geriye kalan tiim degiskenler ise “niimerik”
bicimdedir. “¢” ifade edilen kisim ise, hata terimidir. Bununla birlikte “niimerik” degiskenlerin
mutlak degeri alinmig, ayn1 zamanda logaritmik doniisiime tabi tutulmustur. Regresyon modeli

degiskenlerinin tanimlayici istatistikleri Tablo 2 ve Tablo 3’teki gibidir.
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Tablo 2. Regresyon Modelinde Kullanilan Nicel Degiskenler ve Degerleri

Degiskenler Gozlem Ortalama Standart Minimum  Maksimum

Sayis1 Sapma Deger Deger
Log Mutlak Deger NDP 1.340 20,182 1,937 12,738 25,446
Log Toplam Aktif 1.340 23,062 1,511 19,757 28,090
Log Mutlak Deger Toplam NA 1.340 19,438 1,987 8,471 24,424
Log Mutlak Deger Finansman NA 1.340 19,541 1,970 8,471 24,635
Log Mutlak Deger Finansman NA 1.340 19,152 2,210 10,209 25,182
Log Mutlak Deger Isletme NA 1.340 19,936 1,882 14,322 25,485

Tablo 2’de ¢oklu dogrusal regresyon modelinde kullanilan degiskenler belirtilmistir. Regresyon
denkleminde gosterildigi gibi; “NDP” bagimli, diger degiskenler ise bagimsiz degisken olarak
denkleme eklenmistir. Bagimsiz olarak denklemde yer alan “Nakit Profilleri” ise, Tablo 3’te
verilmistir.

Tablo 3. Regresyon Modelinde Yer Alan Isletme Nakit Profilleri

Sira Nakit Profil Tipi Isletme Sayis1 ~ Oran (%)
1 Basarili Isletme (Model 2) 603 45

2 Biiyiiyen Isletme (Model 4) 300 23

3 Geng Isletme (Model 6) 190 15

4 Gerileyen Isletme (Model 3) 136 10

5 Nadir Durum Negatif (Model 8) 58 4

6 Kiigiilen Isletme (Model 5) 20 1

7 Likiditasyona Giden Isletme (Model 7) 17 1

8 Nadir Durum Pozitif (Model 1) 16 1
Toplam 1340 %100

Gup ve digerlerinin (1993)’nin ortaya attig1 nakit akis modellerine gore, caligma kapsaminda en ¢ok
“Model 2” profilinde isletme oldugu goriilmiistiir. Model 5, Model 7 ve Model 8 de en az rastlanan
nakit profilleri olmustur.

Arastirma modelinde kullanilacak makine 6grenmesi siniflandirma algoritmalari i¢in, Tablo 4 ve
Tablo 5°teki nitel ve nicel degiskenlerden olusan veri seti olusturulmus ve teste tabi tutulmustur.
NDP (No 1), simiflandirma yapilacak etiket degiskeni olarak veri setinde yer almaktadir.

Tablo 4. Veri Setine iliskin Nitel Veriler ve Degerleri

No Degisken Negatif Sirket Pozitif Sirket
Sayisi Sayisi

1 Net Doviz Pozisyonu (Etiket) 703 637

2 Isletme Faaliyetlerinden Nakit Akislar 286 1054

3 Yatiim Faaliyetlerinden Nakit Akiglar 1150 190
4 Finansman Faaliyetlerinden Nakit Akislar 814 526

5 Tim Faaliyetlerden Saglanan Nakit Akislar 553 787

Yukaridaki nominal degiskenlere ek olarak, nitel degisken olan ve Tablo 3’te yer alan “Nakit Akis
Profilleri” de eklenmistir. Finansal tablolarda degeri O olan kalemler, sistem tarafindan otomatik
olarak negatif veya pozitif seklinde atanmustir.
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Tablo 5. Veri Setine iliskin Nicel Veriler ve Degerleri

No Degisken Min. Max Ortalama
(x1.000.000) (x1.000.000)
6 Mutlak Deger Isletme Faaliyetlerinden NA 0 117.012 2.259
7 Mutlak Deger Yatirim Faaliyetlerinden NA 0 86.421 1.556
8 Mutlak Deger Finansman Faaliyetlerinden NA 0 50.005 1.288
9 Mutlak Deger Tiim Faaliyetlerden Saglanan NA ~ 4.776 40.513 1.350
10 Tiim Faaliyetlerden Saglanan NA/ Toplam Aktif 0 0.624 0.054

Tablo 5’te yer alan degiskenler, herhangi bir doniisiime tabi tutulmadan algoritmaya dahil edilmistir.
4.4. Bulgular

Arastirma temel sorusu gergevesinde, nakit akis verileri ile net doviz pozisyonu arasinda iligki olup
olmadigi, Coklu Dogrusal Regresyon modeli ile ortaya konulmustur.

Tablo 6. Regresyon Analizi Sonuclari

Degisken Regresyon Regresyon 95% Giiven t istatistigi p>t
Katsayisi Katsayisi St. Aralhg (conf.)
Hata
logAktif 0,824 0,058 0,711 14,22 0,000
logmdnaToplamNA -0,127 0,033 -0,193 -3,78 0,000
logMDNAFinansman -0,072 0,032 -0,136 -2,25 0,025
logMDNAY atirim 0,037 0,031 -0,024 1,18 0,239
logMDNAIsletme 0,082 0,040 0,003 2,05 0,040
NakitProfili 0,051 0,026 -0,007 1,93 0,043
Sabit Terim 2,553 0,701 0,177 3,64 0,000
Orneklem Sayis1 (n) 1.340 Diizeltilmis R-Kare (R?) 0,554
R-Kare (R?) 0,557 Regresyon Standart Hata (S) 4989,542
Kok ortalama kare sapma (Root MSE) 1,568 Prob>F 0,000

St:Standart; t: Coklu dogrusal regresyon analiz sonucunun t degeri, p: Olasilik degeri

Coklu regresyon analizi sonucunda “Varyans Sisme Degeri (VIF)” 2,58 olarak dl¢tilmiistiir (1 ile 5
arasinda olmasi gerekmektedir). Coklu agiklayicilik katsayisi olan “R-squared (R?)” 0,55 olarak
goriilmektedir. F istatistigi 0,05’ten kiiciik ¢iktig1 icin, modelimiz anlamlidir. Model iizerinde, t
istatistik (p>t) degeri 0,05’ten biiyiik olan “Yatirim Faaliyetlerinden olan Nakit Akislarmin”, “Net
Déviz Pozisyonu” tizerindeki etkisi anlamli degildir (0,239). Diger degiskenlerin NDP’yi etkileme
diizeyi, regresyon modeli lizerinden anlamli gériilmektedir.

Coklu regresyon analizi sayesinde nakit akis tablosu verileri ile NDP arasindaki iligki ortaya
koyulduktan sonra c¢aligmamizin ikinci kismimni olusturan “Siniflandirma” algoritmalarina
gegilecektir. Arastirma metodolojisinde bahsi gegen makine 6grenmesi siniflandirma algoritmalari
ayni sirketlerin olugturdugu veri setine uygulanmistir. Siniflandirma etiketi (degiskeni) olarak “Net
doviz Pozisyonu” belirlenmis ve bu kisimda “Negatif -Pozitif” olarak ikiye ayrilmistir.

Arastirmada algoritmanin egitilmesi igin veriler egitim ve test verisi olarak bdliimlenmemis ve
“capraz dogrulama (cross validation)” yonteminden faydalanilmistir. Bu durumda, veri seti
makinenin egitilmesi ve egitilen makinene testi i¢in ikiye boliinmemekte; bunun yerine, mevcut tim
veri seti boliiniip, bu veriler pargalar halinde yine tiim veri setine uygulanarak test edilmektedir
(Sejuti ve Islam, 2023: 4). Veri seti ise, program tarafindan 10 esit pargaya boliinerek test edilmistir.
Bu baglamda, kullanilan algoritmalara gére olusturulan “Karigiklik (Hata) Matrisleri” alinan veriler,
Tablo 7°de 6zetlenmistir.
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Tablo 7. Siiflandirma Algoritmalar: Sonuclar:

Smiflandirma  Veri Tahmin ile Negatif Tahmin ile Pozitif Toplam
Algoritmasi Sayis1  Dogru Verilerin Dogru Verilerin Basan
(A) Simniflanan Smiflandirma  Simflanan Smiflandirllma (%)
Negatif Basarisi (%) Pozitif Veri Basarisi1 (%) (C+B)/A
Veri Sayisi Sayisi (C)
B)
Rastgele 1340 643 91,47 139 21,82 58,36
Orman
Naive Bayes 1340 566 80,51 199 31,24 57,09
Destek Vektor 1340 629 89,33 137 21,51 57,09
Makineleri
KNN 1340 430 61,17 331 51,96 56,79
Karar Agaci 1340 698 99,29 31 4,87 54,40

Tablo 7°de verilen toplam siniflandirma basarisi yiizdesi; algoritma sonrasi tahmin ile dogru
smiflanan pozitif ve negatif verilerin (C+B), ilk basta bulunan toplam veri sayisina (A) bdliinmesi ile
bulunmustur. Buna gore, en basarili sonucu veren smiflandirma algoritmasi ‘“Rastgele Orman”
olmustur (%58,36). Tablo 7°de goriildligii iizere diger algoritmalarin sonucu da birbirine yakin
durumdadir.

Tablo 7 incelendiginde; algoritmalarin “Net Doviz Pozisyonu Negatif” olan igletme verilerini
smiflandirma basarisi, “Net Doviz Pozisyonu Pozitif” olan isletmelere gore daha yiiksek oldugu
goriilmektedir. Bu konuda en yiiksek basarili siniflandirmay1 elde eden yontem ise, %99,29 ile
“Karar Agac1” algoritmasidir. En diisiik basarida simiflandirma ise, %61,17 ile “KNN” algoritmasi
oldugu gorilmiistiir. NDP pozitif isletmelerin siniflandirilmasinda ise bu durumun tam tersi
goriilmektedir. Buradan hareketle, nakit akig tablosu verilerinden olusan veri setinde, NDP negatif
olan isletmelerin siniflandirma performansinin daha yiiksek oldugu anlasilmaktadir.

Veri madenciligi tekniklerinden olan siniflandirma algoritmalar1 uygulamalarinda, bilgiye ulasmak
icin farkli yontemler kullanilmaktadir. Farkli yontemlere elde edilen veriler de algoritmalarin
formiile bagl yapisinda sentezlenerek, veri tabani sonuglar ortaya konulmaktadir. Algoritmalardan
hangisinin daha iistlin oldugu hakkinda ¢aligmalar yapilmis ve sonucunda birbirinden farkli neticeler
goriilmiistiir. Bu durumun en temel sebebi ise; veri sayisina, islenen veri kaynagima, verilerin 6n
islemesine ve algoritmalarla ilgili paradigmalarin kullanicilar tarafindan secilmesi goriilmiistiir
(Coskun ve Baykal, 2011: 6). Bu caligmada kullanilan veri kiimesi, nakit akis verilerine dayanarak
'NDP negatif/pozitif seklinde siniflandirilmistir; ancak farkli dénemlerde, BIST-100 endeksi
disindaki isletmelerle ya da farkli algoritmik paradigmalarla ¢alisildiginda, bu sonuglardan farkli
bulgularin da elde edilmesi miimkiindiir

5. SONUC

Yabanci para pozisyonu durumu degisiminin, isletme ile ilgili mikro ve makro birgok etkene bagl
olarak degistigi varsayimina bagli olarak, nakit akig tablosundan elde edilen NA verileri ile
Olciilmeye ¢alisilmistir. Bunun igin ¢oklu dogrusal regresyon denkleminden yararlanilmistir. Yatirim
faaliyetlerinden olan NA diginda kalan nakit akig tablosu verilerinin, NDP’yi etkileyebildigi anlaml
olarak belirlenmistir. Modelin eksik kismi olarak, hata terimlerinin normal dagilim gostermesi ile
diger regresyon varsayimlarmin dikkate alimmmamasi gosterilebilir. Buradaki regresyon modeli,
arastirma konumuzun temel hipotezini test etmek adina degil, yalnizca igletme NA verileri ile NDP
arasinda iliskinin var olabileceginin kontrolii amaciyla kullamlmaktadir. ileride yapilacak
calismalarda bu iki degiskene iliskin isletme kapsami arttirilarak, zaman serisi bigiminde
olusturulacak veri setleri ile modelin gegerliligi test edilebilir. Ayrica; doviz kurunun asir
dalgalanmalar gostermedigi, yabanci paraya bagli varlik ve kaynaklardaki degisim etkisinin az
oldugu donemlerde yapilacak NDP-NA analizlerinin, bu iki kavram arasindaki iligkiyi ortaya
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koymada daha dogru sonuglar verebilecegi de diistiniilmektedir.

Aragtirma veri seti makine 6grenmesi siiflandirma algoritmalart vasitastyla teste tabi tutulmustur.
Caligma kapsaminda belirlenen 5 siniflandirma algoritmasi kullanilmis ve NDP pozitif/negatif
degiskeni (etiket), nakit akig verileri sayesinde olusturulan kiimeler {izerinden siniflandirilmistir.
Smiflandirma algoritmalart kapsaminda negatif NDP’ye sahip olan isletmelerdeki basari orani,
pozitif NDP’ye sahip olanlardan yiiksek oldugu goriilmiistiir. Buradan hareketle veri setinde, NDP
pozisyonu negatif konumda olan igletmelerin nakit akis veri kiimeleri, NDP konumu pozitif olan
isletmelere gore daha yakin kiimelenebilecegi sdylenebilir. Bir bagka ifadeyle, NDP negatif
durumunda olan isletmelerin nakit akis verilerinin birbirine benzer sekilde dagilim gosterebilecegi
anlagilmaktadir. NDP pozitif isletmelerin nakit akis verileri ise, ¢ok farkli yonde hareket ettigi ve
dolayisiyla siniflandirmada diisiik basari ile tahmin edilebildigi goriilmektedir.

Siiflandirma basarisi olarak; makine tarafindan tahmin ile dogru siniflanan verilerin, toplam veri
setine boliinerek bulunan oranlar kullanilmistir. Daha sonra yapilacak ¢alismalarda kullanilabilecek,
bu iki temel isletme finansal tablo degiskeni igin veri seti olusturulmustur. Bunun yaninda, iki
degisken arasindaki siniflandirma farkliliklar1 da istatistiksel yontemlerle tespit edilebilir. Farkli
yapay zekd ve makine Ogrenmesi uygulamalari ile NA ve NDP kalemlerinden olusan veri
madenlerinin altinda yatan nedenler ortaya konulabilir.

Isletme NA ile NDP verilerinin konu oldugu bu calismada, yapay zeka tekniklerinden olan makine
Ogrenmesi uygulamalarinin muhasebe siireclerinden ortaya g¢ikan bilgiler igin kullanilabilecegi
ortaya konulmustur. Boylelikle ¢alismanin 6nemi olarak finansal tablo verilerinin, isletme paydaslar
tarafindan yapay zekd uygulamalariyla analiz edilebilmesi vurgulanmaktadir. Ileride yapilacak
calismalarda, muhasebe bilgi sisteminden elde edilen veri havuzlari, algoritmalarin siizgecinden
gegirilerek gelecekle ilgili karar alma siireglerinde kullanilabilecektir.
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Arastirma Makalesi (Research Article)

BIST KOBI Sanayi Endeksindeki Sirketlerin Finansal Performanslari ile Hisse
Senedi Getirileri Arasindaki Iliskinin LOPCOW ve MARCOS Yéntemleriyle

Analizi
Azize KAHRAMANI KOC!

Oz

Bu galismada BIST KOBI (Kiigiik ve Orta Biiyiikliikteki Isletmeler) Sanayi endeksinde faaliyet gosteren sirketlerin 2014-2023
yillar1 arasinda finansal performans basari siralamalari ile hisse senedi getirileri arasindaki iligkinin incelenmesi amaglanmustir.
Bu amag dogrultusunda sirketlerin finansal performans basarisinin hesaplanabilmesi igin ¢ok kriterli karar verme tekniklerinden
(CKKV) LOPCOW ve MARCOS yontemleri kullanilmistir. Finansal performans basarisinin hesaplanabilmesinde aktif devir hizi,
cari oran, likit oran, aktif karlilik, net karlilik, 6zsermaye karlilik ve finansman orani olmak tizere toplam 7 adet degerlendirme
kriteri kullanilmistir. Kullanilan degerlendirme kriterlerinin 6nem agirlik derecelerinin tespit edilmesinde LOPCOW yontemi
kullanilmigtir. ~ Sirketlerinin  finansal performans basar1 siralamalarinin  belirlenmesinde ise MARCOS  ydnteminden
faydalanilmistir. Ardindan finansal performans skor degerleri ile hisse senedi getirileri arasindaki iliskinin tespit edilmesinde
korelasyon analizi yapilmis ve %5’te istatistiksel olarak anlaml1 iligki bulunmustur. LOPCOW analizi soncuna gére 2014, 2015,
2016 ve 2022 yillari igin Net Kar kriteri, 2017, 2018, 2019 ve 2021 yillar1 igin Ozsermaye Karlilik kriteri, 2020 yil1 igin Aktif
Devir Hiz1 kriteri, 2023 yili i¢in ise Aktif Karlilik kriteri en 6nemli kriterler olarak tespit edilmistir. MARCOS analizi
sonuglaria gore ise 2014, 2015, 2016, 2017, 2018, 2019, 2020 ve 2021 yillarinda FMIZP sirketinin, 2022 yilinda SELGD
sirketinin, 2023 yilinda ise YAPRK sirketinin finansal performans agisindan en basarili sirketler oldugu sonucuna ulasilmustir.

Anahtar Sézciikler: Finansal Performans, Hisse Senedi Getirisi, LOPCOW, MARCOS, KOBI Sanayi.
JEL Kodlar: G10, G20.

Analysis of the Relationship Between the Financial Performance and Stock Returns of
Companies in the BIST SME Industrial Index By Using the LOPCOW and MARCOS Methods

Abstract

This study aims to examine the relationship between financial performance success rankings and stock returns of companies
operating in the BIST SME (Small and Medium Enterprises) Industrial Index between 2014 and 2023. For this purpose, the
LOPCOW and MARCOS methods from Multi-Criteria Decision Making (MCDM) were used to calculate the financial
performance success of companies. A total of 7 evaluation criteria were used to calculate financial performance success,
namely asset turnover, current ratio, liquidity ratio, asset profitability, net profitability, equity profitability and financing ratio.
The LOPCOW method was used to determine the importance weights of the evaluation criteria used. The MARCOS method
was used to determine the financial performance success ranking of the companies. A correlation analysis was then carried
out to determine the relationship between the financial performance scores and stock returns, and a statistically significant
relationship was found at 5%. According to the results of the LOPCOW analysis, the most important criteria were the net
profit criterion for the years 2014, 2015, 2016 and 2022, the return on equity criterion for the years 2017, 2018, 2019 and
2021, the asset turnover criterion for the year 2020 and the return on assets criterion for the year 2023. According to the results
of MARCOS analysis, it was concluded that FMIZP was the most successful company in terms of financial performance in
2014, 2015, 2016, 2017, 2018, 2019, 2020 and 2021, SELGD in 2022 and YAPRK in 2023.
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BIST KOBI SANAYI ENDEKSINDEKI SIRKETLERIN FINANSAL PERFORMANSLARI iLE HiSSE SENEDI GETIRILER] ARASINDAKI
ILISKININ LOPCOW VE MARCOS YONTEMLERIYLE ANALIZi

EXTENDED SUMMARY
Introduction

The significance of strong financial performance for businesses to preserve their assets and secure a
competitive edge, both within their sector and individually, is crucial. A company that achieves
robust financial results not only boosts its own success but also plays a vital role in the broader
national economy. Through the evaluation of financial results, businesses can assess their current
position and take steps to mitigate potential risks they may encounter in the future. Organizations
often seek to understand how they rank against their industry peers in order to develop and implement
effective strategies. Consequently, the ranking of companies holds considerable value in the
corporate world (Abdel-Basset, Ding, Mohamed, and Metawa, 2020: 193). Financial performance is
typically assessed through financial ratios, which require a comprehensive analysis of several ratios
at once. Since each ratio offers unique insights, integrating all findings is essential to making
informed decisions. In situations where multiple objectives must be considered simultaneously to
select the optimal alternative, Multi-Criteria Decision Making (MCDM) proves valuable due to its
analytical and evaluative efficiency. MCDM techniques are frequently utilized in finance to tackle
financial issues involving various criteria (Inani and Gupta, 2017: 128). In this study, the financial
performance rankings of companies listed in the BIST SME Industrial Index between 2014 and 2023
were determined using seven evaluation criteria. Therefore, widely used Multi-Criteria Decision
Making (MCDM) techniques, specifically the Weighted Sum Model (WSM), were used to measure
financial performance. The LOPCOW method was used to determine the importance weights (wj) of
the evaluation criteria. Subsequently, the MARCOS method was used to derive the financial
performance rankings of the companies within the sector using the obtained wj values. Finally, the
relationship between the derived scores and the stock return rankings was examined using Spearman's
rank correlation analysis.

Literature on Research

In their research, Ozden et al. (2012) employed VIKOR and Spearman rank correlation coefficient
analyses to explore the connection between financial results scores and stock return rankings of
companies in the BIST cement sector. The analysis concluded that no statistically significant
relationship was found at the 5% significance level.

Akbulut and Rencber (2015) examined the link between financial results and stock market
performance of companies in the BIST manufacturing industry using TOPSIS and correlation
analysis, but they found no significant relationship.

Temizel and Baycelebi (2016) applied TOPSIS and Spearman Rho Correlation Analysis to
investigate the relationship between financial results and stock returns of companies listed in the
BIST textile manufacturing sector between 2011 and 2014. Their results indicated that no statistically
significant relationship existed between performance rankings and capital gains.

Isik (2019) studied the relationship between financial results scores and stock returns of companies
in the BIST 30 index, using Entropy, TOPSIS, and Spearman rank correlation methods, and found
no statistically significant result.

Akbulut (2020) conducted a correlation analysis to determine the relationship between the financial
performance rankings and stock returns of companies operating in the cement sector of BIST using
the CRITIC and MABAC methods. The geometric mean of the MABAC financial performance
scores and stock return scores were calculated and the relationship between them was analysed using
the Spearman rank correlation test, resulting in a significant result at the 1% significance level.
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Culhaoglu and Yesildag (2023) used TOPSIS, GIA, and Pearson correlation analysis methods to
explore the relationship between stock returns and financial results of companies in the food,
pharmaceutical, and retail sectors within BIST, and they identified statistically significant results.

A review of existing literature did not reveal any studies that combined the LOPCOW and MARCOS
methods. The integration of these methods in this study distinguishes it from other research.

Method of The Research

The objective of the study is to investigate the relationship between financial performance scores and
stock return rankings of companies listed in the BIST SME Industrial Index. The study population
consists of 29 companies included in the BIST SME Industrial Index. In determining the sample,
both companies with complete data available from 2014 to 2023 and companies that started trading
on the stock exchange from 2014 (13 companies) were included in the research.

MCDM techniques were applied in this study, specifically the LOPCOW and MARCOS methods.
The LOPCOW method was chosen to determine the weightings of the criteria due to its objectivity,
its ability to handle negative values in the decision matrix, and its recent introduction to the literature.
The MARCOS method was used to rank the companies based on their performance, selected because
it is a newly introduced technique in the literature, as of 2020.

Findings of The Research

According to the results of the LOPCOW analysis, the most important criteria identified for the years
2014, 2015, 2016 and 2022 is net profit, for the years 2017, 2018, 2019 and 2021 is return on equity,
for 2020 is asset turnover and for 2023 is return on assets. It can be stated that by focusing on these
identified criteria, which are the most important in improving the financial performance success of
companies during these years, companies can improve their financial performance achievements.

According to the results of MARCOS analysis, FMIZP was found to be the most successful company
in terms of financial performance for the years 2014, 2015, 2016, 2017, 2018, 2019, 2020 and 2021,
SELGD for 2022 and YAPRK for 2023. On the other hand, DOGUB was identified as the least
successful company in terms of financial performance for the years 2014, 2015, 2016, 2017, 2019,
2020 and 2023, ALMAD for 2018, SAMAT for 2019 and 2021 and ERSU for 2022.

Spearman correlation analysis was performed using SPSS 22 to determine whether there was a
significant relationship between the financial performance scores obtained using the MARCOS
method and the companies’ stock returns. According to the results of the correlation analysis, a
statistically significant relationship was found at the 0.05 level between the financial performance
scores calculated using the MARCOS method and the stock returns.

Conclusion

In the study, the geometric means of the financial performance scores obtained using the MARCOS
method of multi-criteria decision making (MCDM) and the stock return rankings were calculated to
obtain an overall ranking for both the financial performance scores and the stock return rankings. In
this context, Spearman's correlation analysis was performed to determine whether there is a
relationship between financial performance and stock returns based on the overall ranking obtained.
According to the results of the correlation analysis, it was found that there is a statistically significant
relationship at the 5% significance level between the financial performance scores obtained by the
MARCOS method and stock returns. The results obtained are similar to those of Akbulut (2020),
Aydin (2020), Baydas (2020), Culhaoglu, and Yesildag (2023) in the literature. The fact that very
few studies in the literature show a statistically significant relationship between financial
performance scores obtained using MCDM techniques and stock returns increases the contribution
of the study to the literature.
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1. GIRIS

Isletmelerin varliklarin1 devam ettirebilmelerinde hem sektérel hem de bireysel agidan rekabet
avantaji elde edebilmesinde basarili bir finansal performansa sahip olmasinin 6nemi oldukga fazladir.
Bir igletmenin bagarili bir finansal performansa sahip olmasi sadece bireysel degil ayni zamanda iilke
ekonomisine de onemli katkilar saglamaktadir. Isletmeler finansal performans analizi sonucunda
mevcut durumunu analiz edebilir ve gelecekte karsilasabilecegi tehditlere karsi Onlemler
alabilmektedir. Erbul ve Ozdemir (2021), isletme performansimi yoneticiler agisindan isletme
faaliyetlerinin sonuglarini, yatirimeilar agisindan ise isletme icin katlanmis olduklari sermayenin
ekonomik ¢iktilarini ifade ettigini vurgulamislardir. Kaygin, Bagci ve Tanir (2019) gelismekte olan
iilkelerde varliklarimi siirdiiren isletmelerin finansal giicli, mal ve hizmet fiyati, toplumsal refah,
istihdam seviyesi gibi birtakim konular incelendiginde iilke ekonomisi agisindan KOBI’lerin finansal
bagar1 diizeylerinin daha da 6nemli bir hal aldigin1 vurgulamiglardir. Ayrica bu isletmelerin finansal
basarilarinin degerlendirilmesi gerek siireklikleri ve biiylimeleri gerekse fon ihtiyaglarmin
giderilmesi gibi bir¢ok konu i¢in gerekliligini ifade etmislerdir.

Performans ol¢limlerinin yapilmasi sadece isletmelerin kendisi i¢in degil isletmeye fon saglayan
kurum ve kuruluglar ayn1 zamanda yatirimcilar i¢in de dnem arz etmektedir (Kendirli ve Kaya, 2016:
35). Yatirimeilar, fon birikimlerini hangi hisse senetlerine yatiracaklarina karar verirken, piyasalari
derinlemesine inceleyerek elde ettikleri bilgiler neticesinde en uygun getirisi yiiksek hisse senedini
secmektedirler (Horasan, 2009: 181). Finansal performans; karlilik, iiretkenlik ve ekonomik gelisme
gibi cesitli anlamlara sahiptir. Bu nedenle finansal oranlar, gerek sirketler gerekse de ilgili sektorler
icin finansal performansi 6lgmekte uygun bir 6lgiit olarak kullanilmaktadir (Abdel-Basset, Ding,
Mohamed ve Metawa, 2020: 193). Ayrica finansal performans; isletmelerin faaliyetlerinin ve parasal
politikalarmin sonuc¢larmin hesaplanabilmesi olarak da ifade edilmektedir. Bdylece isletmelerin
finansal pozisyonu, risk derecesi ve yatirimlarimm verimlilik diizeyi tespit edilebilmektedir
(Uygurtiirk ve Korkmaz, 2012: 96).

Bir firmanin finansal performansi finansal oranlara gére degerlendirilmektedir. Dolayisiyla finansal
performanst hesaplayabilmek i¢in birden fazla orani ayni anda dikkate almamiz gerekmektedir. Her
bir oranin farkli bir yorumu vardir ve nihai bir karar almak igin tiim bu ¢ikarimlar1 bir araya
getirmemiz gerekmektedir. Bu, cesitli hedefleri ayni anda dikkate alarak en iyi alternatifi
secebilmemiz gibi durumlarda, analiz ve degerlendirme kolayligi nedeniyle CKKV yardimci
olmaktadir. CKKV teknikleri, birden fazla kritere sahip finansal sorunlar1 ele almak i¢in finans
alaninda yogun olarak kullanilmaktadir (Inani ve Gupta, 2017: 128).

Bu ¢alismada BIST KOBI Sanayi endeksinde yer alan sirketlerin sektdr ierisinde 2014-2023 yillart
arasindaki finansal performans bagar1 siralamasi 7 adet degerlendirme kriteri kullanilarak tespit
edilmeye caligilmigtir. Bu nedenle finansal performans dl¢timiinde literatiirde gogunlukla kullanilan
CKKV teknikleri kullamilmistir. Degerlendirme kriterlerinin 6nem agirlik derecelerinin (wj)
tespitinde LOPCOW yontemi kullanilmigtir. Ardindan elde edilen wj degerleri kullanilarak
MARCOS yontemi ile sirketlerin sektor igerisindeki finansal performans basari siralamasi elde
edilmistir. Daha sonra elde edilen skor degerler ile hisse senedi getiri siralamasi arasindaki iligki
Spearman’s korelasyon analizi ile incelenmistir. Hisse senedi getirileri hem igletme i¢i hem de
isletme dis1 faktorlerden etkilenmektedir. I¢ faktorler isletmenin finansal performansini ifade
ederken, dis faktorler; GSYIH, doviz kurlarinda yasanan degisiklikler, enflasyon ve faiz orani, para
arz1, dis ticaret dengesi gibi birgok faktor olarak siralanabilir (Glingdr ve Kaygin, 2015: 150).

Geligmekte olan iilkeler i¢in ekonominin temel yap1 taglarindan biri olan KOBI Sanayi sektoriindeki
igletmelerin iilkenin kalkinmasi ve gelismesindeki katkisi yaygin bir kabul gormektedir. KOBI
Sanayi sektorii iilke ekonomisine katkinin yani sira istihdam firsatlar1 da yaratma noktasinda
belirleyici bir iglev gérmektedir. Dolayisiyla gelismekte olan iilkeler i¢in 6nemli olan KOBI Sanayi
sektorliiniin finansal agidan degerlendirilmesi onemli bir arastirma problemi olarak gilindeme
gelmektedir. Ulkemizde isletmelerin neredeyse %90’a yakinm1 KOBI olarak faaliyet gostermektedir.
Bu nedenle literatiirde KOBI sektoriinde faaliyet gosteren isletmeler {izerine yapilan ¢aligmalarin
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artirillmasi gerekmektedir. Bu 6nem dikkate alinarak bu ¢aligmada KOBI Sanayi sektoriiniin finansal
performansinin LOPCOW ve MARCOS yontemleri ile tespit edilmesi ve ardindan elde edilen skor
degerleri ile hisse senedi getirileri arasindaki iligkinin ortaya konulabilmesi i¢in Spearman’s
Korelasyon Analizinin yapilmasi hedeflenmistir. Bdylece bu c¢aligma, KOBI Sanayi endeksinde
faaliyet gosteren isletmelerin finansal performans basart durumunu ortaya koymanin yani sira,
finansal performans ile hisse getirileri arasinda iligkinin olup olmadigini analiz ederek hem isletme
yoneticilerine hem de finansal bilgi kullanicilarina rehberlik etme potansiyeline sahip oldugu
sOylenebilir. Arastirmanin bu yoniiyle literatiire 6nemli bir katki saglayacagi diistiniilmektedir.
Ayrica literatiir incelendiginde KOBI Sanayi sektoriiniin finansal performans siralamasinin
tespitinde kullanilan hem 7 adet degerlendirme kriterlerinin hem de LOPCOW ve MARCOS
yontemlerinin birlikte kullanildigina rastlanilmamistir. Kullanilan bu ydntemlerin literatiire yeni
kazandirilan giincel yontemler olmasi da aragtirmanin 6zgiinliigiinii pekistirmektedir.

2. LITERATUR ARASTIRMASI

Bu baglik altinda CKKYV ile elde edilen skor degerleri ile hisse senedi getirileri arasindaki iliskileri
inceleyen c¢aligmalara yer verilmistir. Tablo 1 incelendiginde cogunlukla ulusal literatiirde bu
konudaki ¢aligmalarin yer aldigi goriilmektedir. Ayrica Tablo 1 incelendiginde yapilan ¢aligmalarda
LOPCOW ve MARCOS yonteminin birlikte kullanildig1 calismaya rastlanilmamistir. Bu
yontemlerin birlikte kullanilmasi arastirmay1 diger ¢calismalardan 6zgiin kilmaktadir.

Tablo 1: Ulusal ve Uluslararasi Literatiirde Yer Alan Calismalar

Yazar Yil Yontem Orneklem
Ozden, Basar ve 2012  VIKOR ve Spearman Sira Korelasyon BIST Cimento Sektrii
Kalkan Katsayist
Akbulut ve 2015 TOPSIS ve Korelasyon BIST imalat Sektorii
Rengber
Ozen, Yesildag ve 2015  TOPSIS ve Korelasyon BIST Gida Sektorii
Soba
Temizel ve 2016  TOPSIS ve Spearman Rho Korelasyon BIST Tekstil Imalat Sanayi
Baygelebi
Orcun ve Eren 2017  TOPSIS ve Spearman Sira Korelasyon BIST Teknoloji Sektori
Unal ve Yiiksel 2017  PROMETHEE ve Korelasyon Analizi BIST Siirdiiriilebilirlik Endeksi
Isik 2019  Entropi, TOPSIS ve Spearman Sira BIST 30 Endeksi
Korelasyon Analizi
Orgun 2019  Entropi, WASPAS ve Spearman Sira BIST Elektrik Endeksi
Korelasyonu
Sahin ve Sari 2019 Entropi, TOPSIS, VIKOR ve Sira BIST Imalat Sektorii
Korelasyon Analizi
Akbulut 2020  CRITIC, MABAC ve Spearman Sira BIST Cimento Sektorii
Korelasyonu
Aydn 2020  Entropi, MAUT ve Korelasyon Analizi BIST Kimya, Petrol, Kaucguk ve
Plastik Sektorii
Baydas 2020  TOPSIS ve Spearman Sira Korelasyonu BIST imalat Sektorii
Calis ve Sakarya 2020  PROMETHEE ve Korelasyon Analizi BIST Bankacilik Sektorii
Akbulut ve 2021 Entropi, CoCoSo ve Korelsayon Analizi BIST Kimya, Petrol, Kauguk ve
Hepsen Plastik Sektori
Apan ve Oztel 2021 Bulanik AHP-GIA ve Korelasyon Testi BIST Banka Sektorii
Arslan 2023 TOPSIS, MAUT ve Pearson Korelasyon  BIST Balikesir Endeksi
Analizi
Culhaoglu ve 2023 Entropi, TOPSIS, GIA ve Pearson BIST Gida, ilag ve Perakende Ticaret

Yesildag

Korelasyon Analizi

Sektorii

Literatiirde yapilan ¢alismalarin bilyiik bir kisminda finansal performans skor degerleri ile hisse
senedi getirileri arasinda istatisksel olarak anlamli iliski tespit edilememistir. (Ozden ve digerleri,
2012; Akbulut ve Rengber, 2015; Ozen ve digerleri, 2015; Temizel ve Baycelebi 2016; Orgun ve
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Eren, 2017; Unal ve Yiiksel 2017; Isik 2019; Orgun 2019; Sahin ve Sar1 2019; Calis ve Sakarya 2020;
Akbulut ve Hepsen 2021; Apan ve Oztel 2021; Arslan 2023). Bunun yan1 sira yapilan caligmalarin
az bir kisminda ise finansal performans skor degerleri ile hisse senedi getirleri arasinda istatistiksel
olarak anlamli iligki oldugu sonucuna ulasilmistir (Akbulut 2020; Aydin 2020; Baydas 2020;
Culhaoglu ve Yesildag, 2023).

3. ARASTIRMA

Arastirmada BIST KOBI Sanayi endeksinde islem goren sirketlerin finansal performans skor
degerleri ile hisse getirileri siralamalari arasindaki iliskinin incelenmesi amaglanmistir. Calismanin
evreni, BIST KOBI Sanayi endeksinde faaliyet gosteren 29 sirketten olusmaktadir. Caligmanin
orneklemi belirlenirken 2014-2023 yillar1 arasinda hem verilerine eksiksiz bir sekilde ulagilan
sirketler hem de 2014 yilindan itibaren borsada iglem gormeye baslayan sirketler (13 adet) arastirma
kapsamina dahil edilmistir. S6z konusu sirketler 2014-2023 yillar1 arasinda BIST KOBI Sanayi
endeksinde kesintisiz bir sekilde islem goren sirketlerdir. Tablo 2’de hem sirket isimleri hem de sirket
kodlar1 verilerek aragtirmanin 6rneklemi yer almaktadir.

Tablo 2: Arastirmanin Orneklemi

Kod Sirket ismi

ACSEL  ACISELSAN ACIPAYAM SELULOZ SANAYI VE TICARET A.S.

ALMAD ALTINYAG MADENCILIK VE ENERJI YATIRIMLARI SANAYI VE TICARET A.S
BURVA BURCELIK VANA SANAYI VE TICARET A.S.

DOGUB DOGUSAN BORU SANAYI VE TICARET A S.

EMKEL EMEK ELEKTRIK ENDUSTRISI A.S.

ERSU ERSU MEYVE VE GIDA SANAYI A S.

FMIZP  FEDERAL MOGUL IZMIT PISTON VE PiM URETIM TESISLERI A S.

LUKSK LUKS KADIFE TICARET VE SANAYIi A.S.

NIBAS  NIGBAS NiGDE BETON SANAYI VE TICARET A.S.

PRZMA PRIZMA PRES MATBAACILIK YAYINCILIK SANAYI VE TICARET A.S.

SAMAT SARAY MATBAACILIK KAGITCILIK KIRTASIYECILIK TICARET VE SANAYI A.S
SELGD  SELCUK GIDA ENDUSTRI IHRACAT ITHALAT A.S.

YAPRK  YAPRAK SUT VE BESI CIFTLIKLERI SANAYI VE TICARET A S.

3.1. Arastirmanin Amaci

Caligmada iilke ekonomisinin gelismesinde ve kalkinmasinda biiyiik bir dnemi bulunan BIST KOBI
Sanayi endeksindeki 2014-2023 yillar1 arasinda kesintisiz verilerine ulagilabilen 13 adet sirketinin
ilk olarak 10 y1llik finansal performans basar1 siralamalarinin ¢ok kriterli karar verme tekniklerinden
LOPCOW ve MARCOS yontemleri ile hesaplanmasi amaglanmistir. Ardindan arastirmanin ikinci
amacini olusturan MARCOS yontemi ile elde edilen finansal performans skor degerleri ile sirketlerin
hisse senedi getirileri arasinda anlamli iligki olup olmadiginin tespit edilmesi hedeflenmistir.

3.2. Arastirmanin Yoéntemi

Calismada CKKYV tekniklerinden LOPCOW ve MARCOS yontemi kullanilmistir,. LOPCOW
yontemi hem objektif yontem olmasi hem de negatif degerlerin karar matrisinde problem teskil
etmemesi ayn1 zamanda son yillarda literatiire kazandirilan bir yontem olmasindan dolay1 kriterlerin
onem agirliklarinin tespit edilebilmesinde tercih edilmigti. MARCOS yontemi ise sirketlerin
performans siralamasinin belirlenebilmesi ig¢in kullanilmigtir. Bu yontemin ise tercih edilme sebebi
son yillarda (2020) literatiire kazandirilan giincel bir yontem olmasidir.

Arastirmada kullanilan degerlendirme kriterleri Kamu Aydinlatma Platformu’ndan (KAP) sirketlerin
bilango ve gelir tablolar1 kullanilarak elde edilmistir. Tablo 3’te kullanilan degerlendirme kriterlerine,
kodlarina ve kriterlerin yonlerine (maliyet-fayda) yer verilmistir.
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Tablo 3: Arastirmada Kullanilan Degerlendirme Kriterler

Oranlar Kriter Degerlendirme Kriterleri Kriter Yonleri
Kodlan
Faaliyet Oranlar1 ADH Aktif Devir Hiz Max
Likidite Oranlar1 CO Cari Oran Max
LO Likit Oran Max
AK Aktif Karlilik Orani Max
Karlilik Oranlart NK Net Karlilik Orani Max
OK Ozsermaye Karlilik Orani Max
Mali Yap1 Oranlar1 FO Finansman Orani1 Max

Arastirma sonuglari; incelenen dénem (2014-2023), kullanilan degerlendirme kriterleri (7 adet) ve
kullanilan yontemler (LOPCOW ve MARCOS) ile sinirhidir.

3.2.1. LOPCOW Yontemi

LOPCOW (LOgarithmic Percentage Change-driven Objective Weighting) yontemi Ecer ve Pamucar
tarafindan 2022 yilinda literatiire kazandirilmig karar probleminde yer alan kriterlerin 6nem agirlik
derecelerinin tespit edilmesinde kullanilan objektif bir yontemdir (Ecer ve Pamucar, 2022: 1).
LOPCOW yodntemi bazi objektif kriter agirliklandirma yontemleri gibi karar matrisinde yer alan
negatif degerlerden etkilenmeyen bir ¢6ziim algoritmasina sahiptir. Bu durum yontemin 6nemli
avantajlarindan biri olarak kabul edilmektedir. (Aygin, 2023: 480; Ayg¢in ve Bektas, 2024: 6).
Yontem dort adimdan olugsmaktadir. Bunlar (Ecer ve Pamucar, 2022: 4-5; Ayg¢in, 2023: 480-481;
Nila ve Roy, 2023: 4; Simic ve digerleri, 2023: 5-8);

1. Adim: Baglangi¢c Karar Matrisinin Olusturulmasi
Yontemin ilk adiminda, m tane alternatif ve n tane kriterden olusan baglangi¢ karar matrisi Formiil 1
araciligryla hesaplanmaktadir.

c; C,....C,
Ay [X11  X12  Xin
BKM = A? x2:1 x2:2 xz:n (1)

Am Xm1 Xm2 Xmn

2. Adim: Baslangi¢ Karar Matrisinin Normalizasyonu
Formiil 2 ile baslangi¢ karar matrisinin elemanlart [0,1] araliginda deger alacak sekilde
standartlagtirilmaktadir.

C, Cy....Cy
A 111 Tz Tin
R = A? T2:1 T'z:z Tz:n (2)

Aplfmi Tmz  Ton
Formiil 3 yardimiyla maksimizasyon (fayda) yonlii kriter hesaplanmaktadir.
_ Xi j~ minxi j

Tij maxx;j—m,inx;; (3)

Formiil 4 yardimiyla minimizasyon (maliyet) yonlii kriter hesaplanmaktadir.
maxxj j Xi j

Tij _maxxi jomiinxgj (4)
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3. Adim: Her Bir Kriterin Yiizde Degerlerinin (PV;;) Hesaplanmasi

Formiil 5 kullanilarak her bir kriterin yilizdeligi alinarak bulunmaktadir. Standart sapmalarmin
yiizdesi olarak ortalama kare degeri, verilerin boyutundan dogan farki (bosluk) ortadan kaldirmak
i¢in hesaplamaktadir.

m 2
JEi=171j

PV;;=|In{ —2— | .100 (5)

o

Formiil 5’te bulunan ¢ standart sapmay1, m ise karar alternatifi sayisini ifade etmektedir.

4. Adim: Kriterlerin Objektif Onem Agirliklarinin Elde Edilmesi
Bu adimda ise bir dnceki adimda elde edilen PV;; degeri kullanilarak kriterlerin dnem agirlik
dereceleri Formiil 6 araciligiyla hesaplanmaktadir.
PV
W= o (6)

Y1 PVij
3.2.2. MARCOS Yontemi

2020 yilinda Stevic, Stevi¢, Pamucar, Puska ve Chatterjee tarafindan CKKYV literatiiriine kazandirilan
MARCOS yontemi alternatiflerin siralanmasinda kullanilan yontemdir (Stevic, Pamucar, Puska ve
Chatterjee 2020: 1). Bu yontemin ana fikrini alternatifler ve referans degerler (ideal ve anti-ideal
alternatifler) arasindaki iliskiler ele alinarak alternatiflerin siralamalar1 elde edilmektedir. Yontem
karmagik problemlerin ¢ozlimiinde kullanilmakta ve esnek bir yapiya sahiptir. Alternatiflerin fayda
fonksiyonlar1 belirlenerek ideal ve anti-ideal ¢coziimlere gore uzaklasik siralama yapilmaktadir. En
iyi alternatif, ideale en yakin ve ideal olmayan referans noktasindan en uzak olan alternatif olarak
belirlenmektedir (Stevic, Pamucar, Puska ve Chatterjee, 2020: 1; Ayg¢in, 2023: 406). MARCOS, yedi
adimdan olusmaktadir. Bunlar (Stevic, Pamucar, Puska ve Chatterjee, 2020: 1; Mesi¢, Miskic, Stevi¢
ve Mastilo, 2022: 19; Ay¢in 2023: 406);

1. Adim: Karar Matrisinin Olusturulmas:
Formiil 7 kullanilarak karar matrisi olusturulmaktadir.

C; Cy.....C,
A X141 X12 . Xqp
X = Ag X21  X22.. Xzn (7

Am Xm1 Xm2 Xmn

2. Adim: Genisletilmis Karar Matrisinin Olusturulmasi:
Formiil 8 kullanilarak karar matrisine ideal (AI) ve anti ideal (AAI) ¢coziim degerleri eklenerek
olusturulmaktadir.

¢, C, .. C,

A1 %11 X12 - Xip

XE = A, *21 X232« Xon
: 8
Am Xm1 Xm2 - Xmn ( )

AAAI Xaai1 Xaai2 =+ Xaain

AAI Xai1 Xai2 - Xain

Alve AAI degerler maksimizasyon (fayda) yonlii kriterler i¢in Formiil 9 kullanilarak hesaplanilirken,
minimizasyon (maliyet) yonlii kriterler i¢in ise Formiil 10 araciligiyla hesaplanmaktadir.

Al =maks x;; eger j € B ve min x;; egerj € C 9)
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AAI = min x;; eger j € B ve maks x;; eger j € C (10)

Formiil 3 ve 4’te yer alan “B” ifadesi fayda yonlii kriterleri, “C” ise maliyet yonlii kriterleri ifade
etmektedir.

3. Adim: Genisletilmis Karar Matrisinin Normalizasyonu
Formiil 11 kullanilarak normalizasyon iglemleri ile karar matrisinde yer alan kriterler [0,1] araliginda
deger alacak sekilde standartlagtirilmaktadir.

¢ Cy.. C,
A %11 X12 - Xin
AZ le x22 . xzn
_ 11
N - Am xml xmz e an ( )
AAAI |xaai1 Xaaiz == Xaain
Agr 1 Xgin Xaiz -+ Xain

Fayda yonlii kriterler i¢in Formiil 12 maliyet yonlii kriterler i¢in Formiil 13 kullanilmaktadir.
ng = z—:l eger j€EB (12)
ng; = i—‘;’ egerjecC (13)

4. Adim: Agirliklandirilmis Matrisin Elde Edilmesi
Bu adimda Formiil 14 ile kriterlerin 6nem agirlik dereceleri ile genisletilmis normalize karar matrisi
elemanlar1 ¢arpilarak Formiil 15’te yer alan agirliklandirilmis karar matrisi olusturulur.

vij=ni]-><wij (14)
. G C,
Ay [V11 Uiz - V1in
A2 U21 1722 e vzn
- 15
V= Am Vm1 VU2 - VUmn ( )
AAAI Vaail  Vaaiz -+ Vaain
Agr T vgin Vag o Vain

5. Adim: Alternatiflerin Fayda Derecelerinin Hesaplanmasi (K;)
Formiil 16 ve Formiil 17 kullanilarak hesaplanmaktadir.

Si
Kt = Sus (16)
Ki = Sifn (1

S; degeri ise Formill 18’de goriildiigii lizere agirliklandirilmis karar matrisinin elemanlarinin
toplamindan meydana gelmektedir.

Si =iz Vij (18)
6. Adim: Alternatiflerin Fayda Fonksiyonlariin Belirlenmesi f(K;)
Formiil 19 kullanilarak hesaplanmaktadir.

K +K;
LKD) -r(kE) (19)
HCA NG

Formiil 19°da bulunan f(K;*) ideal ¢dziime gore fayda fonksiyonunu gosterirken, f(K;) ise anti

f(K;) =
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ideal ¢oziime gore fayda fonksiyonunu temsil etmektedir. Bunlar Formiil 20 ve Formiil 21
kullanilarak elde edilmektedir.

Ki

f&) = KF+K] (20)
FUD) = i @)

7. Adim: Alternatiflerin Siralanmasi

Yontemin son adiminda ise Formiil 21°de elde edilen fayda fonksiyonlarma gore alternatiflerin
siralamast tespit edilmektedir. En iyi alternatif fayda fonksiyonun en yiiksek degerine gore
belirlenmektedir.

3.3. Bulgular

LOPCOW ve MARCOS yontemlerine gore elde edilen analiz sonuglarina Tablo 4 ile Tablo 14
arasinda yer verilmistir.

3.3.1. LOPCOW Yoéntemi Bulgular

2014 ile 2023 yillar1 arasinda sirketlere ait 7 adet (aktif devir hizi, cari oran, likit oran, aktif karlilik,
net kar, 6zsermaye karlilik, finansman orani) kriterin 6nem agirlik dereceleri tespit edilmistir.

LOPCOW yontemi negatif verilerle islem yapilabilen CKKV tekniklerin objektif bir kriter
agirliklandirma yontemidir. Fakat MARCOS yo6ntemi negatif verilerle birlikte kullanilmamaktadir.
Dolayistyla bu iki yontemin birlikte kullanilabilmesi i¢in karar matrisindeki negatif verilerin
doniistiirme islemi yapilarak karar matrisinin yeniden pozitif verilerle olusturulmasi analiz
sonucunun daha saglikli kilmaktadir. Bu dogrultuda Zhang, Wang, Li ve Xu (2014) tarafindan
gelistirilen Z-skoru standartlastirma doniisiimii Formiilii kullanilarak karar matrisindeki negatif
veriler pozitif verilere doniistiiriilmiistiir. S6z konusu Formiiller asagidaki gibidir (Ayg¢in, 2023: 134);

Z Xii— X (22)

L. T ]
lj= O_]_

Ardindan Formiil 23 kullanilarak karar matrisinde yer alan negatif veriler pozitif hale
dontstiiriilmektedir.

r

Z ij = Zij + A ,A > |minzi]-| (23)
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Tablo 4: 2023 Y1l Finansal Oranlar ile Ortalama ve Standart Sapmalarin Hesaplanmasi

Kriter Yonleri max max max max max max max

ADH CO LO AK NK OK FO
ACSEL 1,147 1,075 0,557 0,064 0,080 0,099 1,773
ALMAD 0,417 30,000 29,992 -0,036 -0,118 -0,038 18,968
BURVA 1,795 1,329 0,955 0,023 0,019 0,069 0,517
DOGUB 0,792 2,169 0,312 -0,087 -0,164 -0,107 4,333
EMKEL 0,752 1,307 0,840 -0,041 -0,082 -0,083 1,003
ERSU 0,367 3,019 1,051 -0,020 -0,095 -0,026 3,490
FMIZP 2,334 4,735 3,476 0,125 0,082 0,163 3,234
LUKSK 0,474 1,342 1,000 0,119 0,354 0,167 2,492
NIBAS 0,155 2,347 2,072 0,068 0,632 0,080 5,388
PRZMA 0,305 1,863 0,487 0,138 0,644 0,183 3,071
SAMAT 0,963 0,772 0,232 0,012 0,020 0,019 2,021
SELGD 0,603 2,303 1,323 0,280 0,624 0,371 3,089
YAPRK 0,673 2,030 1,531 0,285 0,590 0,373 3,229
Ortalama - - - 0,0714 0,1989 0,0977 -
Standart Sapma - - - 0,1163 0,3206 0,1534 -

Tablo 4’deki negatif degerler Formiil 22 kullanilarak hesaplanmis ve Tablo 5’te verilmistir.

Tablo 5: 2023 Yih Diizeltilmis Kriter Degerlerinin Hesaplanmasi

Kriter Yonleri max max max

AK NK OK

Zij Zij Zij

ACSEL -0,068 -0,370 0,011
ALMAD -0,922 -0,988 -0,882
BURVA -0,413 -0,563 -0,189
DOGUB -1,365 -1,133 -1,337
EMKEL -0,971 -0,876 -1,176
ERSU -0,788 -0,916 -0,806
FMIZP 0,457 -0,365 0,427
LUKSK 0,410 0,483 0,452
NIBAS -0,034 1,352 -0,115
PRZMA 0,572 1,389 0,555
SAMAT -0,507 -0,558 -0,515
SELGD 1,794 1,325 1,781
YAPRK 1,834 1,220 1,795

Tablo 5’te yer alan 2023 yilina ait negatif kriter degerleri Formiil 23 aracilifiyla pozitif
degerlere doniistiiriilerek hesaplanmistir. Elde edilen pozitif degerler Tablo 6’da verilmistir.
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Tablo 6: 2023 Yili Negatif Degerlerinin Pozitif Degerlere Doniistiiriilmesi

Kriter Yonleri max max max
AK NK OK

Zij Zij Zij

ACSEL 1,312 0,770 1,361
ALMAD 0,458 0,152 0,468
BURVA 0,967 0,577 1,161
DOGUB 0,015 0,007 0,013
EMKEL 0,409 0,264 0,174
ERSU 0,592 0,224 0,544
FMIZP 1,837 0,775 1,777
LUKSK 1,790 1,623 1,802
NIBAS 1,346 2,492 1,235
PRZMA 1,952 2,529 1,905
SAMAT 0,873 0,582 0,835
SELGD 3,174 2,465 3,131
YAPRK 3,214 2,360 3,145

Formiil 1 kullanilarak LOPCOW yonteminin ilk adimi1 olan karar matrisi elde edilmis ve
Tablo 7°de sunulmustur.

Tablo 7: 2023 Yih Baslangi¢c Karar Matrisi

Kriter Yonleri max max max max max max max

ADH CO LO AK NK OK FO
ACSEL 1,147 1,075 0,557 1,312 0,770 1,361 1,773
ALMAD 0,417 30,000 29,992 0,458 0,152 0,468 18,968
BURVA 1,795 1,329 0,955 0,967 0,577 1,161 0,517
DOGUB 0,792 2,169 0,312 0,015 0,007 0,013 4,333
EMKEL 0,752 1,307 0,840 0,409 0,264 0,174 1,003
ERSU 0,367 3,019 1,051 0,592 0,224 0,544 3,490
FMIZP 2,334 4,735 3,476 1,837 0,775 1,777 3,234
LUKSK 0,474 1,342 1,000 1,790 1,623 1,802 2,492
NIBAS 0,155 2,347 2,072 1,346 2,492 1,235 5,388
PRZMA 0,305 1,863 0,487 1,952 2,529 1,905 3,071
SAMAT 0,963 0,772 0,232 0,873 0,582 0,835 2,021
SELGD 0,603 2,303 1,323 3,174 2,465 3,131 3,089
YAPRK 0,673 2,030 1,531 3,214 2,360 3,145 3,229

Kullanilan tiim degerlendirme kriterleri maxsimum (fayda) yonlii oldugu i¢in Formiil 3
kullanilarak normalize karar matrisi olusturulmus olup Tablo 8’de gdsterilmistir.
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Tablo 8: 2023 Yili Normalize Karar Matrisi

Isletme /Kriter ADH (6[0) LO AK NK OK FO
ACSEL 0,4551 0,0103 0,0109 0,4055 0,3023 0,4306 0,0681
ALMAD 0,1203 1,0000 1,0000 0,1384 0,0573 0,1452 1,0000
BURVA 0,7528 0,0191 0,0243 0,2976 0,2262 0,3667 0,0000
DOGUB 0,2922 0,0478 0,0027 0,0000 0,0000 0,0000 0,2068
EMKEL 0,2738 0,0183 0,0204 0,1232 0,1020 0,0514 0,0263
ERSU 0,0972 0,0769 0,0275 0,1802 0,0862 0,1695 0,1611
FMIZP 1,0000 0,1356 0,1090 0,5695 0,3046 0,5633 0,1472
LUKSK 0,1464 0,0195 0,0258 0,5548 0,6407 0,5712 0,1070
NIBAS 0,0000 0,0539 0,0618 0,4161 0,9852 0,3903 0,2640
PRZMA 0,0689 0,0373 0,0086 0,6054 1,0000 0,6043 0,1384
SAMAT 0,3709 0,0000 0,0000 0,2681 0,2280 0,2624 0,0815
SELGD 0,2057 0,0524 0,0367 0,9875 0,9744 0,9956 0,1394
YAPRK 0,2380 0,0430 0,0437 1,0000 0,9328 1,0000 0,1470

Formiil 5 kullanilarak Pvij degeri ve Formiil 6 kullanilarak kriterlerin 6nem agirlik dereceleri (wj)
elde edilmis olup Tablo 9’da verilmistir.

Tablo 9: 2023 Y1l Pvij, PV ve Wj Degerlerinin Hesaplanmasi

Isletme ADH CcO LO AK NK OK FO
/Kriter

ACSEL 0,2071 0,0001 0,0001 0,1644 0,0914 0,1854 0,0046
ALMAD 0,0145 1,0000 1,0000 0,0192 0,0033 0,0211 1,0000
BURVA 0,5667 0,0004 0,0006 0,0886 0,0512 0,1345 0,0000
DOGUB 0,0854 0,0023 0,0000 0,0000 0,0000 0,0000 0,0428
EMKEL 0,0750 0,0003 0,0004 0,0152 0,0104 0,0026 0,0007
ERSU 0,0095 0,0059 0,0008 0,0325 0,0074 0,0287 0,0260
FMIZP 1,0000 0,0184 0,0119 0,3244 0,0928 0,3173 0,0217
LUKSK 0,0214 0,0004 0,0007 0,3078 0,4105 0,3263 0,0115
NIBAS 0,0000 0,0029 0,0038 0,1732 0,9707 0,1524 0,0697
PRZMA 0,0047 0,0014 0,0001 0,3665 1,0000 0,3652 0,0192
SAMAT 0,1376 0,0000 0,0000 0,0719 0,0520 0,0689 0,0066
SELGD 0,0423 0,0027 0,0013 0,9752 0,9494 0,9912 0,0194
YAPRK 0,0566 0,0019 0,0019 1,0000 0,8701 1,0000 0,0216
PV 37,0617 5,3195 3,6343 51,2375 39,5831 49,8631 20,1022
wj 0,1792 0,0257 0,0176 0,2478 0,1914 0,2411 0,0972

2014-2023 yillar arasinda her bir y1l igin kriterlerin 6nem agirlik derecelerinin (wj) tespitinde ayni
adimlar izlenmistir. Adim ve yil sayisinin fazla olmasi ayn: zamanda sayfa sayisinin kisitli olmasi
sebebiyle tiim yillarin elde edilen wj degerleri tek bir tablo olarak Tablo 10°da sunulmustur.
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Tablo 10: 2014-2023 Yillar1 Kriterlerin Onem Agirlik Dereceleri

Wi ADH CO LO AK NK OK FO
2014 0,1996 0,0107 0,0095 0,1193 0,3540 0,2963 0,0106
2015 0,1654 0,0659 0,0618 0,1295 0,3656 0,1590 0,0528
2016 0,1485 0,0827 0,0847 0,0814 0,3276 0,1943 0,0809
2017 0,1189 0,0882 0,0651 0,0641 0,2719 0,3106 0,0813
2018 0,0937 0,0581 0,0367 0,1948 0,2366 0,3144 0,0656
2019 0,0923 0,0909 0,0662 0,1448 0,1917 0,3043 0,1099
2020 0,2060 0,1144 0,1052 0,1709 0,0255 0,2028 0,1751
2021 0,2118 0,0990 0,0813 0,1512 0,0609 0,2662 0,1296
2022 0,1024 0,0865 0,0517 0,1821 0,2665 0,1882 0,1226
2023 0,1792 0,0257 0,0176 0,2478 0,1914 0,2411 0,0972

Tablo 10 incelendiginde 2014, 2015, 2016 ve 2022 yillar1 i¢in Net Kar kriteri, 2017, 2018, 2019 ve
2021 yillart i¢in Ozsermaye Karlilik kriteri, 2020 yil1 i¢in Aktif Devir Hizi kriteri, 2023 yil1 igin ise
Aktif Karlilik kriteri en &nemli kriterler olarak tespit edilmistir. Onem derecesi en diisiik kriterler ise;
2014, 2018, 2019, 2022 ve 2023 yillarinda Likit Oran kriteri, 2015 ve 2016 yillarinda Finansman
Orani Kriteri, 2017 yilinda Aktif Karlilik kriteri, 2020 ve 2021 yillarinda ise Net Karlilik kriteri
oldugu belirlenmistir.

3.3.3. MARCOS Yontemi Bulgular

LOPCOW analiz yontemi aracilifiyla elde edilen kriterlerin dnem agirlik dereceleri kullanilarak
MARCOS yo6ntemi ile 2014-2023 yillar arasinda sirketlerin finansal performans basar1 siralamalari
belirlenmistir.

Z-skor degeri ile LOPCOW yonteminde elde edilen karar matrisi MARCOS yonteminde de
kullanmilmistir. Formiil 8 kullanilarak AAI ve Al degerleri karar matrisine eklenmistir. Tiim kriterler
maxsimum (fayda) yonlii oldugu i¢in Formiil 9 ile AAI ve Al degerleri hesaplanmis olup Tablo 11°de
sunulmustur.

Tablo 11: 2023 Yili Karar Matrisi

Kriter Yonleri max max max max max max max

ADH CO LO AK NK OK FO
ACSEL 1,147 1,075 0,557 1,312 0,770 1,361 1,773
ALMAD 0,417 30,000 29,992 0,458 0,152 0,468 18,968
BURVA 1,795 1,329 0,955 0,967 0,577 1,161 0,517
DOGUB 0,792 2,169 0,312 0,015 0,007 0,013 4,333
EMKEL 0,752 1,307 0,840 0,409 0,264 0,174 1,003
ERSU 0,367 3,019 1,051 0,592 0,224 0,544 3,490
FMIZP 2,334 4,735 3,476 1,837 0,775 1,777 3,234
LUKSK 0,474 1,342 1,000 1,790 1,623 1,802 2,492
NIBAS 0,155 2,347 2,072 1,346 2,492 1,235 5,388
PRZMA 0,305 1,863 0,487 1,952 2,529 1,905 3,071
SAMAT 0,963 0,772 0,232 0,873 0,582 0,835 2,021
SELGD 0,603 2,303 1,323 3,174 2,465 3,131 3,089
YAPRK 0,673 2,030 1,531 3,214 2,360 3,145 3,229
AAI 0,155 0,772 0,232 0,015 0,007 0,013 0,517
Al 2,334 30,000 29,992 3,214 2,529 3,145 18,968
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LOPCOW yonteminde Formiil 6 kullanilarak elde edilen wj degeri MARCOS yonteminde
kullanilmistir. Formiil 11 kullanilarak [0,1] araliginda deger alacak sekilde karar matrisinde yer
alan kriterler standartlagtirilmistir. Ayrica tiim kriterler maxsimum (fayda) yonlii oldugu i¢in Formiil
12 kullanilarak normalize genisletilmis karar matrisi elde edilmis ve Tablo 12’de gosterilmistir.

Tablo 12: 2023 Yii Normalize Genisletilmis Karar Matrisi ve Wj Degeri

Isletme ADH Cco LO AK NK OK FO
/Kriter

ACSEL 0,4912 0,0358 0,0186 0,4083 0,3042 0,4330 0,0935
ALMAD 0,1787 1,0000 1,0000 0,1424 0,0599 0,1487 1,0000
BURVA 0,7692 0,0443 0,0318 0,3009 0,2283 0,3693 0,0273
DOGUB 0,3392 0,0723 0,0104 0,0047 0,0027 0,0041 0,2284
EMKEL 0,3220 0,0436 0,0280 0,1273 0,1044 0,0553 0,0529
ERSU 0,1571 0,1006 0,0350 0,1841 0,0887 0,1729 0,1840
FMIZP 1,0000 0,1578 0,1159 0,5715 0,3064 0,5650 0,1705
LUKSK 0,2030 0,0447 0,0334 0,5569 0,6417 0,5730 0,1314
NIBAS 0,0664 0,0782 0,0691 0,4189 0,9853 0,3928 0,2841
PRZMA 0,1307 0,0621 0,0162 0,6073 1,0000 0,6060 0,1619
SAMAT 0,4127 0,0257 0,0077 0,2715 0,2301 0,2655 0,1066
SELGD 0,2584 0,0768 0,0441 0,9876 0,9745 0,9956 0,1628
YAPRK 0,2885 0,0677 0,0510 1,0000 0,9330 1,0000 0,1703
AAI 0,0664 0,0257 0,0077 0,0047 0,0027 0,0041 0,0273
Al 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
Wi 0,1792 0,0257 0,0176 0,2478 0,1914 0,2411 0,0972

Formiil 14 kullanilarak alternatiflerin fayda dereceleri hesaplanmis olup Tablo 13’te yer

verilmistir.

Tablo 13: 2023 Y1l Alternatiflerin Fayda derecelerinin Hesaplanmasi

Isletme /Kriter ADH CO LO AK NK OK FO
ACSEL 0,0880 0,0009  0,0003 0,1012  0,0582  0,1044 0,0091
ALMAD 0,0320 0,0257  0,0176 0,0353  0,0115  0,0359 0,0972
BURVA 0,1378 0,0011  0,0006 0,0745  0,0437  0,0890 0,0027
DOGUB 0,0608 0,0019  0,0002 0,0012  0,0005  0,0010 0,0222
EMKEL 0,0577 0,0011  0,0005 0,0315  0,0200  0,0133  0,0051
ERSU 0,0282 0,0026  0,0006 0,0456  0,0170  0,0417 0,0179
FMIZP 0,1792 0,0041  0,0020 0,1416  0,0587  0,1362 0,0166
LUKSK 0,0364 0,0012  0,0006 0,1380  0,1228  0,1381 0,0128
NIBAS 0,0119 0,0020  0,0012 0,1038  0,1886  0,0947 0,0276
PRZMA 0,0234 0,0016  0,0003 0,1505  0,1914  0,1461 0,0157
SAMAT 0,0740  0,0007  0,0001 0,0673  0,0440  0,0640 0,0104
SELGD 0,0463  0,0020  0,0008 0,2447  0,1865  0,2401 0,0158
YAPRK 0,0517 0,0017  0,0009 0,2478  0,1786  0,2411  0,0166
AAI 0,0119 0,0007  0,0001 0,0012  0,0005  0,0010 0,0027
Al 0,0880  0,0009  0,0003 0,1012  0,0582  0,1044  0,0091

Formiil 16 ile ki+ degeri, Formiil 17 kullanilarak ki- , Formiil 18 araciligtyla si, Formiil 19
yardimiyla f(ki), Formiil 20 ile f(ki+), Formiil 21 kullanilarak ise f(ki-) degerleri
hesaplanmugtir. 2023 yilina ait sirketlerin performans siralamalar1 Tablo 14’te verilmistir.
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Tablo 14: 2023 Yih Sirketlerin Siralamasi

si ki+ ki- f(ki+) f(ki-) f(ki)  siralama
ACSEL 0,3622 0,3622 20,1142 0,9823 0,0177 0,3620 7
ALMAD 0,2551 0,2551 14,1700 0,9823 0,0177 0,2550 10
BURVA 0,3495 0,3495 19,4104 0,9823 0,0177 0,3494 8
DOGUB 0,0877 0,0877 4,8707 0,9823 0,0177 0,0877 13
EMKEL 0,1293 0,1293 7,1831 0,9823 0,0177 0,1293 12
ERSU 0,1535 0,1535 8,5265 0,9823 0,0177 0,1535 11
FMIZP 0,5384 0,5384 29,9023 0,9823 0,0177 0,5382 3
LUKSK 0,4498 0,4498 24,9846 0,9823 0,0177 0,4497 5
NIBAS 0,4298 0,4298 23,8719 0,9823 0,0177 0,4297 6
PRZMA 0,5290 0,5290 29,3816 0,9823 0,0177 0,5288 4
SAMAT 0,2604 0,2604 14,4649 0,9823 0,0177 0,2604 9
SELGD 0,7361 0,7361 40,8860 0,9823 0,0177 0,7359 2
YAPRK 0,7383 0,7383 41,0084 0,9823 0,0177 0,7381 1
AAI 0,0180
Al 1,0000

2014-2023 yillart arasinda her bir yil igin finansal performans basari siralamasi tespitinde ayni
adimlar izlenmistir. Adim ve yil sayisinin fazla olmasi ayn: zamanda sayfa sayisinin kisitli olmasi
sebebiyle tiim yillarin elde edilen finansal performans basari siralamalari tek bir tablo olarak Tablo
15°te yer verilmistir.

Tablo 15: 2014-2023 Yillar1 Arasinda Sirketlerin Finansal Performans Basar: Siralamasi

Isletme 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
/Kriter

ACSEL 4 2 2 2 2 2 2 3 4 7
ALMAD 10 12 11 12 13 3 4 2 11 10
BURVA 12 8 8 4 3 10 5 9 5 8
DOGUB 13 13 13 13 12 12 13 10 12 13
EMKEL 7 9 6 10 11 11 12 8 10 12
ERSU 11 11 7 7 8 8 10 12 13 11
FMIZP 1 1 1 1 1 1 1 1 2 3
LUKSK 6 10 3 8 9 7 9 7 9 5
NIBAS 3 7 12 11 10 6 11 6 8 6
PRZMA 2 3 4 3 4 5 6 11 6 4
SAMAT 5 6 9 9 7 13 7 13 7 9
SELGD 9 5 10 5 6 4 3 4 1 2
YAPRK 8 4 5 6 5 9 8 5 3 1

Tablo 15’te MARCOS Analizi sonuglarina gore 2014, 2015, 2016, 2017, 2018, 2019, 2020 ve 2021
yillarinda FMIZP sirketi, 2022 yilinda SELGD sirketi, 2023 yilinda ise YAPRK finansal performans
acisindan en basarili sirketler olarak tespit edilmistir. 2014, 2015, 2016, 2017, 2020 ve 2023
yillarinda DOGUB, 2018 yilinda ise ALMAD sirketi, 2019 ve 2021 yilinda SAMAT, 2022 yilinda
ise ERSU sirketi finansal performans agisindan en basarisiz sirketler olarak belirlenmistir.

4. Duyarhhk Analizi

Caligmanin bu boélimiinde LOPCOW ve MARCOS yontemleri kullanilarak elde edilen finansal
performans basari siralamasinin karsilastirilabilmesi amaciyla kriterlere esit agirlik verilerek test
edilmistir. Asagidaki Formiil kullanilarak Ersoy (2018) kriterlere esit agirlik verilmistir.
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wy == (24)

Formiil 24°te yer alan n degeri kriter sayisin1 gostermektedir. Yapilan ¢aligmanin karar matrisinde 7
adet (aktif devir hizi, cari oran, likit oran, aktif karlilik, net karlilik, 6zsermaye karlilik ve finansman
orant) degerlendirme kriteri bulundugundan her bir kriterin agirligi (1/7 = 0,1428) olarak bulunmustur.
Elde edilen esit agirliklandirma yontemi kullanilarak sirketlerin finansal performans basari siralamalart
hesaplanarak Tablo 16°da sunulmustur. LOPCOW yontemi kriter agirliklandirma kullanilarak elde
edilen finansal performans basar1 siralamalari karsilagtirmali sunulmustur.

Tablo 16: Esit Agirhklandirma ile Elde Edilen 2014-2023 Yillar1 Finansal Performans
Siralamasi

Isletme 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
/Kriter

ACSEL 4 3 2 3 2 2 3 4 4 8
ALMAD 11 12 11 10 11 7 4 1 3 1
BURVA 12 8 9 5 4 10 6 10 7 9
DOGUB 13 13 13 13 13 12 13 8 12 13
EMKEL 9 10 6 11 12 11 12 9 11 12
ERSU 10 11 7 7 8 8 10 12 13 11
FMIZP 2 1 1 1 1 1 1 2 2 4
LUKSK 6 9 4 8 9 6 8 7 10 7
NIBAS 3 6 12 12 10 5 11 5 6 6
PRZMA 1 2 3 2 3 4 5 11 9 5
SAMAT 5 7 10 9 7 13 7 13 8 10
SELGD 8 5 8 4 5 3 2 1 3
YAPRK 7 4 5 6 6 9 9 6 5 2

Tablo 16 incelendiginde yapilan duyarlilik analizi sonucuna gore 2014 yilinda PRZMA sirketi, 2015,
2016, 2017, 2018, 2019 ve 2020 yillarinda FMIZP sirketi, 2021 ve 2023 yillarinda ALMAD sirketi,
2022 yilinda ise SELGD finansal performans agisindan en basarili sirketler olarak tespit edilmistir.

Tablo 17: 2014-2023 Yillar1 Analiz Karsilastirmasi

LOPCOW - MARCOS Esit Agrhik- MARCOS
. +T ;N o N ® & S = & + W © - ® & S = a &
Isletme = =z 2 3 2 3 2 8 & & 2 2 2 3 2 3 8 8 & S
/Kriter (o] (o} (o] (o] (o] (o] (o] (o] (o] (3] (o] (o] (o] (3] (o] (o] (o] (o] N (o]
ACSEL 4 2 2 2 2 2 2 3 4 7 4 3 2 3 2 2 3 4 4 8
ALMAD 10 12 11 12 13 3 4 2 11 10 11 12 11 100 11 7 4 1 3 1
BURVA 12 8 8 4 3 10 5 9 5 8 2 8 9 5 4 10 6 10 7 9
bDoGuB 13 13 13 13 12 12 13 10 12 13 13 13 13 13 13 12 13 8 12 13
EMKEL 7 9 6 10 11 11 12 § 10 12 9 10 6 11 12 11 12 9 11 12
ERSU 11 11 7 7 & 8 10 12 13 11 10 11 7 7 8 8 10 12 13 11
FMIZP 1 1 1 1 1 1 1 1 2 3 2 1 1 1 1 1 1 2 2 4
LUKSK 6 10 3 8 9 7 9 7 9 5 6 9 4 8 9 6 8 7 10 7
NIBAS 37 12 11 10 6 11 6 8 6 3 6 12 12 10 5 11 5 6 6
PRZMA 2 3 4 3 4 5 6 11 6 4 1 2 3 2 3 4 5 11 9 5
SAMAT s 6 9 9 7 13 7 13 7 9 5 7 10 9 7 13 7 13 8 10
SELGD 9 5 10 5 6 4 3 4 1 2 8§ 5 8 4 5 3 2 3 1 3
YAPRK &8 4 5 6 5 9 8 5 3 1 7 4 5 6 6 9 9 6 5 2

Tablo 17 incelendiginde hem LOPCOW kriter agirliklandirmast ile hem de kriterlerin esit
agirliklandirmasi ile yapilan MARCOS Analizi sonuglarina gore sirketlerin finansal performansta en
basarili olduklari yil ile en basarisiz olduklari yillar hemen hemen benzer sonuglar gostermistir.
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2014-2023 yillar arasinda sirketlerin hisse senedi getirilerinin hesaplanmasinda Corton ve Hofer
(2006)’in gelistirdikleri Formiil kullanilmistir. Bu Formiil;

Hisse Senedinin Cari Fiyati—Onceki Dénem Baz Fiyati (25)

Onceki Dénem Baz Fiyati

Sirketlerin hisse senedi getirilerini hesaplamak igin Is yatirrm veri tabanindan elde edilen hisse
kapanis fiyatlarindan faydalanilarak Formiil 25 kullanilarak hesaplanmig ve Tablo 18’de verilmistir.

Tablo 18: 2014-2023 Yillar1 Arasinda Hisse Senedi Getiri Siralamasi

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

ACSEL 0,79 030 -037 -0,13 026 099 1,71 005 331 0,38
ALMAD 0,04 -0,15 022 041 -063 -007 434 -004 308 0,19
BURVA 006 -025 0,13 022 -0,15 556 411 -0,53 077 0,74
DOGUB -0,02 0,79 -043 045 0,65 -004 1,11 0,13 150 039
EMKEL 021 -0,06 -0,10 046 -038 062 272 -0,15 1,18 1,86
ERSU LI9 -029 -0,11 060 -030 125 139 025 001 0,84
FMIZP 041 0,01 -002 006 038 224 1,62 -007 080 0,39
LUKSK 0,71 -0,30 045 021 003 078 234 076 083 -031
NIBAS 0,00 -0,09 022 024 326 055 739 -0,71 0,09 0,02
PRZMA  -0,54 -020 122 -030 -0,04 1,77 027 -035 135 0,67
SAMAT -020 -029 005 006 -007 079 578 -055 390 1,10
SELGD 021 002 -027 -007 076 029 3,62 -0,16 0,64 2,05
YAPRK 022 -030 -030 056 014 125 1057 -0,19 064 3739

Tablo 16°da 2014-2023 yillar1 arasinda sirketlerin hesaplanan hisse senedi getirileri yer almaktadir.
Tablo 16’da goriildiigii lizere bazi sirketlerin hisse senedi getirilerinin negatif oldugu belirlenmistir.
Bu dogrultuda (Isik, 2019; Akbulut, 2020; Aydin, 2020; Akbulut ve Hepsen (2021) yorumlama
kisminda kolaylik saglamasi agisindan hisse senedi getirileri veri setine 1 ilave edilerek pozitif hale
getirilmis ve Tablo 17’de sunulmustur. Ardindan genel bir siralama elde edebilmek a¢isindan Tablo
15°teki finansal performans skor degerleri ile Tablo 17°deki pozitif degere doniistiiriilen hisse senedi
getiri siralamalarinin geometrik ortalamalart alinmistir.

Tablo 19: 2014-2023 Yillar1 Arasinda Pozitif Degere Doniistiiriilen Hisse Senedi Getiri
Siralamasi

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

ACSEL 1,79 130 0,63 087 126 199 271 1,05 431 138
ALMAD 1,04 085 122 141 037 093 534 096 408 1,19
BURVA 1,06 0,75 1,13 122 085 656 511 047 1,77 1,74
DOGUB 098 1,79 0,57 145 1,65 096 211 113 250 139
EMKEL 121 094 090 146 062 1,62 372 085 218 2,86
ERSU 2,19 071 08 160 070 225 239 125 1,01 1,84
FMIZP 141 1,00 098 1,06 138 324 262 093 18 1,39
LUKSK 1,71 0,70 145 121 1,03 1,78 334 1,76 1,83 0,69
NIBAS 1,00 091 122 124 426 155 839 029 1,09 1,02
PRZMA 046 080 222 070 096 277 127 0,65 235 1,67
SAMAT 0,80 0,71 1,05 1,06 093 1,79 6,78 045 490 2,10
SELGD 121 1,03 073 093 1,76 129 462 084 1,64 3,05
YAPRK 122 070 070 1,56 1,04 225 11,57 081 1,64 439
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Tablo 20: Finansal Performans ve Hisse Senedi Getiri Siralamalarimin Geometrik Ortalamasi
ve Siralamalan

Finansal Performans Hisse Senedi Getirisi
Geometrik Siralama Geometrik Siralama
Ortalama Ortalama

ACSEL 0,542 2 1,4902 2
ALMAD 0,331 9 1,2912 12
BURVA 0,362 7 1,4633 3
DOGUB 0,128 13 1,3425 11
EMKEL 0,280 12 1,4042 7
ERSU 0,290 11 1,3453 10
FMIZP 0,816 1 1,4481 4
LUKSK 0,398 6 1,3984 8
NIBAS 0,340 8 1,3760 9
PRZMA 0,440 5 1,1715 13
SAMAT 0,292 10 1,4177 6
SELGD 0,515 3 1,4370 5
YAPRK 0,445 4 1,6601 1

Tablo 18’de geometrik ortalamalari alinan finansal performans skor degerleri ile sirketlerin hisse
senedi getirileri arasinda anlamli iligkinin olup olmadigini incelemek i¢in Spearman’s Korelasyon
Analizi SPSS.22 istatistik programi araciligiyla yapilmis ve sonu¢ Tablo 19’da sunulmustur.
Spearman’s sira korelasyon katsayisi, iki degisken arasindaki iligkinin giiciiniin bir 6l¢iisii olarak
Onerilen parametrik olmayan (dagilimsiz) bir sira istatistigi olarak bilinmektedir (Hauke ve
Kossowski, 2011: 89). Bu dogrultuda bizim kullandigimiz degiskenler sira diizeyinde olgiilen
degiskenler oldugu Spearman’s Korelasyon Analizi kullamilmistir. Akbulut (2020) iki farkl
siralamadan olusan seriler arasinda herhangi bir anlam diizeyinde iliski olup olmadigini arastirmak
i¢in Spearman sira korelasyon analizini kullanmistir.

Tablo 21: Finansal Performans ve Hisse Senedi Getirileri Arasindaki Korelasyon Analizi
Sonucu

Korelasyon Katsayisi ,555%*
Anlamlilik Diizeyi (iki Yénlii) ,049
Gozlem Sayisi (N) 13

*Korelasyon, %5 anlamhhk diizeyinde (iki yonlii)
istatistiksel olarak anlamhdir

Tablo 19’daki korelasyon analizi sonucu incelendiginde MARCOS yontemiyle hesaplanan finansal
performans skor degerleri ile hisse senedi getirileri arasinda 0.05 (p=0,049) seviyesinde istatistiksel
olarak anlamli iligski bulunmustur. Spearman’s Korelasyon katsayis1 0,555 olarak elde edilmistir. Tki
seri igin hesaplanan bu korelasyon katsayis1 ve p degerinin (0,049) %5’ten kiigiik olmas1 bu iki
degiskenin %5 6nem diizeyinde anlamli iliskisi oldugunu ortaya koymustur. Analiz sonucuna gore
s0z konusu sirketlerin finansal performans basarilarinin artmasiyla hisse senedi getirilerinin de
artabilecegi soylenebilir.

5. SONUC
Giliniimiiz ekonomisinde firmalar faaliyetlerini etkin bir sekilde gerceklestirerek, istikrarli bir
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biliyiime ayni zamanda minimum maliyet ile maksimum kar elde etmeyi hedeflemektedirler.
Rekabetin yogun yasandig1 giiniimiiz is diinyasinda firmalar, rakiplerine kars1 rekabet avantaji elde
ederek hem yerli hem de yabanci yatirimcilarin ilgi odagi haline gelmek isterler. Bu durumda
firmalarin finansal performans analizi hem firma yoneticileri hem de paydaslari agisindan 6nem arz
etmektedir. Finansal performans analizleri sonucunda firmalar mevcut durumlarini tespit
edebilmekte, yatirimcilar ve kredi verenler ise daha bilingli ve saglikli kararlar alabilmektedirler.

Bu calisma ile iilkemizde faaliyet gosteren diger isletmelere gore sayica fazla ve iilke ekonomisine
onemli katkis1 olan KOBI isletmelerinden BIST KOBI Sanayi Endeksinde islem géren sirketlerin
LOPCOW ve MARCOS yontemleri ile finansal performanslarimin tespit edilmesi ardindan da elde
edilen finansal performans skor degerleri ile hisse senedi getirileri arasinda anlaml iligkinin olup
olmadiginin ortaya konulmasi amaglanmistir. Bylece hem KOBI Sanayi Endeksindeki sirketlerin
belirlenen kriterler ve ele alinan zaman periyodunda finansal performans bagar1 siralamasi tespit
edilebilmekte hem de tasarruf sahiplerinin yatirim karari alirken sirketlerin finansal performans
basarisini dikkate alip almadiklari ortaya konulmaktadir.

Yapilan analizlerden LOPCOW Analiz sonuglarina gore; 2014, 2015, 2016 ve 2022 yillar igin Net
Kar kriteri, 2017, 2018, 2019 ve 2021 yillar1 igin Ozsermaye Karlilik kriteri, 2020 yil1 icin Aktif
Devir Hiz1 kriteri, 2023 yil1 i¢in ise Aktif Karlilik kriteri en 6nemli kriterler olarak tespit edilmistir.
Net Kar igletmelerin toplam gelirlerinden vergilerde dahil toplam giderlerinin diisiilmesi sonucunda
igletmelerin elde etmis olduklari tutar olarak ifade edilmektedir. Net Kér isletmeler i¢in fayda yonlii
bir kriterdir. Taggr (2024) caligmasinda ve Isik (2019) arastirmasinda 2017 yilinda finansal
performans tespitinde en onemli kriterin Net Kar kriteri oldugunu tespit etmistir. Aktif karlilik bir
igletmenin toplam varliklar1 {izerinden elde etmis oldugu kérin tespit edilmesinde kullanilan fayda
yonlii bir orandir. Altan ve Yildirim (2019) calismasinda en 6nemli kriteri aktif karlilik olarak elde
etmistir. Ozsermaye karlilik fayda yénlii bir oran olup sirketin kdrim1 6zsermaye oranla ne kadar
diizeyde artirdigini tespit etmek i¢in kullanilmaktadir. Akbulut ve Hepsen (2021) ¢alismasinda 2017
yilinda, Aydi (2020) ve Bektas (2023) en onemli kriter olarak Ozsermaye Karlilik kriteri oldugunu
belirlemislerdir. Aktif devir hizi isletmeler i¢in fayda yonlii bir oran olup aktiflerinin satiglara
doniisme hizinin belirlenmesinde kullanilmaktadir. Sahin ve Sar1 (2019) ¢aligmasinda 2013 ve 2016
yilinda ve Sezgin, Aytekin ve Sakarya (2024) arastirmasinda en dnemli kriterin aktif devir hiz1 kriteri
oldugunu tespit etmistir. S6z konusu yillar itibariyle sirketlerin finansal performans basarilarini
artirabilmelerinde en 6nemli kriter olarak tespit edilen degerlendirme kriterlerine 6nem verip bu
yonde iyilestirme saglayabilmeleri sirketlerin bu yillar igerisindeki finansal performans basarilarini
artirmalaria yardimci olabilecegini sdyleyebiliriz. MARCOS Analizi sonuglarina gére 2014, 2015,
2016, 2017, 2018, 2019, 2020 ve 2021 yillarinda FMIZP sirketi, 2022 yilinda SELGD sirketi, 2023
yilinda ise YAPRK finansal performans agisindan en basaril: sirketler olarak tespit edilmistir. 2014,
2015, 2016, 2017, 2020 ve 2023 yillarinda DOGUB, 2018 yilinda ise ALMAD sirketi, 2019 ve 2021
yilinda SAMAT, 2022 yilinda ise ERSU sirketi finansal performans agisindan en basarisiz sirketler
olarak belirlenmistir.

Arastirmada CKKYV tekniklerinden MARCOS yontemi araciligiyla elde edilen finansal performans
skor degerleri ile hisse senedi getirileri siralamalarinin geometrik ortalamalari alinarak hem finansal
performans skor degerleri hem de hisse senedi getiri siralamalart igin genel bir siralama elde
edilmistir. Bu dogrultuda elde edilen genel siralama ile finansal performans ile hisse senedi getirisi
arasinda iligkinin olup olmadigini tespit edebilmek igin Spearman’s Korelasyon Analizi yapilmistir.
Yapilan korelasyon analizi sonucuna gére MARCOS yontemi ile elde edilen finansal performans
skor degerleri ile hisse senedi getirileri arasinda %5 onem diizeyinde istatistiksel olarak anlamli
oldugu belirlenmigtir. Bu baglamda, sirketlerin finansal performanslarindaki iyilesmelerin, hisse
senedi getirilerinin artisiyla iliskilendirilebilecegi sdylenebilir. Dolayisiyla, tasarruf sahiplerinin
yatirim kararlarini alirken daha bilingli olarak sirketlerin mali tablolarini incelemeleri, daha verimli
ve etkili sonuglar elde etmelerine olanak taniyabilir. Elde edilen sonug Akbulut (2020), Aydin (2020),
Baydas (2020), Culhaoglu ve Yesildag (2023) literatiirdeki c¢aligmalar ile benzer sonuglar
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gostermigtir. Literatiirde yapilan ¢alismalarin ¢ok az bir kisminda CKKV teknikleri ile elde edilen
finansal performans skor degerleri ile hisse senedi getirileri arasinda istatistiksel olarak anlamli
iligkinin olmasi ¢aligmanin literatiire olan katkisini da artirdig1 diigiiniilmektedir. Elde edilen bu
sonucun genellestirilebilmesi i¢in farkli sektorler, farkli endeksler, farkli yontemler ve farkli zaman
periyodlar1 dikkate alinarak ¢alisma desteklenmelidir. Calismanin sonuglari gelecege iliskin kararlar
alma konusunda KOBI endeksindeki arastirmaya dahil edilen 13 sirketin y&neticilerine ve karar
vericilerine farkli bakis agis1 kazandiracagmi, bunun yani sira tasarruf sahiplerine yatirim karari
alirken faydali bilgiler sunup 151k tutacagi disiiniilmektedir.

Bu galismada birtakim kisitlar bulunmaktadir. Bu kisitlardan bir tanesi, analiz kapsamina alinan
sirketler sadece 7 adet degerlendirme kriteri ¢evresinde degerlendirmistir. Bir diger kisit analiz igin
secilen 2014-2023 yilina ait verilerin kullanilmig olmasi ve son olarak performans kiyaslamasi i¢in
secilen LOPCOW kriter agirliklandirma yontemine dayali MARCOS siralama yodnteminin
kullanilmasi da bir diger smirhilik olarak degerlendirilmektedir. Gelecekte yapilacak olan ve KOBI
Sanayi Endeksinin finansal performansi ile hisse senedi getirileri arasindaki iliskiyi konu alan
calismalarda daha fazla sayida ve daha farkli degerlendirme kriterleri baz alinarak, ayn1 zamanda
daha farkli ve birden fazla CKKV yontemleri kullanilarak ve incelenen donem sayisi artirilarak daha
farkli bulgulara ulasilabilir.
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I¢ Denetcilerin Bakis Agisiyla Kamu I¢ Denetim Standartlarinin
Uygulanabilirliginin Degerlendirilmesi

ilyas YILMAZ!
0Oz
Mesleki standartlar; bilgi, beceri, gérev ve islem gibi bir isin yapilabilmesi i¢in gerekli olan asgari nitelikleri temsil etmektedir. i¢
denetim standartlari, uygulamada temel ilkelerin belirlenerek genel bir ¢ergeve olusturmak ve kurumsal faaliyetlerin gelisimini
desteklemek tizere gerekli kalite olgiitlerinden olugmaktadir. Yonetim ve denetim alaninda son yillarda yaganan gelismelere
paralel olarak Tiirkiye, bu siirece uyum saglamak iizere ¢esitli yapisal diizenlemelerde bulunmustur. Yapilan diizenlemelerden
biri de, kamu kurumlarinda i¢ denetim faaliyetlerine baslanmasidir. Tiirkiye’de kamu kurumlarinda i¢ denetim faaliyetlerine
baslanmastyla birlikte Uluslararasi i¢ Denetim Enstitiisii (IIA) tarafindan belirlenen mesleki uygulama standartlar1 dikkate alinarak
Kamu I¢ Denetim Standartlar olusturulmus olup uluslararasi standartlarda yasanan gelismeler dogrultusunda Kamu I¢ Denetim
Standartlari zaman zaman giincellenmektedir. Bu ¢aligmada kamu kurumlarinda i¢ denetim standartlarinin uygulanma asamasinda
i¢ denetgilerin standartlara yonelik bakis agisini belirlemek tizere istthdam edilen 203 i¢ denet¢iye ulasilarak kamu kurumlarinda
yiiriitiilen i¢ denetim faaliyetlerine yonelik anket yontemi uygulanmustir. Elde edilen sonuglar SPSS ve Stata 17 programi ile analiz
edilmistir. Caligmada kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerinin, kamuda istihdam edilen i¢ denetgiler tarafindan
degerlendirilmesi amaglanmustir. Elde edilen sonuglar kamu kurumlarinda yiiriitiilen i¢ denetim standartlarmin uygulanmasina
yonelik {ist yoneticileri atanarak gelen i¢ denetgiler ile secilerek gelen i¢ denetgiler arasinda farkli degerlendirmelerin oldugunu
gostermistir.

Anahtar Sézciikler: Denetim, i¢ Denetim, Kamu Sektdriinde ¢ Denetim Standartlari, Meslek Mensuplari.

JEL Kodlari: M40, M41, M42, M48.

Assessment Of The Applicability Of Public Internal Audit Standards From The Perspective Of
Internal Auditors

Abstract

Professional standards represent the minimum qualifications required to perform a job, such as knowledge, skills, tasks and
procedures. Internal audit standards consist of the quality criteria necessary to establish a general framework by determining
the basic principles in practice and to support the development of organizational activities. In parallel with the developments
in the field of management and auditing in recent years, Tiirkiye has made various structural arrangements to adapt to this
process. One of these arrangements is the introduction of internal audit activities in public institutions. With the introduction
of internal audit activities in public institutions in Tirkiye, Public Internal Audit Standards were established by taking into
account the professional practice standards set by the International Institute of Internal Auditors (IIA) and Public Internal
Audit Standards are updated from time to time in line with the developments in international standards. In this study, in order
to determine the perspective of internal auditors towards the standards during the implementation of internal audit standards
in public institutions, 203 internal auditors employed in public institutions were reached and a questionnaire method was
applied for internal audit activities carried out in public institutions. The results obtained were analyzed with SPSS and Stata
17 program. This study aims to evaluate the internal audit activities carried out in public organizations by internal auditors
employed in the public sector. The obtained results showed that there are different evaluations between the internal auditors
appointed by the top managers and the internal auditors selected by the top managers regarding the implementation of internal
audit standards carried out in public institutions.

Keywords: Audit, Internal Audit, Internal Audit Standards in Public Sector, Professionals.

JEL Codes: M40, M41, M42, M48.

* Sorumlu Yazar (Corresponding Author): ilyas YILMAZ, (Ogr. Gér. Dr.), Bingdl Universitesi, Sosyal Bilimler Meslek Yiiksekokulu, Finans Bankaalik ve
Sigortaalik Boliimii Ogretim Eleman, Bingdl/ Tiirkiye, ilyasyilmaz23@outlook.com, ORCID ID: 0000-0002-7267-5926.

APA 6 Stili Kaynak Gosterimi: (To Cite This Artide)

Yilmez, . (2025). i¢ denetgilerin baks agstyla kamu i¢ denetim standartlarnin uygulanabiliniginin degerlendirilmesi. Munhasebe ve Vergi Uygulamalart Dergisi,
18(2), 323-330. doi: https://doi.0rg/10.20067/MuMLIG0293

—G) &)
This work is licensed under Creative Commons Attribution-Non-Commercial 4.0 International License @ [


https://doi.org/10.29067/muvu.1601293
https://dergipark.org.tr/tr/pub/muvu

iC DENETGILERIN BAKIS AGISIYLA KAMU i¢ DENETIM STANDARTLARININ UYGULANABILIRLIGININ DEGERLENDIRILMEST

EXTENDED SUMMARY
Introduction

Internal audit, which consists of assurance and consultancy activities, is an important type of audit
today in terms of helping to achieve corporate objectives in order to evaluate and improve the
effectiveness of risk management, governance and control processes of organizations. In particular,
internal audit works as an instrument of management by providing reports to the management on
whether the business and transactions carried out in organizations are carried out in accordance with
the legislation, plans and policies determined by the management, and by continuously evaluating
the internal control systems of organizations, identifying deficiencies and taking necessary measures.
For this reason, internal audit activities appear as an important audit activity in both private and
public organizations today. This study aims to determine whether there are differences of opinion
among public internal auditors during the implementation of Public Internal Auditing Standards.

Literature on Research

When the literature on internal audit activities is analyzed, it is seen that studies on internal audit
activities in the private sector are more concentrated in the international literature. In Tiirkiye, studies
on internal audit generally focus on internal audit activities in the public sector. The purpose of this
study is to determine whether there are differences in the implementation of public internal audit
standards by applying the opinions of internal auditors during the implementation of audit activities.

Method of the Research

In the study, data were collected with a questionnaire consisting of two parts. The first part of the
questionnaire includes demographic data and the second part includes questions on internal audit
activities carried out in public institutions prepared according to the 5-point Likert Scale. A total of
203 public internal auditors responded to the questionnaire. At the time of the survey, a total of 880
public internal auditors were working in all public institutions in Tiirkiye and approximately 1/4 of
the main mass was reached. The data obtained were analyzed with SPSS 25 and Stata 17 programs.
The questionnaire scales used in the research were subjected to validity and reliability tests. Since
the test results obtained were among the acceptable values, it was decided to apply the questionnaire.
Linear regression analysis was used as the study method.

Findings of the Research
In line with the aim of the research, the hypotheses of the research were determined as follows:

Hi: There is a significant difference in the opinions of internal auditors according to gender variable
at the stage of implementation of Public Internal Auditing Standards.

Ha: There is a significant difference in the opinions of internal auditors on the implementation of
Public Internal Audit Standards according to the age factor.

Hj: There is a significant difference in the opinions of internal auditors on the implementation of
Public Internal Audit Standards according to the variable of the department they graduated from.

Ha: There is a significant difference in the opinions of internal auditors according to their profession
before becoming an internal auditor at the implementation stage of Public Internal Audit Standards.

Hs: There is a significant difference in the opinions of internal auditors in the implementation phase
of Public Internal Auditing Standards according to the type of position held by their senior managers.

According to the results of the research, since the coefficients of the variables of gender, age,
graduated department and occupation before becoming an internal auditor are statistically
insignificant in the process of implementation of internal audit standards in public organizations,
hypotheses Hi, H», H3 and Hy are rejected. Since the coefficient of the senior manager’s mode of
appointment variable is statistically significant, hypothesis Hs is accepted.
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Conclusion

The fact that the legal regulations, institutional structure and management rules of each country are
different from each other makes it difficult to comply with international standards. On the other hand,
each country is likely to face various problems in the implementation phase of auditing standards. In
Tiirkiye, there are various problems in the implementation phase of auditing standards and in order
to solve these problems, training activities should be emphasized in order to increase the level of
knowledge on auditing standards. Since 2003, many regulations have been made regarding internal
audit activities carried out in public institutions. As it is known, the standards set for any profession
consist of a minimum set of instructions to ensure unity in practice. In our country, Public Internal
Audit Standards for internal audit activities carried out in public institutions were adopted in 2011
and have been continuously updated in parallel with the changes made in International Internal Audit
Standards in the process until today. With the research conducted, it has been determined that there
is no difference of opinion in terms of demographic variables except for the way their senior
managers take office at the implementation stage of internal audit standards for internal auditors
working in public institutions. When the vacancy/occupancy rates of internal auditor positions
created in public institutions are analyzed, it is seen that the occupancy rate is higher in public
institutions whose executives are appointed than in public institutions whose executives are elected.
In addition, it is seen that internal audit units in public institutions whose top managers are appointed
have gained more institutional structure and identity by establishing internal audit unit presidencies
than public institutions whose top managers are elected. From this point of view, it is concluded that
the top manager factor is important for the internal audit unit to have an institutional structure in
order to ensure professional unity in the implementation phase of internal audit standards in public
institutions and to provide the expected output from internal audit.

325



iC DENETGILERIN BAKIS AGISIYLA KAMU i¢ DENETIM STANDARTLARININ UYGULANABILIRLIGININ DEGERLENDIRILMEST

1. GIRIS

Hayatin her alaninda var olan siirekli degisim siireci yonetim anlayisina da etki ederek yeni kamu
yonetimi kavraminin ortaya ¢ikmasina neden olmustur. Hiyerarsik, biirokratik ve kati bir yapiya
sahip olan geleneksel yonetim anlayisi, 1980’lerden itibaren yerini esnek ve piyasa tabanli yeni kamu
yonetimi anlayisina birakmistir. Yeni kamu yonetiminin 6ziinde isletmecilik anlayisi yer almakta
olup 6zel sektoriin yiiksek kalite, diisiik maliyet ve rasyonel yonetim gibi istiinliiklerinin kamu
yonetimine aktarilmasi amaglanmistir (Cevikbag, 2012: 15). Ayrica yeni kamu yonetimi anlayisi
profesyonel yonetim, performans 6l¢timii, ¢ikti kontrolii, uzmanlasma, rekabetin artirilmasi 6zel

sektor uygulamalarinin kamuya uyarlama, kaynak kullaniminda disiplin gibi ilkelere dayanmaktadir
(Tekin, 2017: 205).

Kamu yonetimi anlayisinda meydana gelen gelismeler ¢ercevesinde denetim anlayisinda da
degisimler yasanmistir. Ozellikle 1980°li yillardan giiniimiize uzanan siirecte ozel sektdr
igletmelerinde uygulanan i¢ kontrol sistemleri ile i¢ denetim uygulamalari ile risk odakli denetim,
denetim anlayisinin degismesine neden olmustur. Geleneksel denetimin hata ve hilelerin tespit
edilmesi ve sorumlularin cezalandirilmasi anlayisi yerini isletmelerde kurulan i¢ kontrol sistemleri,
yonetimin bir aract olarak caligan i¢ denetim uygulamalar1 ve isletmelerin risklerinin 6nceden
belirlenerek bu risklerin heniiz ortaya ¢ikmadan gerekli dnlemlerin alinmasi anlayisina dayali post
modern bir denetim anlayigina birakmistir (Y1lmaz, 2023: 57-58).

Tiirkiye, 1980 ile 2000 yillart arasinda kamu yonetimi ve denetim basta olmak {izere bir¢ok alanda
meydana gelen degisimlere uyum saglamak amaciyla gerekli calismalara baslamistir. Ozellikle 1999
yilinda Helsinki’de gergeklestirilen Avrupa Birligi Devlet ve Hiikiimet Baskanlar1 Zirvesi’nde
Tiirkiye’ye Avrupa Birligi'ne girmek iizere aday iilke statiisiiniin verilmesi ile degisimler hiz
kazanmigtir. Avrupa Birligi’ne (AB) girmek isteyen aday iilkeler AB tarafindan 1993 yilinda
belirlenen Kopenhag kriterlerine uyum saglamak zorundadirlar. Tiirkiye bir taraftan diinyada
yasanan gelismelere diger taraftan da AB’nin Kopenhag kriterlerini yerine getirmek tiizere
calismalara baglayarak 2003 yilinda 5018 sayili Kamu Mali Yo6netimi ve Kontrol Kanunu’nu kabul
etmistir. 5018 sayil1 Kanun beraberinde performans esasli biitgeleme, performans denetimi, stratejik
yonetim, hesap verebilirlik, mali saydamlik, sonug¢ odaklilik, i¢ denetim gibi yenilikleri getirmistir.

5018 sayili Kanunun getirdigi yeniliklerden biri olan i¢ denetim faaliyetlerini bagimsiz ve tarafsiz
olarak diizenleme, gelistirme, koordine etme, uyumlastirma ve izleme gérevi igin 2004 yilinda i¢
Denetim Koordinasyon Kurulu (IDKK) kurulmustur. Kurul kamuda vyiiriitilen i¢ denetim
faaliyetlerinin merkezi uyumlagtirma gorevi listlenerek kamuda i¢ denetimin usul ve esaslarinin
belirlenmesi, denetim ve raporlama standartlarinin belirlenmesi, kamu kurumlarinda i¢ denetgi
kadrolarinin belirlenmesi, egitim ve sertifikasyon islemlerini yiiriitmektedir. Kamu I¢ Denetim
Standartlarin1 belirleme gérevi gercevesinde IDKK, Uluslararasi i¢ Denetciler Enstitiisiiniin (IIA)
Uluslararasi I¢ Denetim Mesleki Uygulama Standartlarini dikkate alarak 2011 yilinda Kamu Ig
Denetim Standartlarmi belirlemistir. flerleyen zamanlarda uluslararasi i¢ denetim standartlarinda
meydana gelen gelismeler dogrultusunda IDKK Kamu I¢ Denetim Standartlarim1 zaman zaman
giincellemektedir.

Yonetim ve denetim alaninda yasanan gelismeler dogrultusunda tilkemizde siirece uyum saglamak
tizere gerekli calismalar1 yapmaktadir. Bu ¢alisma ile Kamu I¢ Denetim Standartlarinin uygulanmasi
asamasinda kamu i¢ denetgileri arasinda goriis farkliliklarinin olup olmadigmin tespit edilmesi
amaglanmistir. Bu amagla kamuda istihdam edilen 203 i¢ denetgiye anket yontemi uygulanmistir.
Elde edilen sonuglar, SPSS ve Stata 17 paket programlar ile gegerlilik ve giivenirlik testlerine tabi
tutulduktan sonra dogrusal regresyon analizine tabi tutulmustur.
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2. KAVRAMSAL CERCEVE

Standart, Tiirk Dil Kurumu (2024) sozliigiinde sifat olarak “belirli bir tipe gore ayrilmis veya
yapilmis, tek tip, tek bicim, 6l¢lin” olarak tanimlandig: gibi isim olarak ise “bir isletmede bir iriinii,
iiretilecek miktari, bir ¢aligma yontemini, biitcenin para miktarini belirlemek tizere konulmus kural”
olarak tanimlanmustir.

Mesleki standartlar, “bir meslek kurulusu tarafindan belirlenen ve bir isin yapilabilmesi icin gerekli
asgari nitelikleri igeren kurallar dizisi” seklinde tanimlanmaktadir. Denetim standartlari, denetciye
151k tutarak denetim faaliyetlerinde yardimci olan genel ilkelerden olusmaktadir. Genel Kabul
Gormiis Denetim Standartlari olarak kabul edilen bu ilkeler dizisi, kaliteli bir denetim faaliyetinin
vazgecilmez bir pargasi olup denetim siireci boyunca denetgilerin bu ilkeler dizisinden ayrilmamasini
gerektirmektedir (Erol, 2015: 37).

Denetim standartlarinin uygulanma asamasinda birtakim sorunlarla karsilasilmas: muhtemel olup bu
sorunlarin baginda denetim standartlarinin anlagilamamasi ve denetim siirecinin karmasikligi
gelmektedir. Diger bir sorun, denetimin kalitesi ile ilgili olup organizasyonun i¢ kontrol sisteminin
zayiflig1 nedeniyle sinirli kontrollerin olmasi bu durumun ise standart dig1 davranislar i¢in uygun bir
ortami hazirlamaktadir. Bir bagka sorun ise, standartlar1 her iilke kendi diline ¢evirirken karsilagilan
ceviri sorunlari olup gerek standartlarin anlasilmasi1 ve uygulanmasi asamasinda siirekli egitim
calismalarin1 kagimlmaz hale getirmektedir (Polat, Karyagd: ve Ozer, 2024: 49).

1929 yilinda yasanan ve tiim diinyayi etkileyen ekonomik kriz, sosyal ve ekonomik ag¢idan birgok
alan1 etkilemekle birlikte denetim anlayisinda birtakim degisiklikleri ve yasal diizenlemeleri
beraberinde getirmistir. 1941 yilinda Amerika Birlesik Devletleri’nde Uluslararas1 I¢ Denetciler
Enstitiisii (IIA) kurulmus olup ilerleyen yillarda Enstitii, bir bildirge yaymlayarak sirketlerin kendi
yapilari igerisinde i¢ denetim faaliyetlerinin 6nemine dikkat ¢ekmigtir. 1978 yilinda 1A, i¢ denetim
faaliyetlerine yonelik standartlart belirlemistir. 1980 ve sonrasi donemde 6zellikle ABD’de hileli
raporlama sonrasi yasanan skandallar ile denetim anlayisinda meydana gelismeler dogrultusunda
ITA, standartlarin belirlenmesi, sertifikasyon, aragtirma ve rehberlik gibi konularda c¢alismalarina
devam ederek i¢ denetim alaninda diinya ¢apinda bir lider statiisiinii kazanmistir.

IIA’nin, i¢ denetim hakkinda birden fazla tanimi olmakla birlikte her tanimi bir 6nceki tanimi
kapsayacak sekilde gelistirilmistir. IIA tarafindan yapilan en giincel i¢ denetim tanimz; “bir kurumun
faaliyetlerine deger katmak ve gelistirmek igin tasarlanmis bagimsiz, objektif bir giivence ve
danismanlik hizmetidir. Yonetisim, risk yonetimi ve kontrol siireglerinin etkinligini degerlendirmek
ve gelistirmek icin sistematik, disiplinli bir yaklasim getirerek bir kurumun hedeflerine ulagmasina
yardimci olur” seklindedir (I1A, 2024).

¢ denetim y&netime objektif ve bagimsiz bir sekilde risk odakli giivence ve danismanlik
faaliyetlerini saglayarak organizasyonun deger yaratma, koruma ve sirdirme yetenegini
gelistirmektedir. I¢ denetim faaliyetleri herhangi bir organizasyonun:

> Hedeflerine basarili bir sekilde ulagsmasini,

> Yonetisim, risk yonetimi ve kontrol siire¢lerini,

> Karar alma ve gozetim faaliyetlerini,

> Paydaslar1 nezdindeki itibarini ve giivenilirligini ve
> Kamu yararina hizmet etme yetenegini gelistirir.

I¢ Denetim Standartlari, ilk kez mesleki bir kurulus olan IIA tarafindan yayinlarmis olup daha sonra
bu standartlar Uluslararasi I¢ Denetim Mesleki Uygulama Standartlar1 adi altinda toplanip ilan
edilmistir. Mesleki Uygulama Standartlari, i¢ denetim kilavuzunun mesleki c¢ercevesini
olusturmaktadir.

Ulkemizde hem AB miiktesebatina hem de denetim ve ydnetim anlayisinda meydana gelen
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gelismelere uyum saglamak amaciyla kabul edilen 5018 sayili Kamu Mali Yonetimi ve Kontrol
Kanun’u kabul edilmistir'. Kanunun getirdigi yeniliklerden biri olan i¢ denetim faaliyetlerini
bagimsiz ve tarafsiz olarak diizenleme, gelistirme, koordine etme, uyumlastirma ve izleme gorevi
i¢in 2004 yilinda i¢ Denetim Koordinasyon Kurulu (IDKK) kurulmustur. Kurul kamuda yiiriitiilen
i¢ denetim faaliyetlerinin merkezi uyumlastirma gorevi istlenerek kamuda i¢ denetimin usul ve
esaslarinin belirlenmesi, denetim ve raporlama standartlarinin belirlenmesi, kamu kurumlarinda i¢
denetci kadrolarin belirlenmesi, egitim ve sertifikasyon islemlerini yiiriitmektedir. Kamu ¢
Denetim Standartlarmi belirleme gorevi gercevesinde IDKK, Uluslararasi ¢ Denetgiler Enstitiisiiniin
(ITA) Uluslararast i¢ Denetim Mesleki Uygulama Standartlarim dikkate alarak 2011 yilinda Kamu I¢
Denetim Standartlarmi belirlemistir. Ilerleyen zamanlarda uluslararasi i¢ denetim standartlarinda
meydana gelen gelismeler dogrultusunda IDKK Kamu i¢ Denetim Standartlarini zaman zaman
giincellemektedir.

3. LITERATUR ARASTIRMASI

Denetim anlayisinda yasanan gelismeler dogrultusunda kamu kurumlarinda i¢ denetim faaliyetlerine
yonelik ulusal ve uluslararasi alanda bir¢ok calisma bulunmaktadir. Tiirkiye’de ise, konuyla ilgili
calismalarin ¢ogunlukla kamu kurumlarinda yiiriitilen i¢ denetim faaliyetlerine yonelik oldugu
goriilmektedir. Uluslararasi alandaki ¢aligmalarda ise, daha ¢ok 6zel sektdr i¢ denetim faaliyetlerine
yer verildigi gortiilmektedir.

Akbulut ve Akyol (2023) Tiirkiye kamu yapisinda kontrol ve i¢ denetim arasindaki iliskiyi incelemek
izere yapmis olduklar1 ¢alisma sonucunda kamu kurumlarinda i¢ denetim konusunda 6nemli bir
mesafe alindigini ancak i¢ kontrol konusunda i¢ denetime kiyasla ayni ilerlemenin yasanmadigi
sonucuna ulagmiglardir. Ayrica i¢ denetcilerin Tiirkiye’de kamu kurumlarinda i¢ kontrol
sistemlerinin gelistirilmesi konusunda danismanlik gorevleri dogrultusunda g¢aba harcamalari
gerekliligi yoniinde oneri gelistirilmistir.

Akyel (2010) i¢ kontrol, i¢ denetim ve dig denetim arasindaki iligkiyi kiiresel yaklagimla inceleyerek
iilkemizde kamu kesimine yansimasini irdelemistir. Elde edilen sonug ¢ergevesinde iilkemizde i¢
kontrol, i¢ denetim ve dis denetim arasindaki iligkiye yonelik cesitli sorunlar tespit edilmis olup
¢Oziim Onerileri sunulmustur.

Bayrake¢1 ve Demirel (2017) yapisal ve islevsel agidan i¢ denetimin sorunlarimi belirlemek iizere
Tiirkiye’de tniversiteler iizerinde yapmis olduklart g¢alismalarinda tiniversitelerde yiiriitiilen ig
denetim faaliyetlerine yonelik tespit ettikleri sorunlara ¢6ziim onerileri gelistirmiglerdir.

Bello ve Kano (2023) Nijerya'daki 40 devlet iiniversitesinde i¢ denetim kalitesinin belirleyicileri
olarak cinsiyet, yeterlilik, deneyim ve mesleki sertifikasyondan olugsan sosyo-demografik
degiskenlerin i¢ denetim kalitesi lizerindeki etkisini aragtirmiglardir. Degiskenlerden deneyim ve
mesleki sertifikasyonun kamu i¢ denetim kalitesi lizerinde etkili oldugu sonucuna ulagmiglardir.

Bozkus Kayhaoglu, Sarikaya ve Topal (2020) kamu kurumlarinda denetim ve risk evrenini daha iyi
tanimlamak iizere siirekli denetim faaliyetlerine dikkat ¢ekerek yaptiklari ¢aligmalarinda 6zellikle
iilkemizde Tarim ve Orman Bakanliginda i¢ denetim biriminde siirekli denetim faaliyetlerine yonelik
gerekli alt yapinin olusturulduguna dikkat ¢ekmislerdir.

Brody ve Lowe (2000) i¢ denetgilerin yonetime kars1 tutumlarinin objektif mi yoksa sirket ¢ikarlarina
uygun mu oldugu sorusuna odaklanmiglardir. Elde ettikleri bulgular, i¢c denetcilerin sirket ¢ikarlarina
uygun hareket etme egiliminde olduklarin1 géstermektedir.

Cankaya, Din¢ ve Kara (2012) Tiirkiye’de kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerini
denetim tiirleri agisindan inceleyerek elde edilen sonuglara gére denetim tiirlerinden finansal

1 5018 sayilh Kamu Mali Yonetimi ve Kontrol Kanunu, https://www.mevzuat.gov.tr/mevzuatmetin/1.5.5018.pdf
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tablolarin denetimi ve performans denetiminde, i¢ denetim faaliyetlerin daha etkili sonuglar iirettigi
sonucuna ulagmiglardir.

Gerekan (2010) Tiirkiye’de kamuda yiiriitiilen i¢ denetim faaliyetlerinin yerine getirilmesine yonelik
yapmis oldugu durum degerlendirmesi sonucunda i¢ denetgilerden alinan cevaplara gore kamu
kurumlarinda yiiriitiilen i¢ denetim faaliyetlerine yonelik ¢esitli sorunlarin oldugu ve bu sorunlara
¢Ozlim Onerileri sunmustur.

Gok (2015) Tirkiye’de yap1 ve performans acisindan kamu i¢ denetim sistemini inceleyerek kamu
kurumlarinda i¢ denetimin kendisinden beklenen bir verimlilikte uygulanamadigi, bunun 6niindeki
en biiyiik engelin kamu denetim yapisi oldugu sonucuna ulagmaistir.

Gormen (2017) kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerinin performansini 6l¢gmek iizere
yaptig1 ¢aligma sonucunda dengeli basar1 gostergesi yaklasimini uygulayarak kamu kurumlarinda
yiriitiilen i¢ denetim faaliyetlerinin performans dl¢iimiini yapmuistir. Elde edilen sonug ¢ergevesinde
her kurumun i¢ denetim faaliyetlerine yonelik kendi performans dlgme yapisint olugturarak kurum
icerisinde yiiriitiilen i¢ denetim faaliyetlerinin etkililik ve verimlili§ini artiracagi sonucuna
ulasilmistir.

Karcioglu ve Kurnaz (2017) Tiirkiye’de kamu i¢ denetcileri {izerinde yapmis olduklar: arastirma ile
kamuda yiiriitiilen i¢ denetim faaliyetlerinin sorunlarini tespit etmislerdir. Elde edilen sonuglara gore
mabhalli idarelerde gorev, yetki ve statii konularinda, genel biit¢eli kamu kurumlarinda ise bagimsizlik
ve Ozliik haklar1 gibi konularda i¢ denetgilerin sorun yasadigini tespit edilmistir.

Kurnaz ve Sercemeli (2018) i¢ denetgilerin {iniversitelerde verilen denetim egitimden beklentilerini
6lemek tlizere yaptiklari ¢aligma sonucunda i¢ kontrol, i¢ denetim ve risk yonetimi gibi alanlarda
lisansiistii ¢alismalarin tesvik edilmesi, gerekli e-doniisim uygulamalarina basvurulmasi, ig¢
denetimin belli bagli bir alan oldugu ve denetim ile ilgili derslerin giincellenmesi sonucuna
ulagsmuglardir.

Khairuddin ve Ismai (2022) kamu kurumlarinda ¢alisan i¢ denetgilerin demografik 6zelliklerinin
kurum i¢ kontrol sistemi iizerindeki etkisini belirlemek amaciyla yapmis olduklari ¢alisma ile kamu
i¢ denetgilerinin mesleki hizmet yil1 siire olarak arttik¢a kurum i¢ kontrol sisteminin iyilestirilmesine
yonelik katkilarinin arttigini tespit etmislerdir.

Kwon ve Banks (2004) calismalarinda i¢ denetgilerin kurumlarina ve mesleklerine bagliliklarini
artiran faktorleri incelemislerdir. Elde ettikleri bulgular 6rgiitsel baglilig artiran faktorlerin cinsiyet,
i yeri biiytikligl ve gorev kimligi oldugunu gostermektedir.

Ozdemir (2011) kamu i¢ denetgileri tarafindan i¢ denetim etiginin algilamgini belirlemek amaciyla
yapmis oldugu ¢aligmasinda kamu personelinin davranisi etkileyen iki faktér oldugu, bunlar dissal
faktor olarak yasalar, igsel faktor olarak etik kavrami olmakla birlikte kamu i¢ denetgileri agisindan
etik kavramin ¢agrigimlart tespit edilmistir.

Roussy (2013) galismasinda Kanada’daki kamu i¢ denetgilerinin ¢aligtiklari kurumlarda kurumlarini
koruyucu ve kurum performansmnin artirllmasinda onderlik eden roller iistlendiklerini ortaya
koymaktadir. Ayrica i¢ denetgilerin belirtilen faaliyetlerini yerine getirebilmeleri igin bagimsiz
olmasi gerektigi ifade edilmektedir.

Sarens ve De Beelde (2006) ¢aligmalarinda ABD ve Belgika sirketlerinde i¢ denetgilerin rollerini ve
bu rollerin nasil algilandigini sectikleri sirketler iizerinden karsilagtirmislardir. Elde ettikleri bulgular,
ABD’deki orneklerde i¢ denetim faaliyetlerinin Belgika’dakilere kiyasla daha nitelikli olup ve
Belgika’da ise i¢ denetim olgusunun heniiz ge¢is asamasinda olugunu gostermektedir.

Soh ve Martinov-Bennie (2011); Goodwin-Stewart ve Kent (2006); Ahmad ve Taylor (2009); Felix
ve digerleri (2001); Hass ve digerleri (2006) ¢alismalarinda diinya ve ABD’deki i¢ denetim ile ilgili
literatiirii ele almislar ve i¢ denetim uygulamalarindaki degisimi incelemislerdir. Elde ettikleri
bulgulara gore, karmasiklagan ticari iglemler nedeniyle i¢ denetgilerin bilgi ve becerilerinin
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artirilmasi gerektigi sonucuna ulagsmiglardir.

Solak, Oktay ve Pekkiiciiksen (2017) Tiirkiye’de kamu kurumlarinda i¢ denetim 6rnegini inceleyerek
degisime diren¢ konusunu ele aldiklar1 ¢calismalarinda i¢ denetim faaliyetlerinde yonetimin roliiniin
etkili oldugunu tespit etmiglerdir. Dogal olarak kamu kurumlarinda degisim konusunda yonetimin
tutumu 6nemli olmaktadir.

Simsek ve Ataman (2023) AB’ye uyum c¢abalarinda kamu i¢ denetim faaliyetleri hakkinda
Tiirkiye’de devlet iiniversiteleri tizerinde yapmis oldugu calismasinda aragtirmada kullanilan
degiskenlerin hizmet siirelerine gore {niversitelerin anlamli bir sekilde farklilastigi sonucuna
ulagmustir.

Tufan ve Goriin (2013) i¢ denetim standartlar1 ¢ergevesine Tiirkiye’de kamuda yiiriitiilen i¢ denetim
faaliyetlerini inceleyerek birtakim sorunlarin oldugu ve sorunlarin ¢oziimiinde dncelikle yonetimin
i¢ denetim hakkinda bilincinin artirilarak yonetimin i¢ denetim faaliyetlerini desteklemesi gerekliligi
sonucuna ulagmiglardir.

Tutar ve Altinoz (2017) Tiirkiye’de kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerini hesap
verebilirlik kavrami baglaminda inceleyerek arastirma sonucunda i¢ denetimin farkindalik
seviyesinin diisiik oldugu, i¢ denetim paydaslarinin i¢ denetim hakkinda yeterli bilgi sahibi
olmadiklar1 ve yonetimin i¢ denetim faaliyetlerini yeterince desteklemedigi sonucuna ulagmislardir.

Uysal (2018) Tiirkiye’de kamuda risk odakli i¢ denetim faaliyetlerine yonelik i¢ denetgiler ile yaptigt
calisma sonucunda kamuda risk kavramimi giindeme getiren i¢ denetim birimleri olmasina ragmen
risklerin yonetimi konusunda i¢ denetim birimlerine aktif rol verilmedigi sonucuna ulagmaistir.

Uzun ve Usta (2021) Cumhurbaskanligi hiikiimet sisteminde kamu kurumlarinda yiiriitiilen ig¢
denetim faaliyetlerine yonelik yapmis oldugu ¢alismasinda oncelikle farkli iilkelerdeki kamuda
yiiriitiilen i¢ denetim faaliyetlerini iilkemizdeki uygulama ile karsilastirmasi yaparak iilkemizde
yiiriitiilen i¢ denetim faaliyetlerinin sorunlu olan yonleri tespit edilip ¢dziim 6nerileri sunulmustur.

Zain ve digerleri (2006) c¢alismalarinda Malezya’daki 76 sirket iizerinden gerceklestirdikleri
analizlerde i¢ denetgilerin mali tablolarin denetimlerine katkilarini incelemiglerdir. Elde edilen
bulgular i¢ denetimin daha etkin olmasinin, dig denetim sonuglar1 iizerinde olumlu etkisi oldugunu
gostermektedir.

Zakaria ve digerleri (2021) Endonezya’da 82 kamu i¢ denetcisi lizerine yapmis olduklari
calismalarinda kamu i¢ denetgilerinin denetim goriisiinde cinsiyet faktoriiniin etkili olup
olmadiklarini aragtirmiglardir. Yapilan ¢alisma sonucunda cinsiyet faktoriiniin kamu i¢ denetgilerinin
denetim goriislerini etkilemedigi sonucuna ulasmiglardir.

Genel olarak literatiir taramasi degerlendirildiginde yapilan ¢alismalarin daha ¢ok i¢ denetim ile i¢
kontrol arasindaki iliski, i¢ denetim ile dis denetim arasindaki iliski, i¢ denetimin hangi denetim
tiirlerini  gerceklestirdigi, kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerinin sorunlari,
farkindalik ve yonetimin i¢ denetime verdigi deger gibi konular tizerinde yogunlastig1 goriilmektedir.
Literatiirde kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerinin kamu i¢ denetim standartlari
cer¢evesinde ve i¢ denetgilerin bu konudaki goriislerini dikkate alan ¢alismalar neredeyse yok
denecek diizeyde azdir ve bu galisma ile literatiirdeki bosluk doldurulmak istenmektedir.

4. ARASTIRMA

Mesleki standartlar, genel olarak bir isin yapilmasi sirasinda uyulmasi gereken birtakim talimatlar
dizisi olmakla birlikte yapilan isin farkli yer ve zamanlarda bile ayni talimatlar gergevesinde
yapilmasini saglamaktadir. Mesleki standartlar bir meslegin icrasi igin gerekli bilgi, beceri, tutum ve
tavirlarin asgari diizeyini gosteren normlardan olusur. Bdylelikle mesleki agidan standartlar
uygulamada birlik saglamaktadir. Ulkemizde kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerini
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belirli standartlar cercevesinde yiiriitiilmesini saglamak iizere Uluslararas: i¢ Denetim Standartlar1
ile uyumlu ilk kez 2011 yilinda kabul edilerek uygulanmaya baglanmistir. Uluslararas1 i¢ Denetim
Standartlarinda meydana gelen gelismeler dogrultusunda zaman zaman Kamu I¢ Denetim
Standartlarinda giincellemeler yapilmaktadir.

4.1. Arastirmanin Konusu ve Amaci

Aragtirmanin konusu asagida belirtilen Kamu I¢ Denetim Standartlarini uygulanmasi asamasinda
kamu i¢ denetgilerin goriislerini tespit etmektir. Arastirma konusu kapsaminda yer alan standartlar:

> 1000. Amag, Yetki ve Sorumluluklar,

> 1010. i¢ Denetimin Tanimina, Meslek Ahlak Kurallarina ve Standartlara i¢ Denetim
Yonergesinde Yer Verilmesi,

1100. Bagimsizlik ve Tarafsizlik,

1110. idare i¢i Bagimsizlik,

1111. Ust Yéneticiyle Dogrudan Iletisim,

1200. Yetkinlik, Azami Mesleki Ozen ve Dikkat,
1230. Siirekli Mesleki Geligim,

2010. Planlama,

2050. Koordinasyon,

2060. Ust Yonetici ve Bakana Raporlamalar,

2110. Kurumsal Yonetim ve

YV V V V V V V V V V

2500. ilerlemenin Izlenmesi Standardidir.

Bu calisma ile Kamu I¢ Denetim Standartlarinin uygulanmasi asamasinda kamu i¢ denetcileri
arasinda goriis farkliliklariin olup olmadiginin tespit edilmesi amaglanmistir.

4.2. Arastirmanin Evreni ve Orneklemi

Tiirkiye’de kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerinin merkezi uyumlastirma birimi
gdrevi I¢ Denetim Koordinasyon Kurulu tarafindan yiiriitiilmektedir. Kurul’un kendi web sayfasinda
kamu kurumlarindaki toplam i¢ denet¢i bos/dolu kadro sayisi yer almaktadir. Bu ilan incelendiginde,
374 kamu kurumunda 2054 i¢ denet¢i kadrosu olusturuldugu, 880 adetinin dolu, geriye kalaninin ise
bos oldugu goriilmektedir. Arastirma da toplam 203 kamu i¢ denetcisinden cevap alinmistir.
Aragtirmanin yapildig1 donemde Tiirkiye’de tiim kamu kurumlarinda toplam 880 adet kamu i¢
denetcisi istihdam edilmis olup tiim ana kiitlenin yaklasik 1/4’iine ulagilmustir.

4.3. Arastirmanin Yontemi

Arastirmada, iki boliimden olusan anket yontemi ile veri toplanmistir. Anketin ilk kisminda
demografik veriler yer almakta olup ikinci kisminda 5°li Likert Olgegine gore hazirlanan Kamu i¢
Denetim Standartlarina yonelik sorular yer almaktadir.

Arastirma kapsaminda kullanilan anket Olgekleri yazar tarafindan olusturulmus olup 6lgekler
gegerlilik ve giivenilirlik testine tabi tutulmustur. Elde edilen test sonuglarin kabul edilebilir degerler
arasinda olmasi nedeniyle anket yonteminin uygulanmasina karar verilmistir.

Calismada kullanilan anket yonteminin yapisal gegerliligini tespit etmek {izere 6lgekler SPSS 25
programi ile Agiklayict Faktor Analizine tabi tutulmustur. Analiz sonuglari asagidaki Tablo 1’de
goriildiigii tizere Kaiser-Meyer-Olkin (KMO), 0,90 degeri ile orneklem biiyiikligiiniin yeterli
diizeyde oldugu ve Barlett’s Sphericity Testi p<0,000 degeri ile 6l¢ekler arasinda iliskinin oldugu
tespit edilerek faktor analizine gecilmistir.
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Tablo 1. Kaiser-Meyer-Olkin ve Barlett’s Sphericity Aciklayic1 Faktor Analizi Test Sonugclar:

Kaiser-Meyer-Olkin Measure of Sampling Bartlett’s Test of Sphericity
Adequacy

Approx. Chi-Square 1587,041

0,90 df 91

Sig. 0,000

Ortak varyans sonuglar1 Tablo 2’de goriildiigii tizere faktor yiikleri tek boyutlu bir dlgek halindedir.
Tablo 2. Ortak Varyans Faktor Yiikleri

Sorular Degerler
Ust yonetimin i¢ denetime kars1 bakisi 0,837
I¢ denetime iist yonetimin verdigi deger. 0,840
I¢ denetim ile ilgili {ist yonetimin bilgi diizeyi 0,711
Raporlama agamasinda bagimsizlik 0,412
Zamaninda ve diizenli raporlama 0,613
Zamaninda ve diizenli plan ve programlama 0,671
Takip sistemi kurularak rapor sonuglarinin incelenmesi 0,349
Danigmanlik faaliyetlerinden faydalanma 0,515
Kurumdaki birimlerin i¢ denetim ile is birligi 0,483
Zamaninda ve diizenli faaliyet raporlari 0,609
Bagimsizlik ve {ist yonetim arasindaki iliski 0,209
Mesleki yeterlilik 0,536
Meslek mensuplarinin motivasyonu 0,514
I¢ denetci ve iist yonetim arasindaki iletisim 0,728

Baslangigta tek faktorden olusan 6lgek Varimax ile Dondiiriilmiis Faktor Analizine tabi tutularak alt
faktorler belirlenmektedir. Analiz sonucuna gore 6z degeri 1’den biiyiik olan faktorler alt faktor
olarak kabul edilmektedir. Bu agiklama gergevesinde Tablo 3 incelendiginde degeri 1’den biiyiik iki
alt faktor oldugu goriilmektedir. S6z konusu iki alt faktor, sorulardaki degisimin %57 sini (literatiirde
bu oranin %50-%60 arasinda olmasi yeterli kabul edilmektedir) aciklamaktadir.

Tablo 3. Ozdegerler Tablosu

Acilanan Toplam Varyans

Faktor Oz Deger Varyans (%)  Kiimiilatif (%)
1 6,516 46,543 46,543
) 1,510 10,788 57,331
3 0,921 6,579 63,910
4 0,896 6,402 70,313
5 0,782 5,587 75,900
6 0,676 4,826 80,726
~ 0,534 3,815 84,542
8 0,516 3,686 88,227
9 0,404 2,884 91,112
10 0,351 2,504 93,615
1 0,304 2,172 95,788
12 0,264 1,888 97,676
13 0.221 1,578 99,254
14 0,104 0,746 100
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Belirlenen iki faktoriin kendileriyle iliskili degiskenleri tespit etmek amaciyla faktor dondiirme islemi
yapilarak sonuglar1 Tablo 4’te yer almaktadir.

Tablo 4. Dondiiriilmiis Faktor Analizi Faktor Yiikleri

Sorular 1.Faktor 2.Faktor
Ust ydnetimin i¢ denetime kars1 bakist 0,884
I¢ denetime iist yonetimin verdigi deger 0,886
I¢ denetim ile ilgili {ist yonetimin bilgi diizeyi 0,788
Raporlama asamasinda bagimsizlik 0,462
Danigmanlik faaliyetlerinden faydalanma 0,687
Kurumdaki birimlerin i¢ denetim ile is birligi 0,543
Bagimsizlik ve {ist yonetim arasindaki iliski 0,448
Meslek mensuplarinin motivasyonu 0,673
I¢ denetci ve iist yonetim arasindaki iletisim 0,842
Zamaninda ve diizenli raporlama 0,762
Zamaninda ve diizenli plan ve programlama 0,764
Takip sistemi kurularak rapor sonuglarinin incelenmesi 0,425
Zamaninda ve diizenli faaliyet raporlari 0,720
Mesleki yeterlilik 0,731

Agiklayic1 ve Dondiiriilmiis Faktor Analiz sonuglari ger¢evesinde arastirmanin modeli Tablo 5’te
gosterilmistir. Tablo 5 incelendiginde arastirmanin bagimli degiskeni denetim standartlari olup
arastirma kapsamina alinan denetim standartlar1 grupl (faktor 1) ve grup2 (faktor 2) olmak iizere
ikiye ayrilmistir. Bagimsiz degiskenleri ise, demografik verilerden olusturmaktadir.

Tablo 5. Arastirmanin Modeli

Bagimsiz Degiskenler Bagimli Degiskenler
Demografik Veriler
Cinsiyet Grupl
Yas

Mezun Olunan Bolim
I¢ Denetci Olmadan Onceki Meslek

Yoneticinin Goreve Gelme Sekli Grup2

Calisma yontemi olarak dogrusal regresyon analizi kullanilmistir. Dogrusal regresyon analizi, bir
veya daha fazla bagimsiz degisken ile bagimli degisken arasindaki iliskiyi agiklayan bir model
olusturmak iizere kullanilan yontemdir. Kullanilacak olan regresyon modelleri asagida belirtilmistir:

Y, =B+ BX, +5Xo + B X + X, + B X + e, )
Y =0,+a X, +a, X, +a. X, +a,X, +aX,+&, (2)

Burada Y1i .., Y2i .., .., olup g1 ve 2 ise ilgili denklemlerin hata terimlerini ifade
etmektedir.

Arastirmanin amaci dogrultusunda hipotezler asagidaki gibi belirlemistir:

H;: Kamu i¢ Denetim Standartlarmin uygulanma asamasinda i¢ denetcilerin cinsiyet degiskenine

gore goriisleri arasinda anlamli bir farklilik vardir.
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H,: Kamu I¢ Denetim Standartlarinin uygulanma asamasinda i¢ denetcilerin yas degiskenine gore
goriislerinde anlamli bir farklilik vardir.

H;: Kamu I¢ Denetim Standartlarinin uygulanma asamasinda i¢ denetcilerin mezun olduklar1 boliim
degiskenine gore goriislerinde anlamli bir farklilik vardir.

H,: Kamu I¢ Denetim Standartlarinin uygulanma asamasinda i¢ denetcilerin i¢ denet¢i olmadan
onceki meslekleri degiskenine gore goriislerinde anlamli bir farklilik vardir.

Hs: Kamu I¢ Denetim Standartlarinin uygulanma asamasinda i¢ denetgilerin iist y&neticilerinin
goreve gelme sekli degiskenine gore goriislerinde anlamli bir farklilik vardir.

4.4. Bulgular

Calisma kapsaminda kullanilan demografik verilere iligkin tanimlayic istatistikler Tablo 6°da yer
almaktadir.

Tablo 6. Demografi Verilere iliskin Tanmimlayic1 istatistikler

Degiskenler Frekans Yu(z(;l; Kiimiilatif
(1]
Cinsivet Kadm 28 13,79 13,79
Y Erkek 175 86,21 100
25-35 5 2,46 2.46
va 36-45 109 53,69 56,16
d 46-55 59 29,06 85,02
55 ve iizeri 30 14,78 100
e Diger 68 33,50 33,50
M lunan Bél —2

ezun Olunan Boliim TIBF 135 66,50 100
ic Denetci Olmadan Onceki gf“et‘m 137 67.49 67.49

Meslek mayan
Denetim 66 32,51 100
Ust Yoneticinin Goreve Gelme Atanarak 152 74,88 74,88
Sekli Secilerek 51 25,12 100

Tablo 6 incelendiginde arastirmaya katilan i¢ denetgilerin 175’1 erkek, 28’1 bayan olup 5’1 25 ile 35
yas araliginda, 109’u 36 ile 45 araliginda, 59°u 46 ile 55 yas araliginda ve 30’u ise 55 ve {izeri yas
araliginda oldugu goriilmektedir. Ayrica katilimeilarin 135°i ktisadi ve Idari Bilimler Fakiiltesi
(IIBF) mezunu olup 68’i ise IIBF disindaki herhangi bir fakiilte mezunudur. Katilimcilarin 137’si i¢
denetci olmadan denetimle alakali herhangi bir kadroda ¢alismiyorken 66°s1 ise i¢ denet¢i olmadan
once denetimle alakali herhangi bir kadroda ¢alismaktadir. Ayrica katilimcilarin 152’sinin galistigt
kurumdaki st yoneticileri gorevine atanarak gelirken 51°nin ise gorevine segilerek geldigi
goriilmektedir.

Calisma kapsaminda kullanilan bagimli degiskenlere iliskin tanimlayicr istatistikler Tablo 7°de yer
almaktadir.

Tablo 7. Bagimh Degiskenlere iliskin Tanimlayici Istatistikler

Degiskenler Gozlem Sayis1 Ortalama Standart Sapma
Grupl 203 3,3962 0,8006
Grup2 203 4,0019 0,6865

Tablo 7 incelendiginde grup 1’e gdre grup 2’nin ortalamasinin daha fazla oldugu, standart sapma
degerleri incelendiginde grup 2’ye gore degiskenligin grup 1°de daha fazla oldugu goriilmektedir.
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Denklem 1°de yer alan regresyon modelinin tahmin sonuglar1 Tablo 8’de yer almaktadir.

Tablo 8. Grupl Dogrusal Regresyon Analizi Sonuclari

_Degisken Katsay1  Standart Hata Olasihk
Cinsiyet (Temel Grup: Kadin)
Erkek 0.0427 0.1639 0.794
Yas (Temel Grup: 25-35)
36-45 yas arasi -0.4253 0.3624 0.242
46-55 yas arast -0.1654 0.3766 0.661
56 yas ve lizeri -0.4616 0.3905 0.239
Boliim (Temel Grup: Diger)
IiBF -0.1277 0.1476 0.388
Onceki Meslek
(Temel Grup: Denetim Eleman Degil)
Denetim Elemani 0.0786 0.1535 0.609
Ust Yonetici (Temel Grup: Atanarak)
Segilerek -0.3522 0.1343 0.009"
Breusch-Pagan Sharpio-Wilk
Testi Normallik Testi
F ;7’:13)50_512&‘)’4) R2=0,0683  Test istatistigi Test istatistigi:
’ 2.13 1,087

Olasihik: 0,1447 Olasilik= 0,3027
*0,05 anlamlilik diizeyinde ilgili katsaymin istatistiki olarak anlamli oldugunu ifade etmektedir.

Tablo 8 incelendiginde cinsiyet, yas, bolim ve Onceki meslek degiskenlerinin temel gruplar
bakimindan anlamli bir farklilik olmadigi, bunun yan1 sira {ist yoneticinin géreve gelme seklinde
anlamli bir farklilik oldugu goriillmektedir. Buradan hareketle {ist yoneticisi atanarak gelenlere gére
(temel grup) segilerek gelenlerin bagimli degisken iizerinde negatif etkisinin (-0.3522) bulundugu
ifade edilebilir.

Denklem 2’de yer alan regresyon modelinin tahmin sonuglar1 Tablo 9’da yer almaktadir.

Tablo 9. Grup2 Dogrusal Regresyon Analizi Sonuclar

_Degisken Katsay1 Standart Hata Olasihk
Cinsiyet (Temel Grup: Kadin)
Erkek -0.1529 0.1361 0.262
Yas (Temel Grup: 25-35)
36-45 yas arasi -0.0537 0.3008 0.858
46-55 yas arasi 0.1803 0.3126 0.565
56 yas ve lizeri -0.1032 0.3242 0.750
Boliim (Temel Grup: Diger)
[iBF -0.1930 0.1225 0.117
Onceki Meslek
(Temel Grup: Denetim Elemani Degil)
Denetim Elemani 0.0422 0.1274 0.741
Ust Yonetici (Temel Grup: Atanarak)
Segilerek -0.4308 0.3301 0.000*
Breusch-Pagan Sharpio-Wilk
Testi Normallik Testi
F 1(37; 1((9)5&)3284) R2=0,1268 Test Istatistigi Test Istatistigi:
’ 3,25 0,873

Olasihk: 0,1230 Olasihk = 0,5134
*0,05 anlamlilik diizeyinde ilgili katsaymin istatistiki olarak anlamli oldugunu ifade etmektedir.
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Tablo 9 incelendiginde cinsiyet, yas, bolim ve onceki meslek degiskenlerinin temel gruplar
bakimindan anlamli bir farklilik olmadig1 bunun yani sira iist yoneticinin goreve gelme seklinde
anlaml bir farklilik oldugu goriilmektedir. Buradan hareketle {ist yoneticisi atanarak gelenlere gore
(temel grup) secilerek gelenlerin bagimli degisken iizerinde negatif etkisinin (-0.4308) bulundugu
ifade edilebilir.

Elde edilen regresyon sonuglari icin tanisal testler (normallik ve farkli varyans) gerceklestirilmis olup
ilgili test istatistikleri tablolarin alt kisimlarinda verilmistir. Normallik testi sonuglar1 her iki model
i¢inde hatalarin normal dagilima uydugu, farkli varyans testinin yine her iki modelde de esit varyans
varsayiminin gegerli oldugunu gostermektedir.

Arastirma sonuglarina gére kamu kurumlarinda i¢ denetim standartlarinin uygulama asamasinda
cinsiyet, yas, mezun olunan boliim ve i¢ denet¢i olmadan dnceki meslek degiskenlerinin katsayisi (p
degeri 0.05’ten biiyiik olmasi nedeniyle) istatistiki olarak anlamsiz oldugundan H;, H,, H; ve Hy
hipotezleri reddedilir. Kamu kurumlarinda i¢ denetim standartlarinin uygulama asamasinda iist
yoneticinin goreve gelme degiskeninin katsayisi istatistiki olarak anlamli oldugundan Hs hipotezi
kabul edilir.

5. SONUC

Tiirkiye 1980°1li yillardan giiniimiize kadar olan siirecte diinyada yasanilan gelismelere uyum
saglamay1 ve Avrupa Birligi’ne girmeyi hedefleyen bir iilkedir. Ozellikle 1999 yilinda Helsinki
zirvesinde Avrupa Birligi’ne aday iilke statiisliniin verilmesinden sonra Tiirkiye hedeflerine ulagsmak
lizere caligmalarina baslayarak hizli bir degisim siirecine girmistir. Bu degisim siirecinin ilk
orneklerinden biri 2003 yilinda 5018 sayili Kamu Mali Yo6netimi ve Kontrol Kanunu’nun kabul
edilmesidir. 5018 sayili Kanun, kamu mali yapisinda birgok yenilik getirmesiyle birlikte bu
yeniliklerden biri de kamuda i¢ denetim faaliyetlerine baslanmasidir. Klasik denetimin kati
yapisindan ayrilan ve modern bir anlayisa sahip olan i¢ denetim faaliyetleri, kurumlarin amaglarina
ulasmasma yardimci olan giivence ve damgsmanlik faaliyetlerinden olusmaktadir. Ozellikle
yonetimin bir araci olarak i¢ denetim, kurum igerisinde gergeklestirilen faaliyetlerin yasalara, plan
ve programlara uygun bir sekilde yerine getirilmesine katki sagladigi gibi aksakliklarin olmasi
durumunda ¢6zlim Onerileriyle birlikte yonetime raporlama yaparak gerekli 6nlemlerin alinmasi ve
risk odakl1 bir denetimdir.

Uluslararasi standartlara uyum saglama bakimindan ilkeler ¢esitli sorunlar yasamaktadirlar. Her
iilkenin yasal diizenlemelerinin, kurumsal yap1 ve yonetim kurallarinin birbirinden farkli olmasi,
uluslararasi standartlara uyumu zorlastirmaktadir (Abdolmohammadi ve digerleri, 2009: 859). Diger
taraftan her iilkenin kendi i¢inde denetim standartlarinin uygulama asamasinda gesitli sorunlarla
karsilasmas1 muhtemeldir. Ulkemizde denetim standartlarimin uygulama asamasinda gesitli
sorunlarin oldugu ve bu sorunlarin ¢dziimiinde denetim standartlarina yonelik bilgi diizeyinin
artirilmas1 amactyla egitim ¢alismalarina agirhik verilmesi gerekmektedir (Polat, Karyagdi ve Ozer,
2024: 59).

2003 yilindan giiniimiize kadar olan siire¢cte kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerine
yonelik bircok diizenleme yapilmistir. Bilindigi lizere herhangi bir meslege iliskin belirlenen
standartlar uygulamada birlik saglamak iizere olusturulan asgari talimat dizinden olusmaktadir.
Ulkemizde de 2011 yilinda kamu kurumlarinda yiiriitiilen i¢ denetim faaliyetlerine yonelik Kamu i¢
Denetim Standartlar1 kabul edilerek giiniimiize kadar olan siiregte Uluslararasi I¢ Denetim
Standartlarinda yapilan degisimlere paralel siirekli olarak giincellenmektedir. Yapilan arastirma ile
kamu kurumlarinda ¢alisan i¢ denetgiler agisindan i¢ denetim standartlarinin uygulama asamasinda
list yoneticilerinin goreve gelme sekli hari¢ diger demografik degiskenlere gore goriis farkliliklarimin
olmadig: tespit edilmistir.

Kamu kurumlarinda olusturulan i¢ denet¢i kadrolarmmin bog/doluluk sayilari incelendiginde
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yoneticileri atanarak gelen kamu kurumlarindaki doluluk orani, {ist yoneticileri segilerek gelen kamu
kurumlarina gore daha fazladir. Ayrica iist yoneticileri atanarak gelen kamu kurumlarinda i¢ denetim
birimlerinin, iist yoneticileri segilerek gelen kamu kurumlarina gore i¢ denetim birim bagkanliklarinin
kurularak daha fazla bir kurumsal bir yap1 ve kimlik kazandig1 goriilmektedir. Buradan hareketle
kamu kurumlarinda i¢ denetim standartlarmin uygulama asamasinda mesleki birlik saglanmasi
acisindan i¢ denetim biriminin kurumsal bir yapiya sahip olmasi ve i¢ denetimden beklenen ¢iktinin
saglanmasi i¢in {ist yonetici faktoriiniin 6nemli oldugu sonucuna ulagilmaktadir. Kamu kurumlarinda
gorev alan iist yoneticilerin i¢ denetim hakkinda bilgi diizeylerinin artirilmasi ve i¢ denetim biriminin
kurumsal yapisinin arastirilmasi bundan sonra yapilacak diger ¢alismalar i¢in 6nerilmektedir.
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Abstract

Cement is a basic binder of concrete, which is the most consumed building material in the world after water. Therefore,
cement, which is important in a wide range of areas, has gained strategic importance in recent years with the emergence of
issues such as environmental sustainability, use of new and innovative technologies and energy efficiency. Cement factories
operating in Tiirkiye carry out production according to TS EN standards harmonized with European standards. Tiirkiye’s
cement sector attracts attention with its strong investments, export-oriented strategy and ability to adapt to economic
conditions. In this context, the financial soundness and sustainability of cement companies play a critical role in the future of
the sector and economic stability. This study aims to examine the factors affecting the capital structure of 13 cement companies
traded in Borsa Istanbul between 2014-2023 using panel data analysis. The results obtained from the study showed that the
variables of current ratio and return on assets negatively affect the capital structure of cement companies, while company size,
tangible assets/total assets and current assets/total assets variables positively affect the capital structure of companies. It is
thought that these findings will help companies operating in the cement industry to increase their sustainability, evaluate their
financial soundness and make strategic decisions.
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Cimento Sirketlerinin Sermaye Yapisina Etki Eden Faktorlere Yonelik Bir

Arastirma

0Oz

Cimento, diinyada sudan sonra en ¢ok tiiketilen yapt malzemesi olan betonun, temel bir baglayicisidir. Bu yiizden genis bir
yelpazede onem arz eden ¢imento, son yillarda ¢evresel siirdiiriilebilirlik, yeni ve inovatif teknolojileri kullanimu ile enerji
verimliligi gibi konularin 6ne ¢ikmasiyla stratejik bir 6neme sahip olmustur. Tiirkiye’de faaliyet gdsteren ¢imento fabrikalar
Avrupa standartlar ile uyumlastirilmis TS EN standartlaria gore tiretim gerceklestirmektedirler. Tiirkiye nin ¢imento sektorti,
giiclii yatirimlari, ihracat odakl stratejisi ve ekonomik kosullara uyum saglama yetenegi ile dikkat cekmektedir. Bu baglamda,
¢imento sirketlerinin finansal saglamlig1 ve siirdiirtilebilirligi, sektoriin gelecegi ve ekonomik istikrar agisindan kritik bir rol
oynamaktadir. Bu ¢alisma, 2014-2023 doneminde Borsa Istanbul’da islem géren 13 ¢imento sirketinin sermaye yapismi etkileyen
faktorleri panel veri analizi kullanarak incelemeyi amaglamaktadir. Calismadan elde edilen sonuglar, cari oran ve aktif karlilig
degiskenlerinin ¢cimento sirketlerinin sermaye yapisini olumsuz yonde etkiledigini, sirket biiyiikligii, maddi duran varliklar/toplam
aktifler ve donen varliklar/toplam aktifler degiskenlerinin ise sirketlerin sermaye yapisini olumlu etkiledigini gostermistir. Bu
bulgularin ¢imento sektoriinde faaliyet gosteren sirketlerin siirdiiriilebilirliklerini artirmalarina, finansal saglamliklarini
degerlendirmelerine ve stratejik kararlar almalarma yardimei olacag diisiiniilmektedir.
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THE RESFARCH ON THE FACTORS AFFECTING THE CAPITAL STRUCTURE OF CEMENT COMPANIES

1. INTRODUCTION

Cement, as the basic binder of concrete, is the most consumed building material in the world, after
water. The cement and concrete industry, which is directly related to global population growth and
economic growth, is an important industrial branch serving the construction sector. In the last decade,
world cement production averaged 4.1 billion tons annually. Since the beginning of the 21st century,
a decrease in the population growth rate and GDP growth rate has been observed in developed
countries. This decrease also indicates a decrease in cement consumption. On the other hand, total
cement consumption has increased in developing countries that have accelerated infrastructure
investments in the last 20 years (PwC Tiirkiye, 2024).

Although cement production and sales started in the world in 1878, Tiirkiye’s introduction to the
cement industry was mainly achieved in 1912 with the initiative of the private sector. The fact that it
started 34 years late is due to the fact that water lime production was not sufficient and these years
coincided with the collapse of the Ottoman Empire.

Cement, which is the main input of the construction industry, one of the locomotive sectors of the
Turkish economy, plays a key role in industrial and infrastructure development. Tiirkiye has an
important position in the world in cement production and consumption and accounts for
approximately 2% of the global market. Tiirkiye’s geographical location and economic dynamics are
among the important factors supporting the growth of the cement industry. The cement sector is a
cornerstone for the construction industry in Tiirkiye to continue its activities and accelerate economic
development. In addition to its direct effects, contributing to employment in the construction sector,
introducing a strategic product that has no substitutes to the market, and playing a critical role in
making the building stock and basic infrastructures durable in Tiirkiye, which is located in the
earthquake zone, are the main reasons why it is the cornerstone of the cement industry in Tiirkiye
(TirkCimento, 2024).

Tiirkiye, Europe’s largest cement producer, is the world’s largest cement exporter as of 2022.
According to Turkish Statistical Institute (TUIK) data, the total export amount of the cement sector
decreased by 12% to 27.2 million tons. 18.7 million tons of the exports in question consisted of
cement and 8.5 million tons of clinker. In 2022, the total exports of the cement industry increased by
22.3% on a value basis, reaching 1.5 billion dollars. With these data, Tiirkiye will rank second in the
world in total exports in terms of tons in 2022; When we consider it in terms of value and only cement
exports, it has become the world's leading exporter. The cement sector is a cornerstone for the
construction industry in Tiirkiye to continue its activities and accelerate economic development. In
addition to its direct effects, contributing to employment in the construction sector, introducing a
strategic product that has no substitutes to the market, and playing a critical role in making the
building stock and basic infrastructures in Tiirkiye, which is located in the earthquake zone, durable,
are the main reasons why it is the cornerstone of the cement industry in Tirkiye (TiirkCimento,
2024).

The aim of this study is to analyze the factors affecting the capital structure of cement companies and
to provide information on the financial management strategies of companies operating in the cement
sector. The study is important in determining which financial instruments cement companies will use
to achieve their sustainable growth targets and how they will optimize their capital structures. In
addition, it is thought that understanding the dynamics of cement markets and how companies will
adapt to these dynamics will make significant contributions to the practices in the sector.

2. LITERATURE REVIEW

Proenga et al. (2014) investigated the factors affecting the capital structure of SMEs in Portugal, and
data on 12,857 SMEs were obtained from the Amadeus database in the 2007-2010 period. According
to the research results, liquidity, asset structure and profitability variables are the variables that have
the most impact on the capital structure decisions of enterprises. According to the negative
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relationship between profitability and borrowing rates, it shows that SMEs in Portugal first prefer
internal resources and then turn to external resources in order to avoid risk to finance their
investments, and this result supports the financing hierarchy theory.

Abdioglu and Deniz (2015) investigated the factors affecting the capital structure of 188 companies
operating in different sectors within the manufacturing industry traded on BIST in the five-year
period after the 2008 financial crisis. In the study, the dependent variable of capital structure is
represented by leverage ratio, while the independent variables are represented by asset structure,
ROA, size, liquidity ratio, growth opportunity, operating leverage, fluctuation in sales and non-debt
tax shield. As a result of the analysis, a significant and negative relationship was detected between
ROA, acid test ratio, asset structure and financial leverage, while a significant and positive
relationship was found with fluctuations in sales. On the other hand, the study did not find a
statistically significant relationship between size, operating leverage, growth opportunity, non-debt
tax shield and financial leverage.

Mohammad and Gharaibeh (2015) used financial data between 2009 and 2013 to determine the
factors affecting the capital structure of 215 companies operating in Kuwait. In the study, where the
financial leverage ratio represents the capital structure, firm age, firm size, liquidity, ROE, asset
structure and ownership structure were also used as independent variables. As a result of the study,
a positive and significant relationship was found between firm age, firm size, liquidity and asset
structure and financial leverage ratio.

Arsov and Naumoski (2016) aimed to determine the factors affecting the capital structures of 173
companies operating in Croatia, Serbia and Macedonia between 2008 and 2013 and listed on the
stock exchange. In the study, firm size, asset structure, asset profitability and ownership structure
were determined as independent variables. The results showed that there is a positive and significant
relationship between total debt ratio and asset structure and firm size. There was no negative and
significant relationship with return on assets and no significant relationship with ownership structure.

Giiner (2016) aimed to determine the factors affecting the capital structures of 131 publicly traded
companies operating in Tiirkiye between 2008 and 2014. While the capital structure was measured
by the financial leverage ratio in the study, firm size, growth opportunity, non dept tax shield,
profitability and liquidity ratio were determined as the factors affecting the capital structure. As a
result of the analysis, a significant and negative relationship was revealed between financial leverage
and firm size, growth opportunity, profitability and liquidity ratio.

In the study conducted by Pratheepan and Weerakoon Banda (2016), data between 2003 and 2012 of
55 companies whose shares were traded on the Sri Lanka Colombo Stock Exchange were analyzed
using the panel data method. While the capital structure, which is the dependent variable in the study,
is represented by the financial leverage ratio, the independent variables are firm size, growth
opportunity, non dept tax shield and asset structure. As a result of the analysis, a significant and
positive relationship was detected between firm size and growth opportunity and leverage ratio, while
no significant relationship was detected with asset structure and non-debt tax shield.

Matias and Serrasqueiro (2017) investigated business-specific factors affecting the capital structure
of SME:s in different regions of Portugal. Between 2007 and 2011, 11,016 SMEs were analyzed using
the variables of profitability, business size, asset structure, business age and growth opportunities.
Dependent variables were included in the analysis as total debt ratio, medium and long-term debt
ratio and short-term debt ratio. According to the research results, while size is an important variable
for SMEs, the negative relationship between profitability and debt ratios supports the financing
hierarchy theory. Profitability and asset structure were determined to be the best variables explaining
total debt, and a positive relationship was found between growth opportunities and debt ratios.

Daskalakis et al. (2017) examined 17,317 SMEs between 2004 and 2014 with the Generalized
Method of Moments (GMM) in their study investigating the relative importance of business-specific
capital structure determinants and macroeconomic variables of SMEs in Greece when
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macroeconomic conditions change. While there is a positive relationship between credit expansion
and leverage ratios among macroeconomic variables, no significant relationship was found between
inflation and leverage, a weaker and negative relationship with interest rates before the crisis, and a
strong positive relationship during the crisis. A non-significant or non-constant relationship was
found between all internal variables except asset structure and cash-rich businesses.

Versmissen and Zietz (2017) examined real estate investment trusts operating in the USA between
1993 and 2013 and investigated whether there was a target debt ratio for their capital structures using
the generalized method of moments. Within the scope of the research, the effects of firm size, growth
opportunities, profitability, tangible asset structure, stock market performance, firm structure and
median debt ratio on capital structure were examined. Consistent with the balancing theory, a positive
relationship has been determined between firm size, fixed asset ratio and financial leverage ratio.

Topaloglu (2018) used panel data analysis methods in his study to determine the factors affecting the
capital structures of companies operating in Tiirkiye between 2007 and 2015. As a result of the
analysis, a significant and negative relationship was determined between liquidity ratio, asset
structure and asset return ratio and financial leverage, while a positive relationship was determined
with firm size.

Anh and Phuong (2018) examined the data of 642 companies operating in Vietnam for the period
2009-2015 using the panel data analysis method. While the leverage ratio was the dependent variable
representing the capital structure in the study, foreign, corporate and public ownership structure,
capital share of the largest shareholder, firm age and PD/DD variables were used as independent
variables. As a result, no statistical effect of foreign, corporate or public ownership on the capital
structure could be determined.

Sahin (2020) analyzed the determinants of the capital structure of energy companies traded on BIST
between 2009-2019. The results reveal that interest, exchange rate, industrial production index and
tangible assets have a significant impact on the capital structure.

Yiicedag Erding and Sayilgan (2020) included 134 businesses operating in Borsa Istanbul between
2009 and 2017 in order to comparatively analyze the relationship between the factors affecting the
capital structure of small and medium-sized manufacturing sector enterprises registered in Borsa
Istanbul and the capital structure decisions of the enterprises. They are grouped according to their
asset size. According to the results obtained from the research, it was determined that the liquidity
variable was the most contributing variable among the business-specific variables, and the exchange
rate was the most contributing variable among the macroeconomic variables.

According to the results of this study, in which Kempa et al. (2021) analyzed the factors affecting
the capital structure of companies operating in the field of renewable and non-renewable energy, it
is stated that the developed banking sector and environmental policies are effective on the capital
structure.

Ozer et al. (2022) investigated the impact of firm-specific and macroeconomic factors on capital
structure in their study. 223 publicly traded companies operating in the BIST technology, industrial
and services sector between 1987 and 2017 were included in the scope of the study. According to the
findings, the capital structures of companies are affected by factors such as the company's liquidity,
asset structure, profitability, size, market interest rates and stock market development level.

Atesoglu Coskun and Nakit (2022) used the 2012-2017 period data of companies operating in
different sectors in Borsa Istanbul in their study where they examined the effects of ownership
structure on capital structure. According to panel data analysis results, foreign ownership reduces
financial leverage. Companies with high institutional ownership or high free float use more leverage.

Celik and Hepsen (2023) examined the data for the period 2013-2022 using the panel data analysis
method in their study in which they aimed to determine the factors affecting the capital structures of
real estate investment trusts operating in Tiirkiye. While the financial leverage ratio was used as the
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dependent variable in the study, the independent variables were classified as firm-specific, financial
market-specific and macroeconomic factors. According to the results of the research, it has been
revealed that there is not only a single theory explaining the factors affecting the capital structures of
companies, and that different theories can be evaluated together according to company-specific
factors, developments in financial markets and macroeconomic conditions.

Dogan and Erdogan (2024) aimed to examine the factors affecting the capital structure of 26 energy
companies traded in Borsa Istanbul. In the study, data of energy companies for the period 2019-2023
were analyzed using panel data analysis methods. The results obtained from the study showed that
the variables current ratio, return on assets and the ratio of tangible assets to total assets negatively
affect the capital structure of energy companies, while the profit/sales ratio before interest and tax
affects the capital structure of companies positively.

In addition, the dynamics of Tiirkiye’s cement industry and the unique characteristics of cement
companies traded in Borsa Istanbul are important elements that distinguish this study from other
similar studies. In this study, the dynamics specific to Tiirkiye’s cement sector will be discussed in
detail.

Finally, the data set and analysis methods used in this study also make a unique contribution. The
data set, covering the years 2014-2023, will allow strategic inferences to be made for possible future
crisis situations, as it includes the pandemic period and its aftermath. In this context, this study will
provide a better understanding of the factors affecting the capital structure of cement companies and
provide a new perspective to the literature.

3. DATASET and METHOD

This study, which analyzes the capital structure of cement companies traded in Borsa Istanbul
(BIST), investigates the data of 13 companies in the sector in the 2014-2023 period using the panel
data analysis method. Information about the variables used in the study is presented in Table 1.

Table 1. Variables Used in the Study

Variables Calculation

LVR Total Liabilities/Total Assets

SIZE Logarithm of Total Assets

CUR Current Assets / Short-Term Liabilities
ROA Net Profit/Total Assets

TFA Tangible Assets/Total Assets

CAT Current Assets/Total Assets

In the study, panel data analysis was used to analyze the factors affecting the capital structure of
cement companies. Model number 1 below was used to determine the relationship between variables
in the relevant analyses.

LVRy = Bo + B1SIZE; 4B, CUR;, + B3 ROA; + BuTFA; + BsCATy + &1 + pie(1)
The subscript “i”” in Equation 1 refers to the cement companies used in the study as 1,2,3,....26, and
the subscript “t” refers to the period range of the study as 2014-2023. LVR shows the change in the
capital structure of cement company “i” at time “t”. “f,” is the fixed parameter of the model, SIZE
is the company size, CUR is the current ratio of the companies, ROA is the return on assets of the
companies, TFA is the tangible assets/total assets ratio of the companies and finally CAT is the
current assets/total assets of the companies. represents the rate. In addition, “g;,” in the model refers
to the stochastic error term and finally “u;,” refers to the error component occurring according to unit
or time.
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3.1. Findings
In this part of the study, the analysis results obtained using panel data models are presented.
Descriptive statistics of the variables used in the study are given in Table 2.

Table 2. Descriptive Statistics

Variable Obs. Mean Median Max Min. Std. Dev. Skew. Kurt.

LVR 130 42,94 3831 53,72 927 21,08 0,66 2,75
SIZE 130 9,06 912 10,58 7,73 0,61 -0,06 2,89
CUR 130 1,71 1,44 486 0,15 1,04 1,03 3,41
ROA 130 0,08 0,07 040 0,00 0,08 1,18 4,44
TFA 130 3997 3856 7415 6,05 17,05 0,09 2,11
CAT 130 0,42 0,39 0,88 0,11 0,18 0,63 2,71

Table 3 shows the correlation table between the dependent and independent variables used in the
study. According to the results, there is a negative relationship between the LVR variable and the
CUR, ROA, TFA and CAT variables. In other words, the fact that the debts of cement companies are
increasing means that the companies' current ratio, return on equity, tangible asset level and current
asset level decrease. When the results in Table 3 are examined, it is seen that the highest correlation
between the variables is -69% between LVR and CUR.

Table 3. Correlation Analysis

LVR SIZE CUR ROA TFA CAT
LVR 1,0000
SIZE 0,0534 1,0000
CUR -0,6847 -0,1584 1,0000
ROA -0,4930 0,3327 0,3238 1,0000
TFA -0,0999 -0,2231 0,4594 0,1766 1.0000
CAT 0,3342 0.1156 -0,3614 -0,3882 -0,6791 1.0000

Unit root tests are critical to determine whether data are stationary in time series analysis. Stationarity
refers to the situation where the statistical properties of a time series, such as mean and variance, do
not change over time. In non-stationary series, these statistical properties change over time, and this
may negatively affect the accuracy of analyzes and predictions (Gujarati, 2003). Additionally,
spurious regression problems arise when non-stationary time series are subjected to regression
analysis; these problems can lead to misleading results (Granger & Newbold, 1974: 116). Therefore,
unit root tests are necessary to determine whether the series are stationary or not.

Additionally, unit root tests are also used to analyze long-run equilibria of time series data and their
responses to economic shocks. While stationary series tend to return to their mean value in the long
run, non-stationary series may deviate from their long-term trends; this is important for understanding
the long-term effects of economic policies and shocks (Nelson & Plosser, 1982: 159). Therefore, unit
root tests are a critical tool to obtain accurate and reliable results in time series analysis. In Table 4,
the unit root test of the variables was investigated with the Philips-Perron unit root test (Philips &
Perron, 1988: 340). According to the results in Table 4, it is seen that all variables are stationary at
first difference.
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Table 4. Unit Root Tests (Philips-Perron)

At First
Difference

LVR SIZE CUR ROA TFA CAT
t-Statistic 0.7912  0.7053  0.0674 0.9277 0.0444 0.2428

With Constant Prob. 0.0000  0.0000 0.0000 0.0000 0.0000 0.0001
kkk skoksk sksksk kkk skoksk kksk
t-Statistic ~ 0.7787  0.8899  0.0108  0.9979  0.0483  0.3071
With Constant & Trend  prgp. 0.0000  0.0002 0.0000 0.0000 0.0000 0.0010
kkok sksksk sksksk Kk sksksk sksksk
t-Statistic ~ 0.1457  0.7671  0.0113 02925 0.0035 0.0564

Without Constant &
Trend Prob. 0.0009  0.0004 0.0000 0.0000 0.0000 0.0030
kkck kkk keksk kkck kkk kkk

In the study, the Robust Least Squares estimator, which is a method resistant to the cross-section
dependence and auto-correlation problems identified as a result of assumption tests, was used (Kog
& Akdeniz, 2008: 77; Ece, 2018: 315; Kesebir & Yildirim, 2019: 1585). Within the scope of the
study, 2014-2023 cement company data were analyzed and the results are presented in Table 5 below.

In Table 5, the factors affecting the capital structure of cement companies are examined using the
Robust Least Squares method. While applying Robust Least Squares analysis, Huber (1973)’s M-
Estimation method were used. Outliers were detected only in the independent variables in the study.
According to the results, there is a negative relationship between LVR and CUR and ROA variables,
and a positive and significant relationship between SIZE, TFA and CAT variables (p<0.05). In other
words, increasing the current ratio and return on asset ratio of companies in the energy sector reduces
the use of liabilities in assets. On the other hand, increasing company size and the ratio of current
assets within total assets increases the use of liabilities. Finally, 61.49% of the capital structure of
companies operating in the cement sector is explained by the independent variables used in the model.

Table 5. Robust Least Squares Estimator Results

Variable Coefficient Std. Error z-Statistic Prob.
SIZE 3740722,00 0.676958 5525781,00 0.0000

CUR -1542249,00 1107495,00 -1392556,00 0.0000

ROA -5774141,00 1485910,00 -3885929,00 0.0001

TFA 0.631168 0.079255 7963780,00 0.0000

CAT 3284000,00 7898268,00 4157874,00 0.0000

Robust Statistics

R-squared 0.614944  Adjusted R-squared 0.602622
Rw-squared 0.743874  Adjust Rw-squared 0.743874
Akaike info criterion 1125639,00 Schwarz criterion 1303191,00
Deviance 15014.06 Scale 1190239,00
Rn-squared statistic 2131948,00  Prob(Rn-squared stat.) 0.000000
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5. CONCLUSION

Analysis of capital structures of cement companies is very important to understand the financial
soundness and sustainability of companies. On the other hand, determining the factors affecting the
capital structures of cement companies will guide both companies and policy makers in making
strategic decisions. This study, which aims to analyze the factors affecting the capital structure of
cement companies, was carried out using the data of 13 cement companies operating in Borsa Istanbul
between 2014 and 2023. In the study, the factors affecting the capital structure of the cement sector
were examined in detail.

According to the results obtained from the study, it was determined that the capital structure of
cement companies was negatively affected by the current ratio and asset profitability ratio variables,
while the company size, tangible assets/total assets and current assets/total assets variables were
positively affected. The current ratio, which is one of the important factors that determine the capital
structure of companies, expresses the liquidity situation of companies and affects their borrowing
tendencies. In order to manage liquidity effectively, it is important for cement companies to maintain
a certain current ratio level. In this regard, regulators can help companies manage their short-term
debt by introducing liquidity standards. Additionally, companies can be encouraged to increase
financial stability by providing training and consultancy services on liquidity management.

Return on assets ratio is another important factor that shows how effectively companies use their
assets. Companies with high return on assets generally need less debt. Therefore, cement companies
should be encouraged to adopt strategies that increase their profitability. They can be supported to
invest in innovative and efficiency-enhancing projects through tax incentives and subsidies. At the
same time, increasing government support for R&D activities can enable companies to remain
competitive and profitable in the long term.

In order to control the financial risks that high debt brings, companies may need to monitor their
borrowing policies more strictly under the supervision of regulatory institutions. In this context, it
may be considered to determine upper limits on borrowing rates and to introduce additional
regulations in case these limits are exceeded. Policy recommendations and strategies should be
developed by taking into account the financial risks as well as the opportunities brought by this
situation. It is of great importance for the long-term financial soundness of the cement industry that
regulatory institutions, investors and company managers make conscious and sustainable decisions
by taking these dynamics into account.

The tangible assets/total assets ratio shows how efficiently companies use their assets. Companies
with a high ratio of tangible assets can reduce their need for debt by using their assets effectively. In
this regard, tax advantages that encourage companies' investments in tangible assets can be provided.
At the same time, the development of asset management strategies can be supported by providing
training programs and consultancy services so that companies can use their assets more efficiently.

As a result, cement companies need to take strategic steps in liquidity management, increasing
profitability, operational efficiency and asset management in order to improve their capital structures.
Investors, managers and other relevant stakeholders can make more informed and sustainable
decisions by taking these financial indicators into account. These steps are of great importance for
the financial soundness and sustainability of the cement industry. When the results obtained from the
study were compared with the results of similar studies in the literature, Delcoure (2007), Thippayana
(2014) and Alipour et al. (2017) appears to be similar to the results obtained from their study. This
result can be expressed as the current ratio of companies has a greater impact on the capital structure
during the pandemic period.
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1. INTRODUCTION

The fundamentals of “Modern Portfolio Theory” were established by Harry Markowitz, whose book
“Portfolio Management” suggested that return and risk should be considered together while making
investments. Markowitz argues that the standard deviation of historical returns is the only
quantitative measure of risk, suggesting that investors should base their decisions on projected return
and risk under the presumption that the securities market is efficient and that investors are rational.
New hypotheses on the variables influencing stock prices and how stock prices are determined were
created in the 1960s and 1970s due to the acceptance of this theory. The premise that “the market is
efficient” is central to these ideas.

The Efficient Markets Hypothesis, first proposed by Fama in 1970, states that the stock price
represents the information available to all parties. It is further said that this hypothesis holds for all
markets, not only the stock market. Presuming rationality among investors, it seems unlikely that
securities prices can be accurately predicted. Nevertheless, empirical research carried out in
accordance with the demands of the emerging market has led to the emergence of behavioral patterns
aiming at abnormal returns with Behavioral Finance. This field is predicated on the theory of
expectation and where value is prioritized over expected benefit. This allows the irrational
perspective to be effective in financial decisions. The security prices of the information delivered to
the markets are presumed to take into account a number of impacts known as anomalies, in addition
to the psychological choices and cognitive biases of the market participant. These anomalies could
combine with the constraints placed on an investment profile by belief systems inside the context of
the psychology of the individual investor. In a nutshell, the investor must make decisions by selecting
the best course of action from a range of options and making use of the possibilities at hand to
accomplish the goal. Optimization is the process of achieving the optimal outcome given the
previously specified options. In the framework of the highest expected return and least risk,
optimization may be done using a variety of mathematical expressions with classical approaches. On
the other hand, an artificial intelligence model equipped with optimization techniques may solve
more complicated issues and streamline procedures.

Key topics that influence significant fields of science and technology in the modern era include
artificial intelligence and optimization. Finding the optimal option for the most effective use of
resources is the goal of the mathematical field of optimization. The endeavor to provide computer
systems intelligence and learning capacities akin to those of humans is known as artificial
intelligence. In finance, like in every other field, optimization and artificial intelligence are widely
recognized. Forecasting, categorization, and optimization applications commonly employ artificial
intelligence applications because of its capacity to provide issue solutions and handle and analyze
bigger data sets more quickly than with traditional methods.

The primary goal of the research, conducted within the framework of this theoretical framework, is
to compare an artificial neural network-based hybrid model developed with genetic algorithm
optimization to the factors influencing the portfolios created with both traditional and Islamic
perspectives. This comparison is carried out both within themselves and in the context of a behavioral
approach. These factors were obtained from the five-factor model proposed by Fama and French
(2015). The evaluation's findings will highlight whether investor groups who make decisions based
on their religious beliefs and those that behave rationally differ in terms of the best portfolio selection.
By employing the conventional technique that combined with accounting and market-based
variables, the results, in particular, show the validity of the Fama and French Five-Factor Model in
BIST All and BIST Participation Index. Ultimately, effective models are articulated by taking into
account the suitable gene parameters for every one of the 36 portfolios created depending on the
primary goal of the research. Since no research has compared artificial neural networks, genetic
algorithms, and the FF5F model to design an optimum portfolio with a behavioral structure, this
research is anticipated to close a significant gap in the literature. By highlighting the differences
between the models, this research will simultaneously assist the decision maker in making a clearer
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choice and direct them toward the best option in accordance with risk preferences.

In accordance with the research’s structure, the literature on the study’s theoretical and empirical
methods is provided initially, followed by a discussion of the hybrid model’s methodology and its
application to the Fama-French Five Factor Model. Finally, interpretations and evaluations of the
empirical outcomesare provided, together with conventional and Islamic perspectives on suggestions
for an Al-supported hybrid model.

2. LITERATURE REVIEW

Empirical research on capital asset pricing models has been more significant with the development
of modern portfolio theory. Estimating risk and anticipated return requires creating an ideal portfolio
using the mean-variance model and Markowitz diversification. When building the ideal portfolio,
artificial intelligence applications are being used more often in addition to capital asset pricing
models. According to the goals of the research, artificial intelligence-based optimisation applications
are incorporated in addition to the conventional pricing methods that are employed in the literature
for optimal portfolio development.

Sharpe (1964) describes the portfolio analysis approach and its benefits in systematically analyzing
the relationship between securities, drawing on Markowitz’s (1952) work on the optimal portfolio,
or minimal risk and highest expected return. His findings led him to the conclusion that the
Markowitz approach is a great option for analyzing the connections between securities. Similarly,
Vercher, Bermudez, and Segura (2007) emphasize that the mean-variance model is the optimal
technique in their research that aims to offer a fuzzy downside risk approach to handle portfolio
selection problems within the framework of risk-return trade-off utilizing interval-valued
expectations. However, Markowitz’s mean-variance model has been criticized by Kaczmarek,
Dymova, and Sevastjanov (2020), who contend that the model does not adequately capture portfolio
risk. The results of the research assert that the interval and fuzzy portfolio selection methodology
yields higher optimum portfolio building outcomes than standard approaches that are widely used
for portfolio selection in fuzzy environments. Examining the matter from an alternative angle, Hanif
(2011) finds that equity pricing models are likewise appropriate in the Sharia financial system and
tests whether conventional asset pricing models are incompatible with it. Banz (1981) discovered
that small businesses often had greater risk-adjusted returns than large businesses using the Capital
Asset Pricing Model (CAPM). Comparably, Basu (1983) examined the connection between market
capitalization of companies listed on the NYSE and stock returns. The results indicate that while
small-company NY SE equities seem to yield considerably greater returns than large-company NYSE
stocks, the size advantage almost vanishes when returns are adjusted for variations in risk and
earnings-per-share/share price ratios.

Particle swarm optimization was utilized by Chen and Ye (2004) to automatically find the cluster
center in a random data set. On four synthetic data sets, the research’s findings demonstrated that it
performed better than the conventional cluster analysis technique. Similarly, in an effort to create the
best risky investment portfolios possible, Kendall and Su (2005) created and evaluated the approach
on a range of limited and unconstrained risky investment portfolios. The particle swarm solution
displayed excellent computing efficiency in creating the best risky portfolios, according to the
research. A heuristic approach based on a Hopfield neural network was created by Fernandez and
Gomez (2007) applied to the mean-variance portfolio selection model. Consequently, issue cases
requiring suitable portfolios of diversity with minimal investment risk were examined, and it was
shown that the neural network model provided superior solutions. Lin and Gen (2007) emphasized
that the main goal of portfolio optimization is to maximize anticipated return and minimize portfolio
risk with another model approach. They highlighted the significance of applying the multipart
decision-based genetic algorithm in portfolio optimization issues. In this approach, they discovered
that, in comparison to standard models, the portfolios generated by genetic algorithms using the data
of companies included in the NASDAQ 100 Index produced greater success in reaching the optimal
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value. Similarly, Durmuskaya and Garayev (2017) created three periods throughout the crisis times
in order to incorporate the closing data of 21 equities traded in BIST 30 Index between 2004 and
2016. The goal of the research's genetic algorithmic approach was to maximize expected return while
minimizing risk in order to construct a portfolio. Based on the findings, they classified the years
2004-2007 as the pre-crisis period and came to the view that the portfolio was formed with a risk
coefficient of 0.22 and a return coefficient of 0.29; the years 2008-2011 as the crisis period and the
outcome that the optimal portfolio was formed with a risk coefficient of 0.025 and a return coefficient
0f'0.034; and the portfolio formed for the years 2012-2016 as the post-crisis period was recommended
as the most optimal portfolio by the aforementioned model.

The three-factor asset pricing model proposed by Fama and French (1993) is tested with the market
risk (rm-rf), SML and HML factors of NASDAQ NSYE, Amex Indices. The expected returns of 25
portfolios between 1963-1991 are calculated by time series regression method. The analyses revealed
that the model outperformed the CAPM. Following this study, Sembiring (2018) aimed to test the
ability of the Fama and French Three-Factor Model and the Fama and French Five-Factor Model to
explain portfolio returns under market overreaction conditions in the Indonesian Stock Exchange.
The research also employed the GARCH econometric model, which was simulated employing
monthly data from July 2005 to December 2015. The results of this research indicate that, when the
GARCH model is used, profitability (RMW) and investment (CMA) factors have a negative impact
on returns, whereas company size (SMB) and firm value (HML) may adequately explain the winning
and losing portfolio returns. The Fama-French Three-Factor Model was assessed in the Participation
30 Index for the years 2011-2017 by Comlekgi and Sondemir (2019). Regression analysis was used
to determine if the Fama-French Three-Factor Model was valid for the 25 stocks that had positive
equity and were continually listed in the Participation 30 Index between the years under
consideration. Kutlu and Kalayc1 (2020), on the other hand, used 156 monthly pricing data from 2003
to 2015 to evaluate the French Three-Factor Model and the Fama in BIST 100. Regression analysis
and time series analysis yielded results that exhibited a positive and statistically significant
association between market risk premium, company size, and abnormal returns in the portfolio. Cao,
Leggio and Schniedes (2005) made a comparison of forecasts and predicted the movement of stock
prices of companies listed on the Shanghai Stock Exchange using the Artificial Neural Networks
approach and the Fama French Three-Factor Model. The results demonstrate how a basic univariate
model outperforms a multivariate model in return prediction, and that investors may enhance their
forecasting ability in stock selection by utilizing the Artificial Neural Networks model.

Five-factor asset pricing model was first presented by Fama and French (2015) in their paper “A
Five-Factor Asset Pricing Model”. Shortly after, research on this paradigm began to appear in the
literature. Fama and French proposed that academics include variables related to investment and
profitability in the Five-Factor Model. With regard to the Johannesburg Stock Exchange (JSE)
returns from 1991 to 2017, Cox and Britten (2019) sought to evaluate how well the Fama and French
Five Factor Model explained those returns. Because profitability is more constant than investment,
it is inferred that both variables contribute to the explanation of the JSE’s returns.

The purpose of Acaravel and Karadmer (2018) was to evaluate the Fama-French Factor and CAPM
models’ performance in Borsa Istanbul (BIST) from 2005 to 2016. The GRS-F test, which was used
to assess performance, revealed that the only Fama-French Factor Models with price inaccuracy were
CAPM. Fama-French Factor Models are, in fact, shown to be viable in BIST. Aras et al. (2018)
examined the efficacy of multi-factor Fama-French models in a similar manner. The FF3F model
outperformed the single-factor CAPM, the FF5F model exceeded the FF3F and other four-factor
models, and the FF3F model outperformed other alternative three-factor models, according to the
application on Borsa Istanbul. Kaya (2021) aimed to figure out the validity of the CAPM, Fama and
French Three-Factor Model, and Fama and French Five-Factor Model in BIST 100 from 2005 to
2017 from the same standpoint. The comparison revealed that the French Five-Factor Model, together
with the Fama model, was the best-performing model. Conversely, Zeren et al. (2018) sought to
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examine the applicability of the Fama-French Five-Factor Model for eighteen firms that were part of
the BIST Sustainability Index from 1995 to 2017. It was determined that the BIST Sustainability
Index does not accept the Fama-French Five-Factor Model. Furthermore, the Fama and French Six-
Factor Models were examined by companies listed at Borsa Istanbul between 2013 and 2021 by
Dogan, Kevser, and Leyli Demirel (2022). A total of 9504 portfolios were constructed and
incorporated into the model that was expanded to include the momentum element. The results of the
research established the validity of the six-factor model in Borsa Istanbul.

The benefits and drawbacks of Verdegay, Zimmermann, and Werners’ methodologies were
highlighted in Pelitli’s (2017) master's thesis in the areas of portfolio selection, implementation, and
optimization using fuzzy linear programming. After the portfolios were examined, it was determined
that using Werners' and Zimmermann's methods in tandem produced superior outcomes. Liu (2011)
addresses the issue of fuzzy portfolio optimisation, in which the asset returns are denoted by fuzzy
data. The mean-absolute deviation risk function model is employed as a solution strategy for the
fuzzy portfolio optimisation problem. The analysis's results validate the idea that an investor might
potentially earn more money the more risk they are prepared to take. Elahi and Abd Aziz (2011) seek
to enhance Shariah-compliant portfolio optimization techniques by using a novel fuzzy model. In
order to use fuzzy environments to Shariah-compliant portfolio optimization, they therefore
suggested an E-S model with a linear combination of risk and reward. In the context of Islamic
finance, Abdelwahed and Trabelsi (2021) seek to provide a novel fuzzy theory-based approach for
the portfolio selection problem. The fuzzy expectation-dispersion-distortion model is a novel fuzzy
(Shariah-compliant) portfolio optimization issue that Abdelwahed and Trabelsi (2021) develop and
examine if there is an optimal solution. In a fuzzy environment where rates of return and turnover
rates are characterized by fuzzy variables, Liu and Zhang (2013) intended to present a multi-objective
portfolio optimization problem for practical portfolio selection. Taking market and liquidity risk into
account, they used two probabilistic mean-variance portfolio optimization models. To sum up, a
numerical example is provided to demonstrate how the models are applied, and the compared results
illustrate that the suggested models cannot be solved by the devised method.

Ma (2023) aimed to put forward various routing strategies and multi-population parallel strategies
with the method of improved particle swarm optimisation algorithm, which is the best mutation
algorithm in his study. Based on China's financial early warning research, this paper learnt the actual
economic and property situation of listed enterprises in China, especially the non-financial indicators
and data mining research, thus proposed early warning financial information of listed enterprises,
combined with important theoretical and practical knowledge. In addition, Yan (2023) conducts a
methodical analysis of the financial asset allocation theory in his research. In order to create a
dynamic financial trading platform, he bases his proposal on three new mathematical models: game
theory based on particle swarm optimization algorithm, FCM, and PFG technology. The results of
the empirical investigations indicate that the TSVL-DPM model is the most effective at predicting
asset allocation. In order to enhance neural networks' capacity for financial time series forecasting,
Hao et al. (2023) introduced a novel stock forecasting model called APSO-TA-LSTM, which
combines temporal attention and adaptive particle swarm optimization with LSTM. By means of a
comparison study with similar forecasting models, the experimental findings demonstrate that the
APSO-TA-LSTM stock price forecasting model has competitive forecasting accuracy and wide
application to various stock datasets.

3. DATA AND METHODOLOGY

By examining the quarterly data in the BIST All and BIST Participation 50 Indices from 2014 to
2021, this research attempts to identify which of the five factors that combined with accounting and
market-based variables proposed by Fama and French (2015) is beneficial in whatever kind of
portfolio. At this point of view, a thorough testing process has been conducted to determine which
elements yield more effective outcomes in certain portfolio types for a hybrid model based on
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artificial neural networks and genetic algorithm optimization. The investigation also highlights
potential disparities in the impact of the portfolios built from the Islamic and conventional views. For
each portfolio, a hybrid model incorporating genetic algorithm-based hyperparameter optimizations
and neural networks is finally suggested in this research. The only goal here is to provide market
players with options for hybrid models that they may employ in conjunction with the generated
model, while also revealing the elements impacting portfolios from various angles over the available
data. It should be mentioned that classic Fama and French factor model analyses are also taken into
consideration in order to create a comparison and add to the literature in this regard, in addition to
the hybrid model construction at the research's focal point. The following are the hypotheses that
were developed throughout the examination for this purpose:

Ho: The factors influencing the chosen portfolios are not distinct from one another.
Hi: The factors influencing the chosen portfolios differ from one another.

In addition, sub-hypotheses that support the main hypotheses formed in line with this main objective
have been formed. These are:

Hoa: Fama and French Five-Factor Model is not valid for BIST All Share Index.

Hob: Fama and French Five-Factor Model is not valid for BIST Participation 50 Index.
Hi.: Fama and French Five-Factor Model is valid for the BIST All Share Index.

Hiy: Fama and French Five-Factor Model is valid for the BIST Participation 50 Index.

Hoc: For both indices, there is no difference in the gene parameters that should be used in the hybrid
model applied between the portfolios considered.

Hi.: For both indices, there is a difference in the gene parameters that should be used in the hybrid
model applied between the portfolios considered.

Testing hypotheses Hoc and H;. is anticipated to be more crucial in the analyses carried out for the
research in order to determine any potential differences in the portfolios formed with the conventional
and Islamic perspectives presented in the analyses performed for the purpose of the research, and the
research is furthered in this context.

3.1. Fama and French Five Factor Methodology

The Capital Asset Pricing Model (CAPM) uses historical data on average returns for different asset
classes to focus on historical average returns. In light of this, it is possible to argue that the CAPM
was created to explain why different assets have different risk premiums. Variations in the riskiness
of asset returns are the cause of these discrepancies. According to the model, beta is the appropriate
riskiness metric. The Capital Asset Pricing Model (CAPM) calculates the predicted risk premium for
an asset based on its beta and risk-free rate (Jagannathan and McGrattan, 1995). In addition to size
and value considerations, Fama and French (2015) indicate that investment and profitability factors
may also be useful in understanding the variation in the return above the risk-free interest rate. The
five-factor model was formulated as follows by Fama and French (2015):

Ryt — Rpr = a; + b;(Ry: — Rpy) + 5;SMB; + h, HML; + r;RMW +¢;CMA, + e;; (D
These factors can be explained as follows (Fama & French, 2015):

Ri= portfolio return at time t,

Rg¢= risk-free return at time t,

Rwme-Re= The difference between the market return and the risk-free interest rate, also referred to as
the market risk premium at time t,
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SMB= The return difference between the portfolios composed of stocks with small and large market
capitalisation at time t,

HML= The return difference of the portfolios composed of stocks with high and low PD/DD ratios
at time t,

RMW = The return difference of the portfolios composed of stocks with strong and weak profitability
at time t,

CMA= It expresses the return difference of the portfolios composed of stocks with conservative and
aggressive investment approach at time t.

In the research conducted by Fama and French (2015), the factors were prioritized by taking into
account their median values for the 2x3 form employed in the Five-Factor Model while creating
portfolios. Two groups of the size factor (SMB) were created, and intersecting portfolios with the
other factor were assembled. First, the value factor (HML) ranking requirements were followed to
produce the portfolios for SH, SN, SL, BH, BN, and BL. Then, portfolios for the profitability (RMW)
factor were created for SR, SN (SM), SW, BR, BN (BM) and BW. Ultimately, 18 portfolios, totaling
540 portfolios for each quarter and 1080 portfolios overall for both indexes, were created for the
investment (CMA) component. These portfolios included SC, SN (SM-), SA, BC, BN (BM-), and
BA. The average returns of the created portfolios above the risk-free interest rate were taken into
account to calculate the SMB, HML, CMA, and RMW values for each period. Also, the intercept
coefficient ai is zero for all securities and i portfolios, while the coefficients b;, si, hi, ri, and ¢; in
Model 1 capture all variance in anticipated returns (Fama and French, 2015).

3.2. Artificial Neural Network Based Hybrid Model Generated by Genetic Algorithm
Optimisation

The 1940s Artificial Neural Cell Model, inspired by the structure of organic nerve cells, demonstrated
that logic operations like “and, or, not” could be numerically modeled. As a result, studies in a variety
of domains now frequently focus on Artificial Neural Networks (ANN) models, which function
similarly to the biological nervous system. ANN properties are distinct from those of conventional
information processing models (Sen, 2004). Given that artificial neural networks (ANN) are
employed to address problems in a variety of fields, including learning, association, classification,
generalization, feature determination, and optimization, it is evident that ANNs are capable of
producing answers to a wide range of contemporary issues. In theory, the most fundamental objective
of an artificial neural network (ANN) is to identify an output set that can match to an input set
displayed to it when it is trained with instances of network-related events and given the capacity to
generalize (Oztemel, 2012). Hence, the most precise definition of an artificial neural network (ANN)
is a structure that was created by modeling the human brain, featuring neural cell processing
components and having the ability to process data distributedly and in parallel (Y1lmaz, 2022).

Bias
Inputs Weights bj

Activation Function

Xz ———> Net Input
net

Output
——» Y

Figure 1. Neuron Structure
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for the data network coming to each neuron cell is multiplied by the weights determined by the
network. The results obtained are sent to the summation function in the neuron, where the bias value
is added to the values summed with each other. The bias value allows the activation function to be
shifted. By adding the bias value, a net input is obtained for the neuron. The net input value obtained
for the neuron is passed through the activation function and the net output is obtained for that neuron
cell (Biilbiil et al., 2022).

INPUT LAYER HIDDEN LAYERS h QUTPUT LAYER

Inputs

Figure 2 Artificial Neural Network Structure

Figure 2 demonstrates a feed-forward back-propagation ANN construction. An artificial neural
network model with feed-forward and backpropagation is planned applying the desired optimal
model. The input layer's inputs serve as the subsequent layer's input data. As a result, the artificial
neural network's performance and efficiency are significantly influenced by the number of layers and
neurons. Artificial neural networks employ activation functions at every layer (Biilbiil & Oztiirk,
2021).

The University of Michigan’s Jonh Holland et al. (1975) conducted the first development of the
research, which was later formalized in the book “Adaptation in Natural and Artificial System”. As
per the findings of the research, the Genetic Algorithm (GA) technique is employed to tackle very
challenging issues that conventional optimisation approaches are unable to effectively address. The
most appropriate one in an individual is carried over into later generations, according to genetic
theory, which impacts problem resolution. Character binary sequences that match to chromosomes
make up the population that makes up every generation. To put it another way, GA explores the
solution space of a problem by beginning with a population of randomly generated solutions known
as candidates. A fixed number of individuals or solutions make up the first candidate set, and each is
represented by a genetic sequence with changeable information (Yang, 2016; Jaiswalet al., 2019).

Complex optimization issues are solved employing GA technology, which first finds random starting
solutions to the problems. Better performing solutions are then generated by matching these solutions
with one another. In this manner, the ongoing solutions are combined to seek for new ones. This
procedure is repeated until the optimal outcome is achieved and it is agreed upon that it should be
inherited by the subsequent solution and applied to the new solutions found in the first solutions.
According to Oztemel (2012) the components of genetic algorithms are chromosome and gene,
solution pool, crossover, mutation, and fitness function.
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4. FINDINGS

With a hybrid model based on Artificial Neural Network generated by Genetic Algorithm
optimisation using quarterly data between 2014 and 2021, the goal of the research is to determine
which of the five criteria defined by Fama and French (2015) provide more effective outcomes in
which sorts of portfolios. Additionally, the research highlights the potential distinctions between the
elements influencing the portfolios created from the traditional and Islamic viewpoints. This
component of the research first examinations, employing the traditional technique, the validity of the
French Five-Factor model and Fama model applied to both participation and conventional stock
market indexes. Subsequently, portfolios generated applying the French Five Factor Model and Fama
criteria are subjected to an Artificial Neural Network based hybrid model through the use of Genetic
Algorithm Optimization.

4.1. Fama and French Five-Factor Model Findings

The 159 firms in the Borsa Istanbul All Index that were left out of the financial sector because of
their high leverage ratios, firms with negative equity values, and firms that had no data continuity
from the data set were evaluated in the first step of the application phase of the Fama and French
Five-Factor Model. A reexamination of the companies listed in the Borsa Istanbul Participation 50
Index was carried out. Applying the same procedure to the eliminations resulted in the inclusion of
29 out of 50 enterprises in the Borsa Istanbul Participation 50 Index data set. The HML (High Minus
Low) variable, or firm value, is calculated as the ratio of market value to book value (PD/BV). By
considering the total assets of the businesses, the investment component CMA (Conservative Minus
Aggressive) is incorporated in the study. The profitability measure, known as RMW (Robust Minus
Weak), was derived by dividing the EBIT by the total assets. Lastly, since there are no risks
associated with non-repayment, liquidity, maturity, or reinvestment in the ri-rf nominal interest rate,
government domestic debt securities (GDDS) were included in the computation of the portfolio
returns that exceed the risk-free interest rate (Sayilgan, 2019).

To begin with, the research employs datastream and Finnet programs to acquire company data for
both indexes. Subsequently, quarterly variables were obtained from company data separately for each
index. Using the variables obtained, the median of the calculated quarterly returns of the firms and
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the median of the SMB variable were taken and divided into two groups. Then, based on their median
returns, the HML, RMW, and CMA variables were split into portfolios of 30%,40%, and 30%.
Afterwards, permutations between the SMB variable and every other variable were created to create
portfolios. Every quarter, this procedure was used. For each period, the SBM, HML, CMA, RMW,
and ri-rf variables were derived using the average returns from the constructed portfolios. In addition,
the data set for every quarter includes the rm-rf variable that was calculated from the BIST 100
market portfolio.

Initially, the average returns, descriptive statistics, and correlations of the portfolios produced from
both BIST All and BIST Participation 50 Index of 18 distinct portfolios were examined in order to
assess the validity of these factors in BIST All and BIST Participation 50 Index. As the Durbin
Watson result from the test was higher than the necessary threshold, OLS tests were performed
throughout the remainder of the investigation, and the Prais-Weinstein test was used to alleviate the
autocorrelation problem. Panel Data Analysis was employed to examine how the determinants
affected the created portfolio returns over the risk-free interest rate. Hausman tests, the Breusch
Pagan Test, and the panel data model selection criteria F (chow) were then used. After applying the
random effect model to the findings, it was possible to examine how the independent factors affected
the dependent variable. It is investigated whether there is an issue with variance variation,
autocorrelation, and inter-unit correlation using the fundamental presumptions associated with panel
data models. Ultimately, autocorrelation and inter-unit correlation issues were found, and robust
estimators were used to complete the examination.

Table 1 in the Appendix displays the average returns of the portfolios that make up the BIST All and
BIST Participation Index. Analyzing the table reveals that the outcomes of the Fama and French
(2015) research demonstrate the size effect, which indicates that companies with smaller market
capitalization might offer better average returns than companies with larger market capitalization.
Therefore, the firm size impact found by Banz (1981) and Fama and French (2015) is revealed by
the data obtained for both indices. Due to the research's low correlation between its independent
variables, multicollinearity and spurious regression issues may be avoided in the model (Dogan et
al., 2022). Because of the limited temporal dimension in the data set, stationarity analysis was not
performed in accordance with Yerdelen Tatoglu (2018a).

The Pooled OLS test is utilized to investigate the impact of the parameters of the model on the created
portfolios. Given that it is usually accepted to be the strongest test against first-order autocorrelation,
the Durbin-Watson (1950) outcome should fall between 1.5 and 2.5 when being used to measure
autocorrelation (Oztiirk 2006; Bartels and Goodhew, 1981). Autocorrelation in the series was found
by the Durbin-Watson test conducted in the research. Because of this, the identified autocorrelation
was eliminated using the Prais-Winsten (1954) test. According to research, this test works well and
is repeated using the sum of error squares that minimizes the estimation of the autocorrelation
coefficient (Park & Mitchell, 1980; Bottomley, Ooko, Gasparrini, & Keogh, 2023). Tables 2 and 3
in the Appendix display the Prais-Weinsten test results of the portfolios created inside the indices
within the context of this structure. Upon analysis of all Prais-Weinsten test findings, it becomes
apparent that there is a substantial difference between the BIST All and BIST Participation 50 Index
scores. In portfolios built using the conventional viewpoint, the rm-rf and hml factors are effective,
whereas in portfolios made using the Islamic perspective, the rm-rf, smb, rmw, and cma factors are
effective at various levels. When all of the results are analyzed, it becomes clear that, while there is
a general difference in the factor efficiency of the factors chosen on the portfolios created by
considering various criteria from the traditional and Islamic perspectives, one of the research's main
hypotheses, hypothesis Hy, is rejected, and hypothesis H; is accepted.

To provide light on the potential impacts of the elements used in the Five-Factor Model on the BIST
All and BIST Participation 50 Indexes, Fama and French generally also carried out a panel data
analysis as part of the research. In this case, it was determined which model was more suited for
which index within the framework of panel data model selection criteria after descriptive statistics
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and correlation analysis were completed for both indices. For both indexes, fundamental assumption
tests were used to evaluate the findings' validity. The research efforts were finished by choosing the
suitable robust estimator in order to yield more valid results, in accordance with the findings.
Descriptive statistics and correlation matrix of these indices are presented in the appendix. When the
results are analysed, it does not constitute a risk since it is below the critical value of 0.80 suggested
by Gujarati and Porter (2009). The results shown in the correlation matrix table, which shows the
relationship between the dependent and independent variables and the direction of their relationship,
do not pose any risk since the correlation coefficients between the independent variables are below
the critical value.

Panel data model selection criteria and assumption tests for model selection to be used in the analysis
are given in Table 4 in the Appendix. When the table in question is examined, Levene, Brown and
Forsythe (1974) tests were applied to determine whether there is a problem of changing variance in
the random effects model and the test statistics (W0, W50, W10) were compared with the free-order
Snedecor F table (Yardelen Tatoglu, 2018b). There is heteroskedasticity in the model for BIST All
Index, while there is no heteroskedasticity for BIST Participation Index. In order to determine the
autocorrelation problem, Bhargava et al. (1982) Durbin Watson test was applied to both indices. No
critical value is given in the literature on these tests, but a value less than 2 is interpreted as an
autocorrelation problem (Yardelen Tatoglu, 2018b). Therefore, the test results of 0.912 and 0.631 for
BIST All and BIST Participation, respectively, indicate that there is an autocorrelation problem.
Baltagi-Wu (1999)’s LBI test results support this. Finally, Frees test was applied to examine the
correlation between units. When the Frees (1995, 2004) test statistic is compared with the critical
values given at 90%, 95% and 99% confidence intervals, the test statistic is greater than the
confidence levels, indicating the presence of inter-unit correlation.

According to the results obtained, it is concluded that the appropriate model is the random effects
model. For this reason, hypothesis Hy was accepted for both indices and the necessity of applying the
random effects model was revealed.

Table 5. Results of Random Effects Model Analysis and Robust Estimator

BIST All Share Index BIST Participation 50 Index
Coeff. Std. Error T Stat. P>t Coeff.Std.Error T Stat. P>t
sml 1.1605 0.3181 3.6500 0.000%**  0.7675 0.4078 1.8800 0.06*
hml 0.3126 0.3258 0.9600 0.3370 -3.0519 0.3070  -9.9400 0.000%**
cma 0.2735 0.4125 0.6600 0.5070 -0.6113 04918 -1.2400 0.2140
mw -2.7462 0.3201 -8.5800 0.000***  -0.4984 0.2193 -2.2700 0.023**
rmrf 0.9645 0.0060 160.8300 0.000***  0.9814 0.0076 129.470 0.000%**
cons 0.0538 0.0127 4.2300 0.000%** -0.0293  0.0098 -3.010 0.003***
Sigma u 0.0000 Sigma u 0.0000
Sigma e 0.1634 Sigma e 0.1952
Rho 0.0000 Rho 0.0000
BIST All BIST Participation 50 Index
Share
Index
Huber FGLS Huber Eicker White Test FGLS
Eicker
White Test
SML 1.1604 2.7958 0.7675476  0.3801
(0.000)*** (0.000)*** (0.0347)**  (0.343)
HML 0.3126 0.2733 -3.051862 -2.894946
(0.000)*** (0.3209 (-3.8594)(0.000)***
CMA 0.2735 2.0920 -0.6112562  -1.1623
(0.000)*** (0.000)*** (-1.3005) (0.019)**
RMW -2.7462 -2.119089 -0.4984367 -0.2589
(0.000)*** (0.000)*** (-0.7140)  (0.214)
RMRF 0.9644 0.9704 0.9814093  0.9790
(0.000)*** (0.000)*** (0.9658)(0.000)***
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BIST All Share Index BIST Participation 50 Index

Coeff. Std. Error T Stat. P>t Coeff.Std.Error T Stat. P>t
sml 1.1605 0.3181 3.6500 0.000%**  0.7675 0.4078 1.8800 0.06*
C 0.0538 0.0235 -0.0293275  -0.0296
(0.000)*** (0.010)*** (-0.0423)(*.000)***

**x ** and * denote significance at 1%, 5% and 10% level, respectively.

The outcomes of the random effects model research indicate that, at the 1% level, the RIRF dependent
variable is significantly and positively affected by the SML and RMRF components in Table 5. At
the 1% level, the RMW factor's influence is also significant and negative. The other two components
additionally exhibit positive impacts, although these benefits are not statistically significant. The
SML factor is significant at the 10% level, the RMRF factor is significant at the 1% level, and both
variables have a positive influence in the BIST Participation 50 Index. It has been noted that the
RMW factor has a 5% negative effect while the HML factor has a 1% negative effect.

The Huber Eicker White test, which was developed by Huber (1976), Eicher (1976), and White
(1980) and makes panel data analysis robust to the heteroskedasticity problem, was employed to
determine the robust standard errors in Table 5. The literature (Vaz de Melo Mendes and Pereira
Céamara Leal, 2005; Perret-Gentil and Victoria-Feser, 2005; Karakog, 2022) proposes estimators that
are resistant to autocorrelation, inter-unit correlation, and shifting variance concerns. Following the
test, it was found that, with the exception of the RMW variable, every variable for the BIST All Index
had an impact on return above the risk-free interest rate at the 1% significance level.

Upon examination of the portfolios generated inside BIST Participation 50, it was discovered that
alone the SML component had statistical significance at the 5% level and exhibited a positive trend.
With the exception of the HML variable in the BIST All Index, all other variables are significant at
the 1% level, according to the findings of the "Feasible Generalised Least Squares Test (FGLS)" used
in the instance of AR(1) correlation between and within units in Table 5. HML, CMA, and RMRF
variables are significant at 1% negative, 5% negative, and 1% positive levels, respectively, when the
BIST Participation 50 Index is analyzed. It is evident that the portfolios created using the two views
differ from one another. Consequently, the primary hypothesis, Ho, is rejected based on the Panel
Data Analysis Model's findings.

Finally, the GRS-F (Gibbons, Ross and Shanken, 1989) test is applied to compare the performance
of asset pricing models. In the study, following Fama and French (2015), it is suggested that the
performance of regression models with low GRS and Alai| and high A(R2) values are optimal (Aras
et al., 2018). As Fama and French (2015) emphasise in their study, capital asset pricing models
provide propositions about expected returns and the models can be rejected as a result of the tests
applied. However, rather than whether other models are rejected or not, it is essential to estimate their
performance evaluated using GRS-F and other statistics. These tests aim to identify the best
performing model for expected returns and are shown in Table 6.
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Table 6. GRS-F Test Results for the Validity of the Five-Factor Model Constructed within the

Scope of BIST All Index
GRS-F Alai A(R?) GRS-F Alai| A(R?)
Panel A: Size - PD/DD Portfolio Panel B: Size-Profitability Portfolio
1 Rm-Rf 3.31%* 0.0976 0.57 1 Rm-Rf  7.53%%* 0.0321 0.58
2 Rm-Rf 1.02 0.0210 0.62 2 Rm-Rf  5.559%%* 0.0209 0.66
SMB SMB
HML HML
(FF3F) (FF3F)
3 Rm-Rf 2.59%* 0.0498 0.36 3 Rm-Rf 1.41%* 0.0498 0.74
SMB SMB
RMW RMW
4 Rm-Rf 2.12% 0.0244 0.72 4 Rm-Rf  6.75%%* 0.0243 0.59
SMB SMB
CMA CMA
5 Rm-Rf 3.06%* 0.0808 0.78 5 Rm-Rf 1.70 0.0808 0.83
HML HML
RMW RMW
6 Rm-Rf 2 0.0182 0.76 6 Rm-Rf  4.28%%* 0.0182 0.62
HML HML
CMA CMA
7 Rm-Rf 3.47%* 0.0650 0.67 7 Rm-Rf 1.58 0.0650 0.78
RMW RMW
CMA CMA
8 Rm-Rf 1.87%%* 0.0527 0.66 8 Rm-Rf 1.33 0.0526 0.71
SMB SMB
HML HML
RMW RMW
9 Rm-Rf 1.42% 0.0200 0.81 9 Rm-Rf  5.07%%* 0.0200 0.64
SMB SMB
HML HML
CMA CMA
10 Rm-Rf 1.72%% 0.0539 0.75 10 Rm-Rf 1.20%* 0.0328 0.76
SMB SMB
HML HML
RMW RMW
CMA CMA
(FF5F) (FF5F)
GRS-F Alail ARY) GRS-F Alail AR?)
1 Rm-Rf 3.22%*
2 Rm-Rf SMB 2.13% 0.0209 0.62 2 Rm-Rf 1.29%%*
HML (FF3F) SMB HML
(FF3F)
3 Rm-Rf SMB 1.47 0.0497 0.71 3  Rm-Rf SMB 2.58%
RMW RMW
4 Rm-Rf SMB 1.85 0.0244 0.69 4 Rm-Rf SMB 1.72
CMA CMA
5 Rm-Rf HML 2.20%* 0.0807 0.81 5 Rm-Rf HML 3.67*%
RMW RMW
6 Rm-Rf HML 1.94%* 0.0181 0.85 6 Rm-Rf HML 1.25
CMA CMA
7 Rm-Rf 1.61 0.0649 0.73 7 Rm-Rf 2.72%
RMW CMA RMW CMA
8 Rm-Rf SMB 1,73 0.0526 0.68 8 Rm-Rf SMB 1.41%*
HML RMW HML RMW
9 Rm-Rf SMB 1.87%* 0.0200 0.63 9 Rm-Rf SMB 1.10%*
HML CMA HML CMA
10 Rm-Rf 1.56%* 0.0338 0.81 10 Rm-Rf SMB 1.35%
SMB HML HML RMW
RMW CMA CMA
(FF5F) (FF5F)

**% *% and * denote significance at 1%, 5% and 10% level, respectively.
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In Panel A of Table 6, where the performance of asset pricing models constructed within the scope
of BIST All Index is measured, significant results are obtained for CAPM at 5% level. According to
the results obtained, GRS-F test result is 3.31, Alai| is 0.0976 and A(R2) value is 0.57. Although
insignificant results were obtained for the FF3F model, a GRS-F result of 1.72 and significant at 5%
level was obtained in the FFSF Model. Alai| result is 0.0539 and A(R2) result is 0.75. When the panel
is analysed, the fact that the four-factor model consisting of Rm-Rf, SMB, HML, CMA variables
yields a GRS-F test result of 1.42, Alai| result of 0.0200 and A(R2) of 0.81 at the 10% significance
level reveals that this model should be considered as the most optimal asset pricing model in the size-
PD/DD ratio portfolio. In Panel B, which shows the results for the Size-Return Portfolio, although
the CAPM and FF3F model results are significant, the 1.20 GRS-F test result, 0.0328 Alai| and 0.76
A(R2) obtained from the FF5F model indicate that the model with the highest explanatory power in
explaining stock returns is FF5F. The results of Panel C, which tests the size-investment portfolio,
again suggest that the explanatory power of the FF5F model is stronger. Finally, in Panel D, the
analysis is applied for 18 intersection portfolios. As a result, the findings suggest that the FF3F model,
which yields lower GRS-F test and Alai| and higher A(R2) results than the others, is optimal.

Table 7. GRS-F Test Results for the Validity of the Five-Factor Model Constructed within the
Scope of BIST Participation Index

GRS-F Alai A(R?) GRS-F Alai| A(R?)
Panel A: Size - PD/DD Portfolio Panel B: Size-Profitability Portfolio
1 Rm-Rf  3.47* 0.0101 0.56 1 Rm-Rf 3.68* 0.0705 0.66
2  Rm-Rf  3.49* 0.0102 0.73 2  Rm-Rf 4.41*  0.0902 0.78
SMB SMB
HML HML
(FF3F) (FF3F)
3 Rm-Rf  2.48* 0.0035 0.65 3  Rm-Rf 2.59%  0.0682 0.71
SMB SMB
RMW RMW
4  Rm-Rf 336  0.0143 0.59 4 Rm-Rf 3.86*  0.0839 0.69
SMB SMB
CMA CMA
5  Rm-Rf 2.44  0.0096 0.72 5  Rm-Rf 395 0.0726 0.61
HML HML
RMW RMW
6 Rm-Rf 3.56 0.0036 0.82 6 Rm-Rf 4.26%  0.0858 0.75
HML HML
CMA CMA
7 Rm-Rf 2.60 0.0102 0.79 7 Rm-Rf 2.28  0.0631 0.68
RMW RMW
CMA CMA
8 Rm-Rf  2.43* 0.0081 0.66 8 Rm-Rf 2.43***  (.0306 0.74
SMB SMB
HML HML
RMW RMW
9 Rm-Rf 1.33*  0.0012 0.61 9 Rm-Rf 298** 0.0779 0.71
SMB SMB
HML HML
CMA CMA
10  Rm-Rf 2.29*%*  0.0100 0.78 10  Rm-Rf 3.40**  0.0507 0.81
SMB SMB
HML HML
RMW RMW
CMA CMA
(FF5F) (FF5F)
GRS-F Alai AR?) GRS-F Alai| AR?)
Panel C: Size - Investment Portfolio Panel D: 18 Cross-Section Portfolio
1 Rm-Rf 4.81 0.0100 0.74 1 Rm-Rf 243 0.0705 0.66
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2 Rm-Rf 3.892* 0.0103 0.62 2 Rm-Rf 1.38* 0.0902 0.78
SMB SMB
HML HML
(FF3F) (FF3F)

3 Rm-Rf 4.96%* 0.0381 0.61 3 Rm-Rf 2.16% 0.0682 0.7l
SMB SMB
RMW RMW

4 Rm-Rf 2.63* 0.0143 0.76 4 Rm-Rf 1.65 0.0839 0.69
SMB SMB
CMA CMA

5 Rm-Rf 372 0.0955 0.79 5 Rm-Rf 3.19 0.0726 0.6l
HML HML
RMW RMW

6 Rm-Rf 4.71% 0.0355 0.64 6 Rm-Rf 221% 0.0858 0.75
HML HML
CMA CMA

7 Rm-Rf 2.71% 0.0101 0.72 7 Rm-Rf  1.08** 00631 0.68
RMW RMW
CMA CMA

8 Rm-Rf  1.90%** 0.0082 0.57 8 Rm-Rf 3.38% 0.0306 0.74
SMB SMB
HML HML
RMW RMW

9 Rm-Rf 1.59%+ 0.0012 0.59 9 Rm-Rf 1.54% 0.0779 0.71
SMB SMB
HML HML
CMA CMA

10 Rm-Rf 2.61% 0.0101 0.76 10 Rm-Rf  1.12%* 00507 0.81
SMB SMB
HML HML
RMW RMW
CMA CMA
(FF5F) (FF5F)

**% *% and * denote significance at 1%, 5% and 10% level, respectively.

In Table 7, the performances of asset pricing models constructed within the scope of BIST
Participation 50 Index are compared. According to the results obtained, the validity of the four-factor
model obtained from Rm-Rf, SMB, HML and CMA factors was determined when the results of the
size-PD/DD ratio portfolio in Panel A and Panel C Size-Investment portfolio were analysed, and the
validity of the four-factor model obtained from Rm-Rf, SMB, HML and RMW variables in Panel B
Size-Profitability Portfolio was determined. Finally, the validity of the three-factor model in which
Rm-Rf, RMW and CMA factors are effective is observed in the findings obtained from the evaluation
of 18 segment portfolios.

When Table 6 and Table 7 are analysed together, significance is found in all CAPM, FF3F, FF5F
models in both BIST All Index and BIST Participation 50 Indexes. Therefore, the validity of all
models in Borsa Istanbul has been tested and significant findings have been reached. When the two
indices are compared, it is observed that the Fama and French Five-Factor regression model has the
highest performance in the size-PD/DD panel. In the size-profitability panel, while the five-factor
model is also valid in the BIST All Index, the four-factor regression model consisting of RMRF,
SMB, HML and RMW factors is accepted in the Participation 50 Index. In another panel, the size-
investment panel, the five-factor model is again valid for the BIST All Index, while the four-factor
model consisting of RMRF, SMB, HML and CMA factors is the most optimally performing model
for the Participation 50 Index. Finally, in the panel consisting of 18 certain portfolios, the three-factor
model is valid in both indices; however, these factors vary. While the Fama and French Three-Factor
model was determined as the optimal model in the BIST All Index, the performance of the regression
model consisting of the factors that make up the five factors, namely the RMRF, RMW and CMA
factors in the Participation 50 Index was found to be superior. As a result, the validity of the Fama
and French Five-Factor model in the BIST All Index and BIST Participation 50 Index has been
proven, and the sub-hypotheses Ho, and Hop, of the study have been rejected. In addition, the findings
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obtained again indicate that the differentiation in the factors that are effective in both the BIST All
Index, which includes the portfolios formed with the traditional perspective, and the BIST
Participation 50 Index, which includes the portfolios formed with the Islamic perspective, points to
the rejection of the main hypothesis Ho.

4.2. Artificial Neural Network Based Hybrid Model Generated by Genetic Algorithm
Optimisation Findings

In order to determine the degree of influence of the aforementioned factors on the portfolios
determined by taking into account different factors, the hybrid model built in this section optimizes
the number of hidden layers, the number of neurons in the hidden layer, the number of hidden layer
activations, the number of neurons in the output layer, and the learning function. For both the BIST
All Index and the BIST Participation Index, eighteen distinct efficient model recommendations for
eighteen distinct portfolios are provided. This might aid in the process of elucidating the variables
influencing the portfolios that will be created by market participants or in the course of future
research. In addition to the originality of these model outputs, it is thought that this model will
contribute to the literature in terms of comparing the portfolios formed with a conventional and
Islamic perspective both within each other and with the findings that can be obtained from different
studies. Based on this motivation and focus, the portfolios of the companies operating in the BIST
All Index and the BIST Participation 50 Index were evaluated with the ANN-based hybrid model
created by Genetic Algorithm optimization using quarterly data between 2014 and 2021. In the study,
return in excess of risk-free interest rate (ri-rf) is used as output. Firm size (SMB), firm value (HML),
investment (CMA), profitability (RMW) and finally risk premium (rm-rf) are used as inputs.

IN
Population Number (n) HLN
Solution Space (D)
Iteration Number (t) NL Generate ANN for
Selection Rate (c) Each Gene
Mutation Rate (m) AF l
Gene Sequencing Fitness Calculation
Selection
Mutation Crossover

Figure 4. Hybrid Flow Diagram

In the flowchart of the hybrid structure shown in Figure 4, the first step is the initial population for
the GA and each individual in the GA forms an ANN structure within itself. Here, each individual
consists of network parameters that directly affect the performance of the ANN. In the proposed
hybrid structure, the initial population is created as the first step of GA. Through the created hybrid
structure, it is aimed to optimize the network parameters to produce the most successful result (Biilbiil
etal., 2022). As a first step, the genetic algorithm parameters of the hybrid structure were determined
as presented in Table 8 and a random population was created.
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Table 8. Genetic Algorithm Parameters

Genetic Algorithm Parameters Values

Population Number (n) 20
Solution Space (D) 5
Selection Rate (c) 0.9

The most successful results were obtained by applying GA in the five-dimensional solution space to
identify the ANN network parameters illustrated in Table 8. The success of the proposed hybrid
model in obtaining accurate results from the same type of data can be influenced by various factors
such as the number of hidden layers, activation functions in the layers, and variation of the parameters
in the learning functions (Biilbiil and Oztiirk, 2022). The Mean Square Error (MSE) is a metric used
to quantify every individual's success. The data set is split into two categories: 70% for training and
30% for testing, which are used in the network structure that each individual creates. The roulette
wheel approach is employed in the hybrid model's selection process to boost the odds of survival for
those who get the best possible results. By using crossover and mutation processes, a single
generation was finished for every individual in the model. Based on the parameters, the Genetic
Algorithm operated for 50 generations. Hyperparameter optimization was implemented to generate
the network parameters in the individual with the highest MSE value in the final generation. The
most successful gene parameters found within the parameters of the employed hybrid model are
displayed in Tables 9 and 10.

Table 9. Most Successful Gene Parameters for BIST All Index

Number  Hidden Number Output

of Layer Hidden Layer Out 3{ Layer Learning MSE
Hidden  Neuron Act.Function P Act. Function Value

L. .
Layers Numbers YT Function
Neurons

Portfolio Input

RMW,

Iil\l\//ﬁ: 1 3 radbas 1 purelin  trainbfg 0,0057
RMRF

RMREF,

Sll\l\//[[?: 1 8 radbas 1 purelin trainrp 0,0002
RMW

SMB,

RMW, 7

3 BC  RMREF, 1 tansig 1 purelin  trainbfg  0.000009
CMA,

HML

CMA,

RMREF, 7-6-4-7-
SMB, 7
RMW

W

'logsig"purelin’ 1 purelin  traingda 0.001

'tansig
RMW, 6-1-5-8-
RMRF, 2
5 SM- SMB, 2 'tansig' 'logsig' 1 purelin  trainbfg  0.000009
CMA,
HML
SMB,
RMREF, 7-7-6-5-
6 SC CMA, S5 4-7-4-7-  'tansig"purelin' 1 purelin  trainbfg 0.0014
HML, 3
RMW
'purelin’'
'tansig'"tansig’
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10

11

12

13

14

16

18

BM

BR

BW

SwW

SM

SR

BL

BN

BH

SH

SN

SL

HML,
RMRF,
RMW,
SMB,
CMA
SMB,
HML,
CMA,
RMRF

RMRF,
CMA,
HML,
SMB,
RMW
SMB,

RMRF,
CMA,
RMW

RMREF,
SMB,
RMW,
HML

RMW,
RMREF,
CMA,
HML,
SMB

RMW,
SMB,
CMA,
HML,

RMRF
SMB,
CMA,
RMRF,
RMW
RMW,
CMA,
HML,
RMRF

RMRF,
SMB,
RMW,
HML
HML,
RMRF,
RMW,
SMB
RMRF,
RMW,
CMA,
SMB

8-6-4

8-5-8-2
7-4-5-7

5-8-7-7

3-8

7-7-6-1-
5-8-2

7-7

6-5-4-7-

7-3

'tansig' 'tansig'

'radbas"radbas’

‘radbas"purelin’
'radbas'

'radbas' 'logsig'

'tansig' 'radbas'

'radbas'

'radbas' 'logsig'

'radbas"radbas’

'logsig' 'tansig'

'radbas’

'radbas’

'radbas’

'logsig"purelin’

'radbas'

'logsig'

'radbas'

'purelin’'
'logsig'

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

trainbfg

trainbfg

trainbfg

trainbfg

trainbfg

trainbfg

traincgf

trainbfg

trainbfg

trainbfg

trainbfg

trainbfg

0.000009

0.002

0.000009

0.000009

0.000009

0.0002

0.0043

0.0001

0.000009

0.0003

0.00009

0.002
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Table 10. Most Successful Gene Parameters for BIST Participation Index

Portfolio

Input

Number
of
Hidden
Layers

Hidden
Layer
Neuron
Numbers

Number
of
Output
Layer
Neurons

Hidden Layer
Act.Function

Output
Layer
Act.
Function

Learning
Function

MSE
Value

10

BA

BM-

BC

SA

SM-

SC

BW

BM

BR

SW

SM

SR

BL

BN

BH

HML,
SMB,
CMA,
RMW,
RMRF
RMW,
CMA,
SMB,
RMRF
CMA,
RMREF,

HML
HML,
RMRF,
SMB
RMREF,
HML,
CMA,

HML,
CMA
HML,

RMREF,
CMA,

RMW,
SMB
RMW,
SMB,
HML,
CMA,
RMRF
CMA,
HML,
RMW,
SMB,
RMRF
SMB,
CMA,
RMW

2

7-3

8-3

8-4-6-1

7-3

8-4-3-3

5-8

6-7-6-6

‘radbas' 'logsig' 1

'radbas' 'logsig’ 1
"purelin'
'tansig" logsig'

'logsig"radbas’ 1

'radbas"purelin’' 1

'tansig' 1

'logsig'"radbas’ 1
'tansig"purelin'

'radbas' 'logsig’ 1

'logsig' 1

'logsig' 1

'logsig' 1

'radbas"purelin’' 1
'tansig' 'logsig'

'purelin’' 1
'tansig'

'logsig' 1

'radbas’ 1

'tansig"logsig' 1
‘radbas' 'tansig'

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

purelin

trainbfg

trainbfg

traincgb

trainrp

trainscg

trainbr

trainrp

trainbfg

trainbfg

trainrp

trainbfg

trainbfg

trainscg

trainrp

trainbfg

0.0003

0.000007

0.001

0.003

0.002

0.000007

0.0001

0.0008

0.002

0.001

0.00005

0.000009

0.0002

0.0003

0.000005
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SH RMW, 2 6-6 'purelin' 1 purelin  traincgb 0.002
CMA, 'tansig'
RMREF,
HML
SN RMW, 3 7-3-4  'tansig"tansig' 1 purelin trainbr ~ 0.000009
11 HML, 'logsig'
RMRF
SL HML, 2 4-7 'radbas' 'tansig' 1 purelin  trainbfg  0.000009
SMB,
RMW,
RMRF
BA HML, 2 73 'radbas' 'logsig' 1 purelin  trainbfg 0.0003
SMB,
12 CMA,
RMW,
RMRF
BM- RMW, 5 8-7-2-6- 'radbas' 'logsig' 1 purelin  trainbfg  0.000007
CMA, 1 'purelin'
SMB, 'tansig" logsig'
RMRF
BC CMA, 2 73 'logsig"radbas’ 1 purelin  traincgb 0.001
RMREF,
RMW,
HML
SA HML, 2 83 'radbas"purelin’ 1 purelin trainrp 0.003
14 RMREF,
SMB
SM-  RMRF, 1 8 'tansig' 1 purelin  trainscg 0.002
s HML,
CMA,
SMB
SC HML, 4  8-4-6-1 'logsig"radbas' 1 purelin trainbr ~ 0.000007
RMRF, 'tansig"purelin’'
RMW
BW  RMREF, 2 7-3  'radbas' 'logsig' 1 purelin trainrp 0.0001
RMW,
HML,
CMA
BM RMW, 1 8 'logsig' 1 purelin  trainbfg 0.0008
17 HML,
RMRF
BR RMW, 1 8 'logsig' 1 purelin  trainbfg 0.002
18 HML,
RMRF

13

16

The present research goes beyond the artificial neural network (ANN), which is often used in the
literature with standard parameters, and optimizes each parameter that is encountered in the ANN
independently using the evolutionary algorithm. After individually optimizing the inputs, hidden
layers, number of neurons, output layer, and learning algorithms to be utilized in the ANN, the best
ANN model was chosen and applied to the relevant portfolios. The Mean Square Error (MSE)
numbers should also be considered in addition to these values. This is accurate because the MSE
method offers a trustworthy way to gauge the degree of uncertainty related to the two-stage estimator.
Moreover, as the number of small areas approaches 0, it can provide asymptotically valid confidence
intervals on the small area mean, in other words, the closer the MSE value is to zero, the better the
network's success in learning. Therefore, it is possible to determine the success of the networks
created by each gene based on MSE values (Prasad and Rao, 1990; Biilbiil, 2022).

In this framework, it can be seen from Tables 9 and 10 that the number of inputs, number of hidden
layers, number of neurons, learning functions and MSE values differ for each portfolio. For example,
the BA portfolio under the BIST All Index has 4 inputs, 1 hidden layer, 3 hidden layer neurons,
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radbas hidden layer activation, trainfg learning function and 0.0057 MSE, while the BA portfolio
under BIST Participation 50 has 5 inputs, 2 hidden layers, 7-3 hidden layer neurons, radbas and logsis
hidden layer activation, trainfg learning function and 0.0003 MSE. Similarly, in the SL portfolio
formed within the BIST All Index, 4 inputs, 3 hidden layers, 7-3 hidden layer neuron counts, purelin,
logsis and radbas hidden layer activations, trainfg learning function and 0.002 MSE value were
determined; while in the SL portfolio formed within the BIST Participation 50, 4 inputs, 2 hidden
layers, 4-7 hidden layer neuron counts, radbas and tansing hidden layer activations, trainfg learning
function and 0.00009 MSE value were determined.

The efficient portfolios created with various factors from the traditional perspective differ from the
efficient portfolios created with the Islamic perspective, according to the findings of the analyses
carried out using the models established separately for a total of 36 portfolios obtained from the
quarterly data of the firms operating in the BIST All Index and the BIST Participation Index between
2014 and 2021. As a consequence, the primary hypothesis Hy. is rejected based on the variations in
the most effective gene characteristics of the portfolios built from various viewpoints.

5. CONCLUSION

This research aims to reveal the differences in the factors affecting the portfolios formed by market
participants investing in companies listed in the Borsa Istanbul All and Borsa Istanbul Participation
50 Index within the framework of conventional and Islamic Law guidelines, both within themselves
and in the context of behavioral approach with the hybrid artificial intelligence model developed.
The methodology of the five factor model developed by Fama and French (2015) between 2014 and
2021 is followed. For this reason, 18 portfolios were made for each of the indices, and these were
compared both inside and between the parameters of the two models that were used.

SMB, HML, CMA, and RMW values are derived for each period by calculating the average returns
of the created portfolios. The Prais-Weinsten test is used to determine how factor values affect the
created portfolios and to solve the series' autocorrelation issue. When all of the results are analyzed,
it becomes clear that, while factor efficiency is generally different between the portfolios created by
considering different factors from both the traditional and Islamic perspectives, one of the research's
main hypotheses, hypothesis Ho, is rejected and hypothesis H; is accepted. Panel data analysis was
also carried out as part of the research to uncover potential impacts of the factors chosen in the Fama
and French Five Factor Model on the BIST All Index and BIST Participation 50 Index. The validity
of the random effects model was evaluated as part of the panel data model selection criteria, and
robust estimators from Huber Eicker White and FGLS were employed to address issues with shifting
variance, autocorrelation, and cross-sectional dependency. These tests demonstrate that the factors
impacting the portfolios created from the two perspectives are different, which leads to the rejection
of the primary hypothesis, Ho.

Subsequently, the performance of asset pricing models is compared using the GRS-F (Gibbons, Ross,
and Shanken, 1989) Test. Thus, the research’s sub-hypotheses Ho, are disproved and the validity of
the Fama and French Five-Factor model for the BIST All Index is established. The findings are
similar to those of Fama and French (2015); Cox and Britten (2019); Aras et al. (2018); Acaravci and
Karaomer (2018); Kaya (2021). Likewise, the validity of the Fama and French Five-Factor Model in
the BIST Participation 50 Index was determined and the null hypotheses Ho, and Ho, were rejected.
These results contradict Zeren et al. (2018) but are comparable to Hanif's (2011) conclusion that the
CAPM equity pricing model may be used in the Sharia financial system. Furthermore, the outcomes
indicate a rejection of the main hypothesis Hy and an acceptance of hypothesis Hj, as they point to
the differentiation of the factors that are effective in both the BIST All Index, which includes
portfolios created with a traditional perspective, and the BIST Participation 50 Index, which includes
portfolios created with an Islamic perspective.

The research proceeded on to examine which portfolio types, employing an ANN-based hybrid
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model optimized with genetic algorithms, had the best results when every factor included in the
French Five and Fama factors were combined. The roulette wheel method was used for the hybrid
model's selection process, increasing the chances of survival for those who get successful outcomes.
By using crossover and mutation processes, a single generation was finished for every individual in
the model. Based on the parameters, the Genetic Algorithm operated for 50 generations.
Hyperparameter optimization was used to generate the network parameters in the individual with the
highest MSE value in the final generation. As a result of the analysis, not forgetting the fact that all
parameters are optimized and all portfolios are efficient, the portfolios with the lowest MSE value
differ in both the BIST All Index and the BIST Participation 50 Index. In addition, it is also observed
that the most successful gene parameters determined in the efficient portfolios created with different
criteria from the traditional point of view and the efficient portfolios created from the Islamic point
of view differ, and accordingly, the main hypothesis Ho. is rejected.

Since the results of the artificial neural network-based hybrid model created with genetic algorithm
optimization produce more specific outputs, it is thought to present more remarkable findings by
market participants. In terms of performance comparison in studies conducted with ANN and GA
optimization in the literature, Cao, Leggio and Schniedes (2005); Kendall and Su (2005); Lin and
Gen (2007); Durmuskaya and Garayev (2017); Abdelwahed and Trabelsi (2021) found that these
models provide superior results to asset pricing models. It can be said that the findings of this study
are similar to the aforementioned studies.

The results obtained from the study are expected to guide market participants in making investments
by taking gene parameters into account. At the same time, for researchers, the results are also
instructive in terms of comparing the portfolios created with both conventional and Islamic
perspectives with the studies to be conducted within the scope of conventional and artificial
intelligence models. Furthermore, it might be argued that the creation of web-based apps would make
it easier for market participants to employ these models.
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APPENDICES

Table 1. Average Returns of Portfolios Formed within BIST All and BIST Participation S0

Index

BIST All Share Index

BIST Participation Index

ri-rf
SH
BH
SN
BN
SL
BL
SR
BR
SM
BM-
SW
BW
SC
BC
SM-
BM
SA
BA

Average
-0.4869
-0.4915
-0.4896
-0.4938
-0.4913
-0.4962
-0.4915
-0.4963
-0.4896
-0.4938
-0.4865
-0.4913
-0.4854
-0.4902
-0.4891
-0.4933
-0.4932
-0.4980

Median
-0.4869
-0.4918
-0.4883
-0.4918
-0.4915
-0.4960
-0.4918
-0.4962
-0.4869
-0.4915
-0.4869
-0.4907
-0.4845
-0.4891
-0.4901
-0.4920
-0.4918
-0.4980

Std. Dev.
0.0372
0.0357
0.0317
0.0296
0.0344
0.0319
0.0358
0.0335
0.0336
0.0317
0.0339
0.0321
0.0363
0.0349
0.0330
0.0311
0.0338
0.0310

Average
-0.4920
-0.4931
-0.4796
-0.4801
-0.4906
-0.4916
-0.4905
-0.4915
-0.4837
-0.4843
-0.4876
-0.4885
-0.4888
-0.4897
-0.4878
-0.4886
-0.4849
-0.4857

Median
-0.4902
-0.4965
-0.4842
-0.4901
-0.4933
-0.4965
-0.4876
-0.4965
-0.4850
-0.4904
-0.4933
-0.4965
-0.4901
-0.4965
-0.4902
-0.4911
-0.4842
-0.4904

Std. Dev.
0.0320
0.0308
0.0384
0.0380
0.0302
0.0289
0.0333
0.0323
0.0342
0.0335
0.0352
0.0344
0.0295
0.0282
0.0362
0.0355
0.0366
0.0360
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Table 2. Prais-Weinsten Test Results for the Portfolios Formed within the BIST All Index

ri-rf

smb

hml

rmw

cma DW A.R?

SH

SN

SL

BH

BN

BL

SR

SM

SW

BR

BM

BW

SC

SA

BC

BM-

BA

0.0310
(0.422)
0.0304
(0.462)
0.030
(0.433)
0.029
(0.441)
0.030
(0.458)
0.0304
(0.429)
0.0331
(0.401)
0.025
(0.523)
0.033
(0.401)

0.0332
(0.400)
0.025
(0.523)
0.0333
(0.399)
0.032
(0.408)
0.026
(0.508)
0.032
(0.408)
0.032
(0.405)
0.027
(0.506)
0.032
(0.405)

0.968
(0.000)***
0.975
(0.000)*++
0.969
(0.000)***
0.969
(0.000)***
0.975
(0.000)***
0.968
(0.000)***
0.972
(0.000)***
0. 969
(0.000)*++
0.972
(0.000)***

0.972
(0.000)***
0.969
(0.000)***
0.972
(0.000)*++
0.972
(0.000)***
0.969
(0.000)***
0.972
(0.000)*++
0.972
(0.000)***
0. 969
(0.000)***
0.972
(0.000)*+*

4.077
(0.002)**
4398
(0.002)%**
4.096
(0.002)***
3.068
(0.016)**
3.476
(0.012)**
3.049
(0.017)**
4314
(0.002)%**
4.017
(0.003)%**
4317
(0.002)**

3.270
(0.013)**
3.103
(0.018)**
3.268
(0.013)**
4.128
(0.002)%**
4345
(0.002)%**
4.128
(0.002)**+
3.080
(0.017)**
3.427
(0.011)%*
3.080
(0.017)**

1.201
(0.315)
0.749
(0.555)
0.189
(0.873)
1.191
(0.316)
0.749
(0.555)
0.204
(0.863)
0.712
(0.556)
0.711
(0.559)
0.712
(0.556)

0.711
(0.557)
0.710
(0.560)
0.711
(0.557)
0.779
(0.513)
0.592
(0.635)
0.779
(0.513)
0.779
(0.514)
0.591
(0.636)
0.779
(0.514)

2278
(0.024)*+
22351
(0.029)**
2275
(0.024)%+
2260
(0.024)*+
2358
(0.029)**
2262
(0.025)**
-1.813
(0.072)*
2282
(0.027)**
2.808
(0.008)***

-1.812
(0.072)%**
2284
(0.027)**
2.817
(0.008)*+*
2257
(0.026)**
2.375
(0.026)**
2257
(0.026)**
2261
(0.026)***
2.380
(0.026)**
2261
(0.026)**

3.116 2.94 0.42
(0.049)** (2.24)  (0.000)***
3.639 2.94 0.38
(0.033)** (2.22)  (0.000)***
3.129 2.94 0.36
(0.047)%* (2.25)  (0.000)***
3.137 2.94 0.51
(0.046)** (2.26)  (0.000)***
3.634 2.94 0.48
(0.033)** (2.21)  (0.000)***+
3.124 2.94 0.59
(0.048)** (2.25)  (0.000)***
3.353 2.92 0.65
(0.039)** (2.23)  (0.000)***
3.248 2.97 0.33
(0.046)** (2.25)  (0.000)***
3.355 2.92 0.36
(0.038)** (2.37) (0.000)***

3.352 2.92 0.57
(0.039)** (2.23)  (0.000)***
3.248 2.97 0.48
(0.046)** (2.25)  (0.000)***
3.351 2.92 0.51
(0.039)** (2.23)  (0.000)***
3.633 2.96 0.41
(0.024)%* (2.26)  (0.000)***
3.629 2.90 0.38
(0.031)** (2.20)  (0.000)***
2.638 2.96 0.68
(0.093)** (2.26)  (0.000)***
3.634 2.96 0.66
(0.024) (2.26)  (0.000)***
3.628 2.90 0.48
(0.031)** (2.20)  (0.000)***
2.630 2.96 0.54
(0.094)**  (2.26) (0.000)*++
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Table 3 Prais-Weinsten Test Results for the Portfolios Formed within the BIST Participation

50 Index

ri-rf o B smb hml rmw cma DW A.R?

SH -0.00243 0.998 0.817 -1.123 0.487 -1.190 2.61 0.56
0.919) (0.000)***  (0.516) (0.185)  (0.449)  (0.461) 2.01)  (0.000)**

SN -0.007 0.994 0.580 -1.516 0.367 -1.693 2.63 0.74
(0.744)  (0.000y***  (0.0638)  (0.072)*  (0.560)  (0.290) (2.08)  (0.000)**

SL -0.002 0.998 0.817 -2.101 0.487 -1.190 2.61 0.56
0.919) (0.000y***  (0.516)  (0.018)** 0.449)  (0.461) 2.01)  (0.000)**

BH -0.002 0.998 -0.206 -1.103 0.488 -1.184 2.61 0.47
0.921) (0.000y***  (0.869)  (0.193)  (0.448)  (0.464) (2.00)  (0.000)%**

BN -0.007 0.99%4 0.371 -1.513 0.363 -1.707 2.63 0.58
(0.739)  (0.000y**  (0.764)  (0.073)*  (0.564)  (0.286) (2.08)  (0.000)**

BL -0.002 0.998 -0.020 -2.12 0.488 -1.184 2.61 0.45
0.921)  (0.000y***  (0.869)  (0.017)** 0.448)  (0.464) (2.00)  (0.000)**

SR -.0796 0.931 -0.970 -5.808 -0.637 -2.948 2.07 0.38
(0.173)  (0.000y***  (0.696) (0.004)***  (0.629)  (0.334) (1.95)  (0.000)%**

SM  -.0765 0.936 -0.325 -5.194 -0.830 -2.426 2.10 0.32
(0.161)  (0.000y***  (0.890) (0.006)*** 0.505)  (0.401) (1.94)  (0.000)**

SW -0.0726 0.939 -0.636 -5.372 -1.497 -2.644 2.12 0.42
(0.172)  (0.000y***  (0.782) (0.004)*** 0225 (0.351) (1.95)  (0.000)**

BR -.0782 0.933 -1.933 -5.722 -0.595 -2.889 2.08 0.52
(173)  (0.000y%**  (0.432) (0.004)***  (0.646)  (0.337) (1.95)  (0.000)%**

BM -0.075 0.937 -1.225 -5.138 -0.812 -2.387 2.11 0.36
(0.160) (0.000y***  (0.600) (0.006)*** (0.511)  (0.405) (1.94)  (0.000)**

BW -0.070 0.941 -1.596 -5.273 -1.493 -2.582 2.13 0.46
(0.173)  (0.000y**  (0.483) (0.004)*** 0217)  (0.355) (1.95)  (0.000)**

SC -0.001 0.997 0.689 -1.476 0.401 -0.895 2.62 0.66
(0.950) (0.000y***  (0.580)  (0.082)*  (0.527)  (0.574) (2.05)  (0.000)%**

SM- -0.009 0.995 0.814 -1.762 0.527 -1.33 2.61 0.31
(0.692) (0.000y***  (0.519)  (0.042)** (0413)  (0.409) (1.98)  (0.000)%*

SA -0.001 0.997 0.683 -1.474 0.398 -1.881 2.62 0.68
(0.948) (0.000y***  (0.583)  (0.083)*  (0.530)  (0.243) (2.05)  (0.000)+**

BC -0.001 0.997 -0.340 -1.471 0.398 -0.876 2.62 0.48
(0.953) (0.000y***  (0.784)  (0.083)*  (0.530)  (0.582) (2.05)  (0.000)%**

BM- -0.001 0.997 -0.334 -1.473 0.401 -1.891 2.62 0.52
(0.955)  (0.000)***  (0.787) 0.082)  (0.527)  (0.240) (2.06)  (0.000)%**

BA -0.001 0.997 -0.334 -1.473 0.401 -1.891 2.62 0.54
0.955  (0.000y** (0.787)  (0.082) 0.527)  (0.240) (2.06) (0.000)***
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Table 4. Panel Data Model Selection Criteria aand Basic Assumption Tests

Panel data selection criteria for BIST All Index

Applied Tests
F (Chow)
Testi

Breusch Pagan Testi

Hausman Testi

Test Stat.
0.20

1675.7

14.32

Prob.
0.997

0.000%**

0.724

Hypotheses

Hy: Pooled model is
valid.

H,: Fixed effects

model is valid.

Hy: Pooled model is
valid.

H;: Random effects

model is valid.

Hy: Random effects

Outcome
Hyaccepted: The
classical model is
valid.

Hj reject: Random
model valid.

Hjaccepted: Random

model is valid. model valid.

H;: Fixed effects

model is valid.

Panel data selection criteria for BIST Participation Index
Applied Tests Test Stat. Prob. Hypotheses
F (Chow) 0.42 0.9802 Hy: Pooled model is valid.
Testi H,: Fixed effects model is
valid.
Breusch Pagan Testi 397.88 0.000***  H,: Pooled model is valid.
H,: Random effects model is
valid.
Hausman Testi 7.65 0.876 Hj: Random effects model is
valid.
H,: Fixed effects model is
valid.
Basic Assumption Tests gor Panel Data for BIST All Index

Assumptions Uygulanan Test Test Stat. Prob. Outcome
Heteroscadasticity Levene, Brown and Wo: 0.0473 0.0137**  There is a Problem of
Forsythe Tests W50: 0.0464 0.0128** Heteroscadasticity

W10: 0.0460 0.0121**
Autocorrelation Bhargava vd.DW 0.912 - There is a Problem of
Baltagi-Wu LBI 0.979 - Autocorrelation
Cross-Sectional Frees* 15.98 - There is a Problem of

Dependence

Cross-Sectional
Dependence

*The table critical values for the Frees test at 1%, 5% and 10% significance levels are 0.0861, 0.111 and 0.159,

respectively.

Basic Assumption Tests gor Panel Data for BIST Participation Index

Heteroscadasticity

Autocorrelation

Cross-Sectional
Dependence

Levene, Brown and
Forsythe Tests

Bhargava etc. DW
Baltagi-Wu LBI
Frees**

Wo: 0.501
W50: 0.392
W10: 0.430

0.631
0.683
13.325

0.952
0.986
0.978

There is not a Problem
of Heteroscadasticity

There is a Problem of
Autocorrelation
There is a Problem of
Cross-Sectional
Dependence

**Table critical values for Frees test at 1% and 5% significance level are 0.159 and 0.111, respectively.
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BIST-Teknoloji Endeksinde islem Géren Firmalarin Nakit Akislarinin Yapay
Sinir Aglari ile Tahminlenmesi”
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Oz

Firmalarin giinlilk faaliyetlerini siirdiirebilmesi, yatinm firsatlarmi degerlendirebilmesi ve finansman saglama imkanlarimi
artirabilmesi, likidite yeterliliginin saglanmas: ile yakindan iliskilidir. Yatirimcilar ve hissedarlar gibi paydaslar, firmanm mali
durumunu degerlendirirken likidite diizeyine de odaklanmaktadir. Bu nedenle, nakit akislarinin etkili bir sekilde yonetilebilmesi
icin gelecekteki nakit akiglarinin dogru bir sekilde tahmin edilmesi bilyiik 6nem tagimaktadir. Bu ¢alismanin amaci, 2016-2021
doneminde hisse senetleri BIST Teknoloji Endeksi’nde islem goren 19 adet firmanin nakit akiglarinin yapay sinir aglar1 yontemi
ile tahminlemesini yapmaktir. Arastirma modeline dahil edilen degiskenler; firmanin faaliyetlerinden kaynaklanan nakit akislari,
yatirim faaliyetlerinden kaynaklanan nakit akislar1 ve finansman faaliyetlerden kaynaklanan nakit akislari ile nakit ve nakit benzeri
varliklar, ticari alacaklari, stoklari, kisa vadeli yabanci kaynaklari, 6zkaynaklari, satislari, faaliyet giderleri, vergileri, donem net
kar/zarar toplamlar1 ve toplam varliklar kalemleridir. Bu degiskenlere iligkin veriler ileri beslemeli yapay sinir aglari tahminleme
modeli ile test edilmistir. Aragtirma sonucunda R? degeri 0.9932 olarak tespit edilmistir. Bu deger arastirma modelinin gergek
degerlerin %99.32'sini dogru bir sekilde tahminledigini ifade etmektedir. Arastirma sonucunda yapay sinir aglarmnm firmalarm
nakit akig tahminlemesinde yiiksek bir tahminleme giictine sahip oldugu tespit edilmistir.

Anahtar Sézciikler: Nakit Akisi, Tahminleme, Makine Ogrenmesi, Yapay Sinir Ag1, BIST Teknoloji Firmalari.
JEL Kodlar: C5, C45, G17.

Cash Flows Forecasting of BIST-Technology Listed Firms with Artificial Neural Networks
Abstract

The ability of firms to continue their daily activities, to evaluate investment opportunities and to increase their financing
opportunities is closely related to ensuring liquidity adequacy. Stakeholders such as investors and shareholders mostly focus
on liquidity while assessing the financial condition of the firm. Therefore, it is crucial to forecast accurately the future cash
flows of firms to manage cash flows effectively. The aim of this study is to make cash flow forecasts of 19 BIST-Technology
Index listed firms for the period 2016-2021 by using the artificial neural networks method. The variables included in the
research model are firms’ cash flows from operating activities, cash flows from investing activities, cash flows from financing
activities, cash and cash equivalents, trade receivables, inventories, short-term liabilities, shareholders’ equity, sales, operating
expenses, tax, net profit/loss for the period and total assets. The data is tested by the feed-forward artificial neural networks
forecasting model. The empirical findings indicate that the R? value is as 0.9932. This value indicates that the research model
accurately predicts 99.32% of the actual values. The concluding results of the study imply that artificial neural networks have
a high forecasting power in cash flow forecasting of firms in subject.

Keywords: Cash Flow, Forecasting, Machine Learning, Artificial Neural Network, BIST Technology Firms.
JEL Codes: C5, C45, G17.

“Bu alisma 11. Uluslararasi Muhasebe ve Finans Aragtirmalar1 Kongresinde 6zet bildiri olarak sunulmustur.

* Sorumlu Yazar (Corresponding Author): Serpil CELIK, (Ogr. Gér. Dr.), Nigde Omer Halisdemir Universitesi, Nigde Sosyal Bilimler MYO, Muhasebe ve
Vergi Botiimii Ogretim Flemar, Nigde/ Tiirkiye, serpilcelik@ohuedtr, ORCID ID: 0000- 0002-2340-0010.

2 Haluk BENGUJ, (Prof. Dr.), Nigde Omer Halisdemir Universitesi, iktisadi ve idari Bilimler Fakiiltesi, igletme Boliimii Ogretim Uyesi, Nigde/Tiirkiye,
hbengu@ohu.edutr, ORCID ID: 0000-0001-7751-0285.

3 Hiiseyin Nazmi Kartal DEMIRGUNES, (Prof. Dr.), Nigde Omer Halisdemir Universitesi, iktisadi ve idari Bilimler Fakiiltesi, Finans ve Bankacilik Bolimii
(Opretim Uyesi, Nigde/ Tiirkiye kartaldemirgunes@ohu.edu.tr, ORCID ID: 0000-0002-6305-0967.

APA 6 Stili Kaynak Gosterimi: (To Cite This Artide)

Celik, S., Bengii, H., Demirgtines, H. N. K. (2025). BIST-Teknoloji endeksinde islem géren firmalarm nakit akislarmm yapay sinir aglart ile tahminlenmesi. Muthasebe
ve Vergi Uygulamalart Dergisi, 18(2), 381-398. doi: hitps://doi.org/10.29067/muvu.1639976

[@NOIEN
This work is licensed under Creative Commons Attribution-Non-Commercial 4.0 International License @ BY__NC


https://doi.org/10.29067/muvu.1639976
https://dergipark.org.tr/tr/pub/muvu

BIST-TEKNOLOJI ENDEKSINDE iSLEM GOREN FIRMALARIN NAKIT AKISLARININ YAPAY SINIR AGLARI iLE TAHMINLENMES{

EXTENDED SUMMARY
Introduction

Artificial neural networks are parallel and distributed information processing structures inspired by
the human brain, consisting of processing elements connected through weighted links, each with its
own memory. These networks are computer programs that mimic biological neural networks.
Artificial neural networks function as computer software that replicates the human brain’s learning
process, enabling the generation of new data from collected information through learning, memory,
and generalization. Examining the historical development of artificial neural networks, research on
the human brain and its functions began in the 1890s. However, the foundational studies of artificial
neural networks are considered to have been laid in the 1940s, when research started gaining
engineering significance.

The ability of companies to maintain their daily operations, evaluate investment opportunities, and
enhance financing options is closely linked to ensuring liquidity adequacy. Stakeholders, such as
investors and shareholders, focus on liquidity levels when assessing a company’s financial position.
Therefore, accurately forecasting future cash flows is of great importance for the effective
management of cash flows. The aim of this study is to predict the cash flows of 19 companies listed
in the BIST Technology Index during the 2016-2021 period by using artificial neural networks.

Literature on Research

Artificial neural networks are widely used for forecasting purposes in various fields, including
finance, economics, engineering, healthcare, and agriculture. In the financial sector, artificial neural
networks are extensively utilized for stock price predictions, index and exchange rate forecasting,
and credit risk scoring, as observed in the literature. However, no studies on the use of artificial neural
networks for cash flow forecasting have been identified in the national literature, while only a limited
number of studies have been found in the international literature.

The nonlinear nature of financial data and the complex interactions between variables increase the
importance of nonlinear models in financial forecasting. In this context, several studies emphasize
that artificial neural networks have a more effective and functional predictive power compared to
traditional and linear models (Talebi et al., 2022: 329). In a study by Weytjens et al. (2019), the
predictive power of artificial neural networks in accounts receivable cash flow forecasting was
compared with classical forecasting techniques (ARIMA and Prophet). The results showed that
artificial neural networks outperformed classical methods in cash flow forecasting.

Similarly, studies conducted by Ashour (2019), Dadteev et al. (2020), Faricha et al. (2022), and
Talebi et al. (2022) concluded that artificial neural networks provide higher forecasting accuracy,
especially for complex financial data, compared to traditional methods. Sulef (2016) investigated the
use of artificial neural networks in cash flow forecasting and found that ANNs could be effectively
utilized to predict cash flow developments in a business.

Furthermore, Zhu et al. (2022) employed a feedforward artificial neural network model for corporate
free cash flow forecasting and concluded that the model demonstrated high predictive power.

Method of The Research

The variables used in the study are categorized into two main groups: input (independent) and output
(dependent) variables.

Input variables represent the financial structure and performance of companies and include cash and
cash equivalents, trade receivables, inventories, short-term liabilities, equity, sales, operating
expenses, taxes, net profit/loss for the period, and total assets.

On the other hand, output (dependent) variables consist of cash flows from operating activities, cash
flows from investing activities, and cash flows from financing activities.
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The data used in the study were included on an annual basis. Financial data regarding the companies’
income statements, cash flow statements and financial position statements were obtained from the
financial statements on the companies' websites. MATLABR2023b software was used to forecast
cash flows through artificial neural networks. The analysis began with data preprocessing. In artificial
neural networks, extremely large or small values in the data can lead to inaccurate results. To address
this issue, data normalization is necessary. Various normalization methods exist in the literature, and
the choice of method is left to the discretion of the artificial neural network designer. In this study,
the min-max normalization method was used to normalize the data.

In the study, the Levenberg-Marquardt (LM) algorithm, which propagates errors backward during
artificial neural network training, was used. The Levenberg-Marquardt (LM) algorithm is an effective
method that can be used with feedforward-backpropagation algorithms. Its fast convergence property
provides a significant advantage in training processes. Additionally, the algorithm's ability to operate
with only first-order partial derivatives and its inclusion of a limited number of parameters make it
computationally efficient and highly applicable.

Findings of The Research

The performance analysis of the model clearly demonstrates its high predictive accuracy. Achieving
a remarkably high correlation coefficient (R?) of 99.32% on the training dataset indicates that the
model has achieved near-perfect alignment with the provided training data. The correlation
coefficient of 95.69% on the validation dataset and 98.80% on the test dataset further highlight the
model’s strong generalization ability. With an overall prediction accuracy of 99.11%, the model
proves to be a highly effective forecasting mechanism.

Another crucial metric supporting the model’s predictive performance is the Root Mean Squared
Error (RMSE), which was calculated as 0.0079 in this study. This low RMSE value indicates that the
discrepancies between the predicted and actual values are minimal, meaning the model produces
results with high precision and reliability. This outcome confirms that the model is not only well-
trained on existing data but can also generate accurate and effective predictions for new datasets.

Conclusion

Cash flow is critically important for ensuring the financial sustainability of companies. Predicting
cash flows allows firms to anticipate future cash inflows and outflows, facilitating effective financial
planning. The aim of this study is to assess the ability of artificial neural networks to predict cash
flows and to analyze the accuracy and effectiveness of these methods. The study examined the
performance of artificial neural networks in cash flow forecasting, and the results demonstrated high
predictive power. The accuracy rates of the model for the training, validation, and test datasets were
calculated as 99.95%, 95.69%, and 98.80%, respectively. These high accuracy rates indicate that the
model effectively learns from the data and generalizes well. When all datasets were considered
together, the model’s overall predictive accuracy was found to be 99.11%, confirming its high level
of success. Additionally, the Root Mean Squared Error (RMSE) was determined as 0.0079, a low
value indicating that the model’s predictions closely align with actual values, with minimal error
rates.

The model’s ability to predict cash flows from different activities was also evaluated separately. In
forecasting cash flows from operating activities, the model produced results with almost no
difference between actual and predicted values, demonstrating its capability to accurately predict
operational cash flows. In terms of investment activities, the model effectively captured general
trends from 2016 to 2021 and generated highly accurate predictions with only minor deviations.
Similarly, the model’s predictions for financing activities were found to be highly reliable, as it
accurately identified overall trends in these activities.

In conclusion, this study clearly highlights the effectiveness of artificial neural networks in financial
processes, demonstrating their strong performance in complex tasks such as cash flow forecasting.
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1. GIRIS

Yaradilisindan beri dogayla i¢ ice yasayan ve karsilastigi birgok sorunu ¢evresinde gerceklesen
olaylardan ilham alarak ¢dzme yoluna giden insanoglu, dogada gerceklesen olaylari anlayip
aciklayabilmek i¢in diistincelerini, aklini ve duygularimi kullanmis olup; her donemin bilgi birikimi
ve teknolojik imkanlar1 dogrultusunda bu olaylarin sebep-sonug iligkilerini ¢cdziimlemeye ¢aligmistir.
1950°1i yillardan itibaren, Ozellikle bilgisayar teknolojilerinin gelismesini takiben, sayisal
hesaplamalarin da hizlanmasiyla birlikte, insanoglu dogadaki canli organizmalarin isleyisini
anlamaya ve bunu matematiksel bir dille ifade etmeye yonelmistir. Bu siireg, biyolojik sistemlerden
esinlenen ve bu sistemleri modelleyen algoritmik yontemlerin ortaya ¢ikmasini saglamig, boylelikle
de canlilardan ilham alan yenilik¢i hesaplama yontemlerinin temelleri atilmistir (Sen, 2004: 1). Bu
baglamda, ilk etapta biyolojik sinir baglantilarindan ilham alinarak gelistirilmis bir yapay sinir
hiicresi modeli olarak tanimlanan yapay sinir aglar1 (YSA) modelleri ortaya ¢ikmistir. S6z konusu
modeller, gliniimiizde 6zellikle geleneksel istatistiksel yontemlerin yetersiz kaldigr karmasik ve
dogrusal olmayan iligkileri modelleme konusunda giiclii bir ara¢ olarak kullanilmaktadir. Yapay sinir
aglariin herhangi bir varsayimi karsilama gerekliliklerinin bulunmamasi, dogrusal olmayan verilerle
calisabilmeleri, yiiksek dereceli korelasyonlar1 kolayca yakalayabilmeleri, karar alma ayrmtilarinin
karmagikliklarini daha etkin bir sekilde modellenebilmesine imkan saglamalar1 ve bu modellerde
eksik veriler kullanilsa bile ¢oklu dogrusallik performansinin bundan etkilenmemesi tahminleme ve
analizlerde yapay sinir aglari modellerinin kullanim alanlarimi olduk¢a genisletmistir (Namazi ve
digerleri, 2016; Faricha ve digerleri, 2022).

Tahmin ve 6ngdrii modelleri, yatirimcilarin ve finans kuruluslariin dogru kararlar alabilmesi i¢in
onemlidir. Son yillarda tahminleme konusunda yapilan c¢alismalar incelendiginde kullanilan
yontemlerden birinin de makine 6grenmesi oldugu goriilmektedir. Makine 6grenimi, finans alaninda
finansal basarisizlik, fiyat tahmini, doviz kuru tahmini gibi alanlarda alternatif bir istatistiksel yontem
olarak siklikla kullanilmaktadir (Can, 2023: 168). Firmalar acisindan likidite yonetimi, finansal
stirdiirtilebilirligin ve stratejik basarilarmin temel unsurlarindan biridir. Etkin bir likidite yonetimi
sayesinde firmalar, hem giinliik faaliyetlerini sorunsuz bir sekilde siirdiirebilir hem de gelecege
yonelik firsatlar1 degerlendirebilir. Bu nedenle, likidite yOnetimi sadece finans biriminin degil,
firmanin tiim birimlerinin yoneticilerinin 6ncelikli alan1 olmalidir. Yapay sinir aglari, firmalarin nakit
akislarmi optimize ederek 6deme yiikiimliiliiklerini zamaninda karsilamasina yardimer olabilir ve
etkin bir likidite yonetimini miimkiin kilabilir.

Bu calismanin amaci; 2016-2021 doénemi itibariyle Borsa Istanbul (BIST) Teknoloji Endeksi’nde
islem goren firmalarin nakit akislarini yapay sinir aglar1 yontemiyle tahmin etmektir. Bu baglamda,
nakit akis1 tahminlemesinde ileri beslemeli yapay sinir ag1 modeli kullanilmaktadir. Borsa Istanbul
ornekleminde yapay sinir aglarinin finansal tahminleme amaciyla kullanildigi caligmalarda
genellikle endeks tahminlemesi (Ozer ve digerleri, 2018; Kayahan Karakul, 2020) ve hisse senedi
fiyati tahminlemesi (Yiriik, 2021; Bardak ve digerleri, 2024) konularina odaklanildig:
goriilmektedir. Bu ¢alismanin bahsi gecen calismalardan farklilasarak nakit akisi tahminlemesine
odaklanmasi nedeniyle, literatiire onemli katk: saglamas1 beklenmektedir.

2. KAVRAMSAL CERCEVE
2.1. Yapay Sinir Aglar

Yapay sinir aglari, insan beyninden esinlenerek gelistirilmis, agirlikli baglantilar araciligiyla
birbirine baglanan ve her biri kendi bellegine sahip islem elemanlarindan olusan paralel ve dagitilmis
bilgi isleme yapilari, biyolojik sinir aglarini taklit eden bilgisayar programlaridir (Elmas, 2003).
Yapay sinir aglari, insan beyninin dgrenme yolunu taklit ederek beynin 6grenme, hatirlama,
genelleme yapma yolu ile topladigi verilerden yeni veri {iretebilme gibi temel islevlerin
gerceklestirildigi bilgisayar yazilimlaridir (Oztiirk ve Sahin, 2018: 27).

384



Serpil CELIK - Haluk BENGU - Hiiseyin Nazmi Kartal DEMIRGUNES

Yapay sinir aglarinin tarihsel gelisimine bakildiginda; sinir aglarna iliskin ilk ¢aligmalar1 1890’11
yillardan itibaren baslayan insan beyni ve fonksiyonlar1 lizerine yapilan ¢aligmalarla iliskilendirmek
miimkiindiir. Ancak, modern baglamda bu calismalarin ilk temellerinin 1940 yillarinda yapilan
miihendislik calismalarindan dolay: atildig: diistiniilmektedir. 1943 yilinda McCulloch ve Pitts’in
ndrol sistem modelleri ile ilgili gelistirdikleri teoremler ve kurduklar1 modeller sayesinde herhangi
bir sonlu islem ¢ozlimlemesi yapilmis ve bunun sonucunda ilk biyolojik néron modelleri ortaya
cikmistir. Hebb, 1949 yilinda ndronlarin beyindeki bilgi yirtilmasi ve depolanmasi {izerine
gelistirdigi hipotezi ile bu alana 6nemli katki saglamistir. Sonrasinda, ndropsikolog Karl Lasley, 1950
yilinda beyin bilgi depolamasmin dagitilmis sistemler seklinde gergeklestigini ileri slirmiistiir.
Rosenblatt, 1958’de goziin isleyis biciminden ilham alarak, algilayici ve Hebbian Ogrenme Kuralina
dayali 6grenmeyi McCulloch-Pitts sinir modeline dahil etmistir. Widrow ve Hoff, 1960 yilinda
telefon hatlarindaki yankilar1 6nlemek amaciyla, yapay sinir aglarint ADALINE (Adaptive Linear
Neuron) adi altinda ilk olarak ticari amagla kullanmaya baslamistir. 1976-1980 yillar1 arasinda
Stephen Grossberg yapay sinir aglarin1 matematiksel olarak ele almis ve Gail Corpenter ile birlikte
“Adaptif Rezonans Teorisi (ART)ni sekillendirmislerdir. Teuvo Kohonen, 1982 yilinda “Kohonen
haritalar1” olarak adlandirilan “6zorgiitlemeli haritalar” adli ¢aligmasin1 yayinlamigtir. John
Hopfield, 1982 ve 1984 yillarinda “Hopfield aglari”n1 gelistirmis ve yaptig1 caligmalarla yapay sinir
aglar kullanarak ¢ok sayida problemi ¢ozebilecegini tespit etmistir. Bu calismalar1 gelistiren
Geoffrey E. Hinton ve arkadaslar1 “Boltzman makinesi”ni gelistirmislerdir. Miyake ve Ito Fukushim
1983 yilinda el yazisi karakterlerini taniyan ‘“Neocognitron” adli yapay sinir agr modelini
gelistirmiglerdir. Rumelhart 1986 yilinda ¢ok katmanli algilayict modelin 6grenmesini saglamak
amaciyla “geriye yayilim 6grenme algoritmas1” gelistirmistir. Bu yildan itibaren yapay sinir aglari
yogun bir bigimde ticari amaglarla kullanilmaya baglanmigtir. David E. Rummelhart ve James
MacClelland tarafindan 1986 yilinda “paralel dagitimli isleme” alaninda ¢alismalar yapilmis ve ¢ok
katmanl algilayicilar ile XOR problemine ¢oziim bulunmustur. Sejnowski ve Rosenburg 1987
yilinda yiiksek sesle okumay1 kendi kendine &greten NETtalk ANN tabanli konusma programi
gelistirmigtir. David Broomhead ve David Lowe 1988 yilinda “radyal tabanli fonksiyonlar” ile
filtreleme problemlerinde basarili sonuglar veren c¢ok katmanlhi algilayicilara alternatifler
gelistirmistir. Martin’in Birlesik Devletler Postanesi i¢in 1990 yilinda posta kodlarini tanimak iizere
gelistirmis oldugu yapay sinir aglar1 tabanli el yazis1 ¢alismalari, yapay sinir aglarinin zor gérevlerin
iistesinden gelebilen potansiyel bir uygulama araci olarak dne ¢ikmasini saglamistir (Clarence, 1997,
Saatgioglu ve Ozgakar, 2016).

2.1.1. Yapay Sinir Aglarinin Yapisi ve Isleyisi

Yapay sinir aglarinin temel mantigi, biyolojik sinir sistemleridir. Bu nedenle, yapay sinir aglarini tam
anlamiyla kavrayabilmek i¢in ncelikle biyolojik sinir sisteminin nasil ¢aligtigini anlamak 6nemlidir.
Sinir aginin temel birimi sinir hiicresi, diger bir ifadeyle nérondur. Noronlar birbirlerini uyararak
bilgiyi bir nérondan diger norona iletirler ve elektriksel sinyaller sinir ag1 boyunca taginirlar (Ogiicii,
2006: 22). Biyolojik sinir agini olusturan ndronlar; soma, dendrit akson ve sinaps bilesenlerinden
olugmaktadir. Her ndronun merkezinde “soma” olarak isimlendirilen bir ¢ekirdegi olan hiicre gévdesi
yer almaktadir. Soma, hiicrenin temel iglevlerini belirleyen ve DNA molekiilii {izerinde kodlanmis
olan genetik bilgiyi igerir. Dendritler ise kisa, aga¢ dallar1 seklinde olan ¢ok sayida hiicre
govdesinden ¢ikan uzantilar olup; gorevi noronlardan aldigi sinyalleri bir dizi elektriksel darbe
aracihigl ile sinapslere iletmektir. Akson, her néronda bir adet bulunmakta olup islevi hiicre
govdesinde iretilen sinyalleri diger néronlarin dendritlerine tasimaktir. Akson ve dendritlerin veri
aktarimin1 gerceklestirmek amaciyla bir araya geldikleri birlesim yerlerine ise sinaps adi
verilmektedir. Sinapslarin gorevi; ¢ikti isaretinin verici ndéronun aksonundan, alici néronun
dendritlerine ulastirilmasini saglamaktir. Bu sayede biyolojik sinir sisteminde &grenme noronlar
arasindaki sinaptik baglantilar ile gerceklesir (Ogiicii, 2006; Yazici ve digerleri, 2007; Siisler, 2022).
Basit bir yapay sinir ag1 modeli ise girdi, agirlik, toplama fonksiyonu, transfer (aktivasyon)
fonksiyonu ve ¢ikt1 elemanlarindan olugsmaktadir (Urgan ve Tamgoz, 2020: 9). (Bkz. Sekil 1.).
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Dis gevreden, diger hiicrelerden veya hiicrelerin kendi i¢ siireglerinden gelen bilgiler girdi olarak
adlandirilmaktadir. Agirlik yapay sinir hiicresine ulasan bilginin 6nemini ve hiicre {izerindeki etkisini
ortaya koyar. Agirliklar degisken ya da sabit deger olabilir. Toplama fonksiyonu, bir hiicreye ulasan
net girdiyi hesaplar. Toplama fonksiyonunda Sekil 1°de goriildiigii tizere ulasan girdi degeri kendi
agirhign ile carpilarak toplanir ve net girdi hesaplanir. Aktivasyon fonksiyonu hiicreye ulasan net
girdiyi isleyerek hiicrenin bu girdiye karsilik iiretecegi ¢iktiy1 belirler. Cikti, aktivasyon fonksiyonu
tarafindan belirlenen ¢ikti degeridir. Uretilen ¢ikt1 dis gevreye ya da diger bir hiicreye gonderilir
(Oztemel, 2006: 49-51).

| Girdi | ‘ Aglk ‘ Toplama Fonkeiyomm Aldrvasyon

X1 W1
— |
X2 W1 I
— > fiz —* Vi
—
X: W3
l—]
Xy Wy
X Wi

Esik

Sekil 1. Yapay Sinir Ag1 Hiicresi (Kaynak: Yavuz ve Deveci, 2012:170)

Biyolojik sinir sistemi ile yapay sinir hiicreleri, bilgi isleme yontemleri bakimindan benzerlik
gosterir. Her iki sistemde de noronlar, bilgiyi almak, islemek ve diger birimlere iletmek iizere
tasarlanmistir. Biyolojik noronlar sinyalleri dendritlerden alip somada islerken, yapay ndronlar
sayisal girigleri toplar, agirhklandirir ve bir aktivasyon fonksiyonuyla sonug iiretir. Ogrenme
stirecleri, her iki sistemde de baglantilarin kuvvetini degistirme prensibine dayanir; biyolojik
sistemde sinapslar, yapay sistemde ise agirliklar bu rolii istlenir. Biyolojik sinir sistemi ve yapay
sinir hiicresi 6gelerinin iliskisi Tablo 1’de sunulmustur.

Tablo 1. Biyolojik Sinir Sistemindeki Ogelerin Yapay Sinir Hiicresindeki Ogelere Karsiliklar

Biyolojik Sinir Sistemi Yapay Sinir Hiicresi
Néron Islemci Eleman:
Sinapslar Agirlik

Dendrit Toplama Fonksiyonu
Hiicre Govdesi Aktivasyon Fonksiyonu
Aksonlar Yapay Noron Cikisi

Kaynak: Oztiirk ve Sahin, 2018: 28.

Yapay sinir aginin yapist Sekil 2°de sunulmustur. Geleneksel yapay sinir aglari, bir dizi katman
halinde diizenlenmis ndronlara sahiptir. Model girdi katmani, gizli katman ve ¢ikti kalman1 olmak
iizere 3 katmandan olusur. {1k katman olan girdi katmanindaki néronlarin sayis1, kullanilan bagimsiz
degiskenlerin sayisina karsilik gelir (Detienne ve digerleri, 2003: 242). Bu katmanda girdi degerleri
bir sonraki tabakaya herhangi bir islem uygulanmadan iletilir. Cikt1 katmani ise ¢iktilari disari ileten
noronlari igeren tabakadir. Girdi ve ¢ikti katmanlari tek tabakadan olusurken bu iki tabaka arasinda
birden fazla gizli tabaka bulunabilir. Bu gizli tabakalar ¢ok sayida néron igerirler ve bu ndronlar
tamamen ag i¢indeki diger noronlarla baglantilidirlar (Ataseven, 2013:103).
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Baglanti Noéron

Girdi Katmant Gizli Katman Cikt1 Katmani

Sekil 2: Yapay Sinir Ag1 Modeli (Kaynak: Yildiz ve Yezegel, 2010:151)

Yapay sinir aglarinda girdi katmani sisteme sunulan verilerin alindig1 baslangi¢ noktasidir ve her bir
noron, veri Ozelliklerini temsil eder. Gizli katmanlar veriyi isleyen ve modelin 6grenme yetenegini
saglayan katmanlardir; her bir gizli katmandaki néronlar, girdilerden gelen bilgiyi belirli agirliklarla
carpar, aktivasyon fonksiyonlar1 aracilifiyla isler ve bir sonraki katmana aktarir. Son olarak, ¢ikis
katmani modelin iirettigi tahmin ya da siniflandirma sonuglarini ortaya koyar.

2.2. Yapay Sinir Aglar1 ve Nakit Akis Tahminlemesi

Gegmis verilerle egitilen ve bu egitim sonucunda veriler arasindaki iliskileri 6grenen yapay sinir
aglart; hisse senedi fiyati, doviz kurlari, iflas, satis ve talep tahminlemeleri, kredi risk degerlendirmesi
ve portfoy optimizasyonu gibi finansin farkli alanlarinda uygulanabilirlige sahiptirler (Tam ve Kiang,
1992; Kim, 2003). Genellikle dogrusal olmayan yapilar sergileyen finansal veriler, yalnizca dogrusal
iliskileri ifade edebilen regresyon gibi geleneksel yontemlerle dogru bir bigimde analiz edilemezler.
S6z konusu verilerdeki karmasik ve dogrusal olmayan iliskileri 6grenme kapasitesine sahip yapay
sinir aglar1 (Zhang ve digerleri, 1998) ise 6zellikle volatilitesi yiiksek piyasa verilerinin analizinde
biiyilik avantajlar saglar.

Yapay sinir aglar1 gecmis verilerle egitildiklerinde, daha onceleri karsilagilmayan benzer verilerde
de basarili tahminleme yapabildiklerinden, yeni durumlara adapte olma potansiyeli tasirlar (Haykin,
2009). Yapay sinir aglarinin bir diger 6zelligi de belirli 6n kabullerle veya normal dagilim, sabit
varyans, otokorelasyonun olmamasi gibi belirli istatistiksel varsayimlarla c¢alismak zorunda
kalmamalaridir. Daha agik bir ifadeyle, bu aglar varsayimlara ihtiya¢ duymadan veriyle dogrudan
ogrenme gergeklestirir (Sharda ve Patil, 1992). Politik gelismelerden tutun da dogal afetlere kadar
birgok faktdrden etkilenebilen finansal piyasalar: tahminlemede kullanilan sistemlerin esnek olmasi
onemlidir. Siirekli olarak giincellenebilen ve yeniden egitilebilen yapay sinir aglari, belirtilen
ozellikleri ile oldukga esnek ve dinamik bir yapiya sahiptirler ve finansal piyasalara kolaylikla ve
hizl1 bir bicimde uyum saglarlar (Vellido ve digerleri, 1999).

Ancak, her tahminleme yontemi gibi yapay sinir aglarinin da birtakim dezavantajlari bulunmaktadir.
Yapay sinir aglarmin en bilylik dezavantajlarindan biri “kara kutu” seklindeki ¢alismalar olup, bu
calismalarda modelin neden belirli bir ¢iktry: iirettigi kolay bir bigimde ac¢iklanamamaktadir. Bu
durum, ozellikle agiklanabilirlik gerektiren kredi puanlama, denetim ve regiilasyon siireglerinde
sorunlar yasanmasina yol agabilmektedir (Olden ve Jackson, 2002). Bununla birlikte, egitim
verilerine ¢ok iyi uyum saglayan bir yapay sinir ag1, yeni veriler ilizerinde diigiik bagarili ya da
basarisiz olabilmektedir. Bu durum over-fitting olarak adlandirilmakta olup, yeterli veriye sahip
olmamak veya egitim siirecinde fazla sayida parametre kullanmak bu riski artirabilmektedir (Geman
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ve digerleri, 1992). Yapay sinir aglarinin bir diger dezavantaji da siirecin karmasik zaman alic1 olmasi
ve yiiksek bilgi birikimi gerektirmesidir, ¢iinkii yapay sinir aglarinin dogru tahminler yapabilmesi
icin veri hazirlama, ag mimarisi secimi ve hiper-parametre ayarlamalar1 gibi teknik islemler
gerekmektedir (Masters, 1993). Ayrica, yapay sinir aglar1 egitim siireci boyunca verilerdeki
bozulmalara, eksikliklere ve tutarsizliklara karsi oldukca hassas yapilardir. Bu nedenle, bazi
durumlarda veri temizleme ve On igleme yapilmadan egitilen modeller sagliksiz tahminlerde
bulunabilmektedir (Piramuthu, 1999).

Nakit, 6deme yiikiimliliiklerini yerine getirme, krizleri yonetme ve firsatlar: degerlendirme agisindan
biiyiik avantajlar saglamaktadir. Eski bir atasoziinde sdylendigi lizere “nakit kraldir” ifadesi bugiin
de gecerliligini korumaktadir (Weytjens ve digerleri, 2019: 2). Nakit akislari, isletmelerin kredi,
finansman, yatirim, biiylime ve maliyet yonetimi kararlarinda bilyiik 6nem tasir. Diizenli ve giiglii
nakit akislari, isletmenin kredi geri ddeme kapasitesini gosterirken, ayn1 zamanda da firmanin
yatirnmcilar i¢in de giivenli bir tercih olmasini saglar. Nakit akiglari ayn1 zamanda bir firmanin
finansal kriz i¢inde olup olmadigin1 anlamak i¢in temel gostergelerden biridir. Yeterli nakde sahip
olmayan firmalar kredi 6demelerini erteleyerek veya yeni fonlar saglayarak kisa vadede nakit
ihtiyaclarini karsilayabilir. Ancak, firmalarin uzun vadede borclar1 geri 6demekte zorlanmalari,
finansal basarisizligin en yaygin nedenlerinden biridir (Ali ve Ali, 2021: 4). Bu nedenle, firmalarin
stirdiiriilebilir bir nakit akigina sahip olmalar1 olduk¢a 6nemlidir.

Nakit akislarini ve dalgalanmalarini ekonomik bir olay olarak tahmin etmek uzun zamandan bu yana
aragtirmacilari, yatirimeilarin, yoneticilerin, finansal analistlerin ve borg verenlerin odak noktasi
olmustur. Nakit akislarini tahmin etmek, hisse senedi degerleme, bor¢ ve risk analizi, yonetim
performans oranlar1 ve karar alma bilesenlerinde kritik bir rol oynar (Talebi, 2022: 328). Nakit
akislarini dogru bir sekilde tahmin edebilmek, firmalarin mali siirdiiriilebilirligini saglamalariin
yani sira, kaynaklarin etkin bir sekilde dagitilmasini da miimkiin kilar. Bununla birlikte, bu tahmin
stireci genellikle belirsizlikler ve dis faktorlerin etkisiyle karmasik hale gelir. Ekonomik
dalgalanmalar, piyasa trendleri, faiz oranlarindaki degisimler ve firmaya 6zgii riskler gibi unsurlar,
nakit akis tahminlerini dogrudan etkileyebilir (Y1ilmaz ve Cavlak, 2020). Bu nedenle, giiglii analitik
araglarin ve veri tabanli modellerin kullanilmasi, daha giivenilir tahminler yapilmasina olanak tanir.
Ozellikle, yapay zeka ve biiyiik veri teknolojilerinin finansal analiz siireclerine entegrasyonu, nakit
akis1 projeksiyonlarinin dogrulugunu artirmakta ve karar alma siireglerinde 6nemli bir avantaj
saglamaktadir (Sahin, 2024).

3. LITERATUR INCELEMESI

Yapay sinir aglari, genellikle finans, ekonomi, miihendislik, saglik ve tarim gibi ¢esitli alanlarda
tahminleme amacityla yaygin olarak kullaniimaktadir. Ozellikle finans alaninda, literatiirde hisse
senedi fiyat, endeks doviz kuru tahminlemesi ile kredi risk skorlamasi gibi alanlarda YSA'nin yogun
bir sekilde kullanildig1 goriilmektedir. Yapay sinir aglarmin nakit akislariin tahminlemesinde
kullanimina yonelik ulusal literatiirde bir ¢aligmaya rastlanmamig olup, uluslararas literatiirde sinirli
sayida ¢aligmanin yer aldig: tespit edilmistir.

Finansal verilerin dogrusal olmayan yapisi ve degiskenler arasindaki karmasik etkilesimler, finansal
veri tahmininde dogrusal olmayan modellerin 6nemini artirmaktadir. Bu baglamda, geleneksel ve
dogrusal modellere kiyasla yapay sinir aglarmin tahminleme giicliniin daha etkili ve islevsel oldugu
(Talebi, Abdi, Hajiha ve Rezaei, 2022: 329) pek ¢ok arastirmada vurgulanmistir. Weytjens, Lohmann
ve Kleinsteuber (2019) tarafindan yapilan ¢alismada; alacak hesaplar1 nakit akislariin tahmininde
klasik (ARIMA ve Prophet) tahmin teknikleri ile yapay sinir aglarinin tahminleme giicii
karsilastirilmast yapilmis ve ¢aligma sonucunda yapay sinir aglarinin nakit akis tahminlemesinde
klasik yontemlere gore daha basarili sonuglar elde ettigi goriilmiistiir. Benzer sekilde Ashour (2019),
Dadteev, Shchukin ve Nemeshaev (2020), Faricha ve digerleri (2022) ile Talebi, Abdi, Hajiha ve
Rezaei (2022) tarafindan gerceklestirilen ¢alismalarda da yapay sinir aglarinin, 6zellikle karmasik
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finansal verilerde, geleneksel yontemlere gore daha yiiksek tahmin dogrulugu sagladigi sonucuna
ulastlmustir.

Sulef (2016) tarafindan yapilan calismada yapay sinir aglarinin nakit akis tahminlemesinde kullanimi
arastirillmis ve yapay sinir aglarinin bir isletmedeki nakit akisi gelismelerini tahmin etmek icin etkili
bir sekilde kullanilabilecegi sonucuna ulagilmistir.

Zhu, Yan ve Bai (2022) tarafindan igletme serbest nakit akis tahminlemesi icin ileri beslemeli yapay
sinir ag1 modeli kullanilmis ve modelin yiiksek tahmin giictine sahip oldugu sonucuna ulasilmistir.

4. ARASTIRMA

2016-2021 yillar1 arasinda BIST Teknoloji Endeksi’nde islem goren firmalarin nakit akislarini yapay
sinir aglar1 yontemiyle tahmin etmeyi amaclayan bu ¢alismada ileri beslemeli yapay sinir ag1 modeli
kullanilarak 19 firmaya ait verilerden yararlanilarak tahminleme yapilmistir.

Tiirkiye’de nakit akisi tablosuna iligkin ilk diizenleme 29.01.1989 tarihinde yayimlanan Sermaye
Kurulu’nun XI. Seri No’lu Tebligi olup, bu tebligi ile Sermaye Piyasas1 Kanunu’na tabii olan 6zel
sektor isletmelerinden nakit akis tablosu talep edilmistir. Sermaye Piyasas1 Kurulu, bu Teblig’le
igletmelerden nakit akis tablosunu diizenlemesini istese de yayinini1 zorunlu kilmamaktaydi. Daha
sonra 1994 yilinda yiirlirliige giren Muhasebe Sistemi Uygulama Genel Tebligleri (MSUGT)’nde, ek
tablolar arasinda sayilan nakit akis tablosunu ekinde sunularak belirli biiyiikliikte olan isletmelerin
hazirlamasi zorunlu tutulmustur. Ancak, her ne kadar nakit akis tablosu hazirlanmasi zorunlu
tutulmus olsa da bunlarin halka acik bir bi¢imde yayimlanmasi ve ulasilabilmesi 6zellikle 2016
yilindan sonra gergeklesmistir. Bu nedenle ¢alismanin aragtirma dénemi 2016 yilinda baglamaktadir.

Tiirkiye’de 2005-2020 arasinda yillik enflasyon orani siirekli olarak %10’un altinda seyrederek
nispeten istikrarli bir egilim gostermistir. Ancak, 2021 (%36,08) ve 2022 (%79,6) yillarinda
enflasyon hizla yilikselmistir. Bu agidan degerlendirildigine, Tiirkiye’de 6zellikle 2020 yilindan sonra
finansal tablolarin enflasyon diizeltmesine tabi olmasi gereklilik haline gelmistir. Calismanin
arastirma doneminin 2021 y1l1 ile sonlandirilmasinin temel nedeni, yiiksek enflasyonun analize dahil
edilen veriler tizerindeki etkilerini minimuma indirmektir.

4.1. Arastirmanin Amaci ve Onemi

Bu arastirmanin temel amaci, 2016-2021 yillar1 arasinda BIST Teknoloji Endeksi’nde igslem goren
igletmelerin nakit akislarinin yapay sinir aglar1 yontemi ile tahmin edilmesi ve tahmin yontemiyle
elde edilen sonuglar dogrultusunda yontemin uygulanabilirligini degerlendirmektir. Arastirma;
Covid-19 salgininin diinya genelinde ve Tiirkiye’de teknoloji kullanimini ve gesitliligini 6nemli
Ol¢iide artirmasindan dolayi, teknoloji sektoriinde yasanan biiyiime ve doniisiimle dogrudan iligkili
olmasi agisindan olduk¢a 6nem tagimaktadir.

Bu donemde, teknoloji isletmeleri hizli degisimlere ayak uydurabilmek ve rekabet avantajlarini
stirdiirebilmek i¢in aragtirma ve gelistirme (Ar-Ge) yatirimlarina daha fazla odaklanmislardir. Bu
durum, firmalarm yenilikgi tirlin ve hizmet gelistirme siireglerine hiz kazandirmasini gerektirirken,
ayni zamanda bu yatirimlarin yaratacagi nakit ihtiyacinin dogru sekilde 6ngoriilmesini ve etkin bir
bicimde yoOnetilmesini kritik bir gereklilik haline getirmistir. Bu baglamda, teknoloji isletmelerinin
nakit akislarmin dogru bir sekilde tahmin edilmesi, stratejik planlama, kaynak yonetimi ve finansal
istikrar saglama acisindan biiylik 6nem tagimaktadir.

4.2. Arastirmanin Orneklemi

BIST Teknoloji Endeksi’nde 2024 yili itibariyle toplam 38 adet hisse senedi islem gérmektedir.
Ancak, aragtirmanin Orneklemi, 2016-2021 yillar1 arasinda hisse senetleri BIST Teknoloji
Endeksi’nde islem goren, finansal raporlama standartlarina uygun sekilde diizenli olarak nakit akis
tablosu, gelir tablosu ve finansal durum tablosu yaymlayan 19 firmadan olusturmaktadir. 2016-2021
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doneminde siirekli olarak endekste islem gdrmeyen, finansal raporlama standartlarina uygun sekilde
diizenli olarak nakit akis tablosu, gelir tablosu ve finansal durum tablosu yaymlamayan firmalar
ornekleme dahil edilmemistir.

4.3. Arastirmanin Degiskenleri

Arastirmada kullanilan degiskenler, girdi (bagimsiz) ve ¢ikti (bagimli) olmak iizere iki ana gruba
ayrilmaktadir. Girdi degiskenleri, firmalarin finansal yapisini ve performansini temsil eden unsurlari
icermekte olup nakit ve nakit benzeri varliklar, ticari alacaklar, stoklar, kisa vadeli yabanci kaynaklar,
ozkaynaklar, satiglar, faaliyet giderleri, vergi, donem net kar/zarar, toplam varliklardan olugsmaktadir.
Cikt1 degiskenleri (bagimli) ise firmanin esas faaliyetlerinden kaynaklanan nakit akislari, yatirim
faaliyetlerinden kaynaklanan nakit akislari1 ve finansman faaliyetlerden kaynaklanan nakit
akiglarindan olugsmaktadir.

4.4. Verilerin Analizi

Caligmada kullanilan veriler yillik olarak arastirmaya dahil edilmistir. Firmalarin gelir tablolari, nakit
akis tablolar1 ve finansal durum tablolarina iliskin veriler isletmelerin web sayfasindaki mali
tablolarindan elde edilmistir. Nakit akislarinin yapay sinir aglari aracilifiyla tahmin edilmesinde
MATLABR2023b programi kullanilmstir.

Analize verilerin diizenlenmesi ile baglanmistir. Yapay sinir aglarinda kullanilan verilerin asir1 biiyiik
ya da kiiciik degerlere sahip olmasi, agin yanlis sonuglar iiretmesine yol acabilmektedir. Bu sorunu
gidermek i¢in verilerin normalizasyon islemine tabi tutulmasi gerekmektedir. Literatiirde farkli
normalizasyon yontemleri bulunmakta olup, hangi yontemin secilecegi yapay sinir ag1 tasarimeisinin
tercihine birakilmigtir (Stisler, 2022: 107). Bu ¢alismada verilerin normalize edilmesinde min-max
yontemi kullanilmigtir. Verileri [0,1] araligina doniistiirmek igin kullanilan min-max yonteminin
formiilii asagidaki denklemde verilmistir (Giineri Tosunoglu ve Keskin Benli, 2014: 77):

o xXi—Min(x;)
L™ (Max (xp)-Min (x;)

X 4.1)
(4.1)’de yer alan denklemde, x' ; normalize edilmis x degerini, x; girdi degerini, max (x;) girdi
setinde yer alan en biiyiik degeri, min (x;) ise girdi setinde yer alan en kiigiik degeri
simgelemektedir. Veriler normallestirildikten sonra verilerin egitimi agamasina ge¢ilmektedir.

Veriler normallestirildikten sonra modelin egitim asamasina gegilir. Verilerin egitimi sirasinda
ortaya ¢ikan sorunlardan biri olan asir1 uyumu 6nlemek i¢in veri seti egitim, test ve dogrulama seti
olmak iizere {i¢ alt gruba ayrilir. Egitim siirecinde, sisteme girdi degerleri ile hedeflenen c¢ikti
degerleri sunulur. Model, bu degerler arasinda bir iligki kurarak hedeflenen ¢iktiya ulagmak igin
calisir. Egitim asamasini takiben, test asamasi devreye girer. Bu asamada, egitim sirasinda kullanilan
degerlerin tiimii yeniden sisteme sunulur. Ancak, egitim asamasidan farkli olarak, test asamasinda
hedef degerler sisteme gosterilmez. Sisteme yalnizca girdi degerleri saglanir ve algoritmanin bu
girdilere dayanarak dogru g¢iktiyr iiretebilme yetenegi degerlendirilir. Bu siireg, modelin genel
performansini ve gercek verilere ne kadar iyi genelleme yapabildigini 6l¢gmek i¢in kritik bir adimdr.
Yapay sinir aglarinin egitim agsamasindaki bir adim da agm 6grenmek i¢in kullanabilecegi desenleri
saglamaktir. Dogrulama verilerinin kullanimi, ag1 daha genellestirilebilir hale getirir ve agm egitim
noktalara ¢ok fazla odaklanmasini onler. YSA’lar1 egitmenin bu yontemine erken durdurma adi
verilir (Ulusoy, 2010; Hajizadeh ve digerleri, 2012; Tian ve digerleri, 2021). Bu veri setinde
kullanilacak % oram belirlenirken, yapilan deneme sonuglari asagida sunulmustur.
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Train Validation Test RMSE R2
0.7 0.15 0.15 0.0079546 0.99321
0.6 0.2 0.2 0.06e5789 0.53561
0.8 0.1 0.1 0.0z21247 0.95156
0.5 0.25 0.25 0.019752 0.95814

Resim 1: Model Performansi: Egitim, Dogrulama ve Test Oranlarina Gore Karsilastirma

En iyi performans, RMSE degerinin en diisiik, R? katsayisinin ise en yiiksek oldugu durumda ortaya
¢ikmaktadir. Bu baglamda, %70 egitim, %15 dogrulama ve %15 test orani ile elde edilen model en
basarili model olarak 6ne ¢ikmaktadir. Bu modelde: RMSE degeri 0.0079 ile en diisiik seviyededir.
R? degeri 0.9932 ile modelin bagimli degiskeni aciklama giicii oldukga yiiksektir.

Bir sonraki asama modelin yapilandirilmasi asamasidir. Bu asamada, girdi, gizli ve ¢ikt1
katmanlarinin sayisi; her katmandaki néron sayisi, aktivasyon fonksiyonu; 6grenme algoritmasi ve
algoritmanin parametreleri ile performans kriteri belirlenir. Oncelikle sinyalin akis yonii tercihi
yapilir. YSA’larda sinyalin akis yonii ileri beslemeli ve geri beslemeli ag olarak ikiye ayrilir. Ileri
beslemeli yapay sinir agilarinda bilgi yalnizca bir yone, yani gizli katmanlar araciligiyla girdiden
ciktrya dogru ileri yone gider. Bir girdi katmanindan, en az bir gizli katmandan ve bir ¢ikti
katmanindan olusur. Geri beslemeli YSA’lar bilginin hem ileri hem de geri yonde akmasina olanak
tantyan geri bildirim yollarma sahiptir. Bu yapilarda bilgi, giris katmanindan gizli katmanlar
araciligiyla ¢ikis katmanina, oradan da tekrar giris katmanina dogru akabilir. Cikis katmani, dongiiler
araciligryla giris katmanlarina yeniden baglanir (Gupta ve Gupta, 2022). Bu arastirmada olusturulan
model ileri beslemeli bir yapay sinir ag1 olarak tasarlanmistir.

Arastirmada, yapay sinir ag1 egitiminde hatay1 geriye dogru yayan Levenberg-Marquardt (LM)
algoritmasi kullanilmigtir. Levenberg-Marquardt (LM) algoritmasi, ileri beslemeli-geriye yayilimli
algoritmalarla birlikte kullanilabilen etkili bir yontemdir. Bu algoritmanin hizli yakinsama 6zelligi,
egitim siireglerinde 6nemli bir avantaj saglar. Bunun yaninda, az sayida parametre igermesi ve
yalnizca birinci dereceden kismi tiirevlerle g¢alisabilmesi hem hesaplama kolayligi hem de
uygulanabilirlik agisindan algoritmay1 dne ¢ikarir (Okkan, 2018: 354).

Bir sonraki asama modelin egitilme siirecidir. Modelin egitilmesine iliskin Resim 2’de yer alan
veriler incelendiginde modelin dogrulama kriterine bagl olarak 14. iterasyonda durdurulmus olan
egitim siireci, 15. iterasyona gelmeden sona ermistir. Bu durum, erken durdurma ydnteminin etkin
bigcimde uygulandigini ve modelin asir1 6grenme riskinden basariyla kagindigint gostermektedir.
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Training Progress

Umnit Initial Value Stopped Value Target Value

Epoch | (7] 15 1000 =
| Elapsed Time ' - | oo0w00:00 | -
| Performance ' 0293 |  s5.87e05 | o
| Gradient ' 1.47 ' 0.00277 ' 1e-07
MU 0001 1e-05 Te+10
‘alidation Checks 0] S S =

Resim 2: Egitim Siireci Parametreleri

Veri setiyle ilgili olarak gergeklestirilen egitim, test ve dogrulama testleri sonucu elde edilen verilerin
tahmini deger sonuclari, Resim 3’te sunulmustur. Egitim asamasi, modelin veri setindeki desenleri
o0grenmesine odaklanirken, test agamasi, modelin genelleme kapasitesini degerlendirmek igin
gergeklestirilmistir. Dogrulama asamasi, modelin asir1 6grenme egilimini 6nleme iglevini yerine
getirmektedir. Bu siireglerin her biri, modelin etkinligi ve giivenilirligi agisindan kritik énem
tasimaktadir.

Training: R=0.99954 Validation: R=0.95696
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Resim 3. Egitim, Dogrulama, Test ve Toplam Verileri Tahmin Degerleri

Modelin performans analizi, yiiksek bir tahmin dogrulugu sergiledigini agikca ortaya koymaktadir.
Egitim veri seti lizerinde %99, 95 gibi oldukga yiiksek bir dogruluk oranina ulagilmis olmasi, modelin
egitim siirecinde verilen verilere miikkemmele yakin uyum sagladigini gostermektedir. Dogrulama
veri setinde %95,69 ve test veri setinde %98,80 dogruluk oranlariin elde edilmesi ise modelin
genelleme yeteneginin giiclii oldugunu gostermektedir. Modelin genel tahmin dogrulugunun %99,11
olarak hesaplanmasi, modelin toplamda oldukga basarili bir tahmin mekanizmasina sahip oldugunu
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ortaya koymaktadir.

Tahmin performansini destekleyen bir diger dnemli metrik olan Root Mean Squared Error (RMSE)
degeri, bu galismada 0.0079 olarak bulunmustur. Bu diisiik RMSE degeri, modelin tahmin edilen ve
gercek degerler arasindaki hatalarmin olduke¢a kiiciik oldugunu, dolayistyla tahmin sonuglarinin
yliksek bir kesinlik ve giivenilirlikle gercek degerlere yaklastigini ortaya koymaktadir. Bu durum,
modelin yalnizca egitildigi verilerde degil, ayn1 zamanda yeni veri setlerinde de etkili ve dogru
sonuglar iiretebilecegini gostermektedir.

Cikt1 degiskenleri olan esas faaliyetlerden, yatirim ve finansman faaliyetlerinden nakit akislariin
tahmini ve gercek deger grafikleri yillar itibariyle incelendiginde;
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Grafik 1. Esas Faaliyetlerden Nakit Akis Tahmini

Grafik, 2016-2021 yillar1 arasinda esas faaliyetlerden nakit akis1 degerlerini gergek ve tahmini olarak
karsilagtirmaktadir. Genel olarak, tahmin degerleri gergek degerlere yakin seyretmekte ve benzer bir
trend izlemektedir, bu da tahmin modelinin giivenilirligini gostermektedir. 2017 yilinda degerlerde
belirgin bir artig, 2018’de ise ani bir diisiis goriilmektedir; bu dalgalanmalar ekonomik kosullar veya
igletme ici faktorlere bagl oldugu diisiiniilmektedir. 2020-2021 arast donemde hem gercek hem
tahmini nakit akiginda giiclii bir artig yaganmis ve tahminler gergegi biiyiik 6l¢iide yansitmistir.
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Grafik 2. Yatirnm Faaliyetlerinden Nakit Akis Tahmini

2016-2021 yillar1 arasinda yatirim faaliyetlerinden nakit akisi igin yapilan tahminlerin gergek
degerlere olduk¢a yakin oldugu, modelin, 6zellikle genel egilimi basarili bir sekilde yakaladig: ve
kiiglik sapmalar disinda yiiksek dogrulukla tahminler iireterek basarili bir performans sergiledigi
gozlemlenmistir. Yillar itibariyle incelendiginde 2017 yilinda gercek nakit akiginda 6nemli bir artis
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gozlenirken, 2018 yilinda ise dikkate deger bir diisiis yasanmistir. Bu tiir dalgalanmalar, ekonomik
belirsizlikler, yatirim stratejilerindeki degisiklikler veya sektorel faktorlerden kaynaklanabilir. 2019
yilindan itibaren hem gercek hem tahmin edilen nakit akiglarinda diizenli bir artis trendi
bulunmaktadir ve 2021 yilinda bu artig en yiiksek seviyeye ulagmustir.
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Grafik 3. Finansman Faaliyetlerinden Nakit Akis Tahmini

Model, 2016-2021 yillar1 arasindaki finansman faaliyetlerinden nakit akiglarini basarili bir sekilde
tahmin etmis ve genel trendi dogru bir sekilde yakalamigtir. Tahminler, ger¢ek degerlere oldukga
yakin olup, modelin performansi iyi diizeydedir. 2016-2018 doneminde nakit akiglart diigiik
seviyelerde seyrederken, 2019 yilindan itibaren belirgin bir artis egilimi baglamis ve 2021 yilinda en
yiiksek seviyeye ulasmustir. Ozellikle 2018 y1l1, gercek ve tahmini degerlerin birbirine oldukca yakin
oldugu, tahmin modelinin bu donemde basarili bir performans sergiledigi bir yil olarak 6ne
cikmaktadir. 2020-2021 doneminde ise ger¢ek ve tahmini degerler arasindaki farkliliklar sinirlt
diizeyde olup, tahmin modelinin genel anlamda etkili bir dogruluk sundugu degerlendirilebilir.

5. SONUC

Nakit akigi, firmalarin finansal siirdiiriilebilirligini saglamak agisindan kritik 6neme sahiptir. Nakit
akiglarmin tahmin edilmesi firmalarin gelecekteki nakit giris ve cikiglarini ongérerek finansal
planlama yapmasina olanak tanir. Bu tahminler, olasi nakit sikintilarini 6nceden fark etmeyi, yatirim
ve bor¢ 6deme kararlarii dogru bir sekilde almayi saglar. Ayrica, beklenmedik harcamalara kars1
hazirlikli olmay1 ve firmanin biiyiime firsatlarini degerlendirmesini destekler. Bu ¢aligmanin amaci,
nakit akislarini yapay sinir aglart kullanarak tahmin etme yetenegini degerlendirmek ve bu
yontemlerin dogruluk ve etkinligini analiz etmektir. Bu arastirmada yapay sinir aglarinin nakit akis
tahminindeki performansi analiz edilmis ve elde edilen sonuglar tahminleme giiciiniin yiiksek
oldugunu gostermistir. Modelin egitim, dogrulama ve test veri setlerindeki tahmin dogruluk oranlari
strastyla %99,95; %95,69 ve %98,80 olarak hesaplanmistir. Bu yiiksek dogruluk oranlari, modelin
veri setlerini etkili bir sekilde 6grenip genelleme yapabildigini gostermektedir. Tiim veri setleri bir
arada degerlendirildiginde modelin genel tahmin giiciiniin %99,11 seviyesinde oldugu goriilmiis ve
bu sonug, modelin oldukg¢a basarili bir sekilde ¢alistigini kanitlamistir. Bununla birlikte, Root Mean
Squared Error (RMSE) degeri 0.0079 olarak bulunmus olup, bu diisiik deger modelin tahminlerinin
gercek degerlere ¢ok yakin oldugunu ve hata oranlariin minimal diizeyde kaldigini ifade etmektedir.

Modelin farkli faaliyetlerden nakit akislarini tahmin etme yetenegi de ayri ayr1 degerlendirilmistir.
Esas faaliyetlerden nakit akislarinin tahmininde modelin, gergek degerlerle tahmini degerler arasinda
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neredeyse fark olmayan sonuglar irettigi gozlemlenmistir. Bu durum, modelin operasyonel
faaliyetlerin nakit akisini dogru bir sekilde tahmin edebildigini gostermektedir. Yatirim faaliyetleri
acisindan bakildiginda, modelin 2016-2021 yillart arasindaki genel egilimleri basarili bir sekilde
yakaladig1 ve kiigiik sapmalar disinda yiiksek dogrulukta tahminler iirettigi goriilmiistiir. Finansman
faaliyetlerinden nakit akiglarinin tahmini de benzer sekilde basarili bulunmus; model, bu faaliyetlerin
genel trendlerini dogru bir sekilde tespit ederek giivenilir sonuclar liretmistir. Sonug olarak, bu
calisma, yapay sinir aglarinin finansal stireclerdeki etkinligini agikca ortaya koymus ve bu modellerin
ozellikle nakit akig tahmini gibi karmagik gorevlerde yiiksek performans sergiledigini gostermistir.
Minimal hata oranlari, giiclii genelleme kabiliyeti ve farkli faaliyet alanlarindaki yiiksek tahmin
dogrulugu, yapay sinir aglarmin firmalarin finansal karar alma siire¢lerinde 6nemli bir arag olarak
kullanilabilecegini gdstermektedir. Bu yontem, finansal planlama ve risk yonetiminde firmalara
degerli katkilar saglayabilecek bir potansiyele sahiptir. Bu sonuglar Sulef (2016), Ashour (2019),
Weytjens, Lohmann ve Kleinsteuber (2019), Dadteev, Shchukin ve Nemeshaev (2020) ve Faricha ve
digerleri (2022), Talebi, Abdi, Hajiha ve Rezaei (2022) ile Zhu, Yan ve Bai (2022) tarafindan
gerceklestirilen ¢aligmalarda da tespit edildigi gibi yapay sinir aglarinin bir isletmedeki nakit akigi
gelismelerini tahmin etmek i¢in etkili bir sekilde kullanilabilecegi sonucuna ulasilmistir.

Arastirmacilar, modelin genelleme yetenegini daha iyi degerlendirebilmek igin farkli sektorlerden ve
igletme tiirlerinden alinan veri setleriyle calisabilir. Bu, modelin performansinin sektorler arasi
tutarliligini incelemek agisindan faydali olacaktir. Caligmada kullanilan yapay sinir ag1 modeline ek
olarak, derin 6grenme tabanli daha karmasik modeller (6rnegin, Long Short-Term Memory-LSTM
veya transformer mimarileri) ile analiz yapilabilir. Bu, 6zellikle uzun vadeli tahminlerde daha iyi
sonuglar elde edilmesine olanak saglayabilir.
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Sigorta Sirketlerinin Finansal Raporlama Siireclerinde Dijitallesmenin Rolii:
BIST Ornegi

Murat KARAHAN!
Ali YORUK?
0Oz
Bu ¢alisma, Tiirkiye’de sigorta sektoriinde faaliyet gésteren ve paylart Borsa Istanbul’da islem gdren ayni zamanda Kamu
Aydinlatma Platformu (KAP) tizerinden diizenli olarak faaliyet raporu yaymmlayan alti sigorta sirketinin 2019-2023 yillari
arasindaki faaliyet raporlarmi inceleyerek dijitallesme kavramina ne 6lgiide yer verdiklerini ve bu siirece verdikleri dnemi
degerlendirmeyi amaglamaktadir. Calismada, Maxqda 2020 yazilimi kullanilarak elde edilen veriler dort ana tema altinda analiz
edilmistir: Dijitallesme ve teknoloji, raporlama siiregleri, zorluklar ve riskler, sirket stratejileri. Analiz sonuglari, sigorta
sirketlerinin yenilik¢i teknolojilere oncelik vererek hem rekabet avantaji kazandigini hem de finansal raporlama siireglerini
gelistirdigini ortaya koymustur. Dijitallesmenin, dogruluk, seffaflik ve yasal uyum gibi unsurlar tizerinde olumlu etkiler sagladigi,
ancak teknik zorluklar, calisan adaptasyonu ve siber giivenlik gibi risklerle karsilagildigi belirlenmistir. Sirketler arasinda
dijitallesme yatirimlart ve stratejileri agisindan farkliliklar gozlemlenmis, Aksigorta en fazla yatirim yapan sirket olarak one
cikarken, Ray Sigorta en az yatirim yapan sirket olarak tespit edilmistir. Bu ¢alisma, dijitallesmenin finansal raporlama siireclerine
etkisini degerlendirmesi bakimmdan sigorta sektoriine yonelik literatiirdeki boslugu doldurmasi agisindan literatiire 6nemli bir
katk1 sunmaktadir. Dijitallesmenin sigorta sektoriindeki finansal raporlama siireglerine etkilerini ¢ok boyutlu bir bakis agisiyla ele
almis ve sektoriin dijital dontisim dinamiklerine iliskin degerlendirmelerini igermektedir. Gelecekte dijitallesmenin uzun vadeli
etkilerini ve siirdiiriilebilirlik tizerindeki roliinii inceleyen aragtirmalarin yapilmasi 6nerilmektedir.

Anahtar Sozciikler: Dijitallesme, Sigorta Sirketleri, Muhasebe, Finansal Raporlama, MAXQDA Analizi.
JEL Kodlar: M40, M41, M42.

The Role of Digitalization in Financial Reporting Processes of Insurance Companies: BIST
Case

Abstract

This study aims to evaluate the extent to which the concept of digitalization is included and the importance they attach to this
process by examining the activity reports of six insurance companies operating in the insurance sector in Tiirkiye, whose shares
are traded on Borsa Istanbul and which regularly publish activity reports through the Public Disclosure Platform (KAP) between
the years 2019-2023. In the study, the data obtained using the Maxqda 2020 software was analyzed under four main themes:
digitalization and technology, reporting processes, challenges and risks, and company strategies. The analysis results revealed that
insurance companies gained both competitive advantage and improved their financial reporting processes by prioritizing
innovative technologies. It was determined that digitalization provided positive effects on elements such as accuracy, transparency,
and legal compliance, but encountered risks such as technical difficulties, employee adaptation, and cybersecurity. Differences
were observed between the companies in terms of digitalization investments and strategies, and Aksigorta stood out as the
company that invested the most, while Ray Sigorta was identified as the company that invested the least. This study provides an
important contribution in terms of filling the gap in the literature on the insurance sector in terms of evaluating the impact of
digitalization on financial reporting processes. It addresses the impact of digitalization on financial reporting processes in the
insurance sector from a multidimensional perspective and includes evaluations on the digital transformation dynamics of the
sector. It is recommended that future studies be conducted to examine the long-term impacts of digitalization and its role on
sustainability.
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EXTENDED SUMMARY
Introduction

In today’s financial sector, insurance companies play a significant role, second only to banks. As an
economic activity, insurance provides risk management and allocation services (Uckar and Petrovié,
2022: 50). On a microeconomic scale, the insurance sector compensates for damages, while on a
macroeconomic scale, it contributes to economic development by generating financial resources
(Altan and Yildirim, 2019: 346). Given their structural significance, insurance companies must
ensure corporate sustainability and transparency by preparing financial reports that comply with
global standards (Isseveroglu, 2021: 47).

Technological advancements have accelerated the digital transformation of various industries,
including insurance. The widespread use of digitalization has enabled institutions to communicate
and process transactions more efficiently, fostering speed, transparency, and accuracy (Yiicel and
Adiloglu, 2019: 54-55). Financial reporting has been reshaped through automation, artificial
intelligence, and data-driven systems, reducing errors and costs while increasing accessibility and
efficiency (Dursun et al., 2019: 264).

This study examines the impact of digitalization on financial reporting processes in the Turkish
insurance sector. The research is based on the content analysis of the activity reports of six major
insurance companies listed on the Public Disclosure Platform (KAP) between 2019 and 2023. The
study uses MAXQDA 2020, a qualitative data analysis software, to assess how digitalization is
integrated into financial reporting practices and how reporting trends are evolving.

Literature on Research

Eskin and Sarisoy (2023) examined the level of digitalization in accounting undergraduate programs
of 17 universities in Tiirkiye by conducting content analysis with MAXQDA 2020. The findings
show that there are courses on digital applications in accounting education, but they are insufficient.
In particular, deficiencies in competencies related to computer security, data protection and
production processes were identified.

Karyagdi and Koca (2023) examined the effects of the digitalization process on the accounting
profession through qualitative data analysis with MAXQDA 2020. From the interviews conducted
with financial advisors operating in Elbistan in 2022, it was determined that digital transformation
provided the profession with time savings, speed, adaptation, communication and efficiency, and
increased the quality of accounting information in terms of ease of access to information.

Bektas and Yiicel (2023) examined how the concept of social sustainability is addressed through
content analysis of 39 integrated reports published in the last three years in Tiirkiye using MAXQDA.
The findings show that businesses emphasize education and equality issues while supporting social
sustainability.

Method of The Research

This research uses qualitative content analysis to assess how digitalization affects financial reporting
practices in the Turkish insurance sector. The study analyses 30 annual reports published by six
insurance companies between 2019 and 2023. The companies included in the research are:

e Anadolu Hayat Emeklilik A.S.
e Aksigorta

® Ray Sigorta

o Anadolu Sigorta

o Tiirkiye Sigorta

o Agesa Hayat Emeklilik A.S.

Data were analyzed using MAXQDA 2020, which allows for systematic qualitative and quantitative
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data classification. The research framework is structured around four key dimensions:
Digitalization and Technology (automation, artificial intelligence, data analytics)
Reporting Processes (accuracy, transparency, regulatory compliance)

Challenges and Risks (technical difficulties, cybersecurity threats, employee adaptation)
Company Strategies (investment in digitalization, long-term objectives, partnerships)
The following research questions guide the analysis:

e How has digitalization transformed financial reporting processes in insurance companies?

e What are the most significant impacts of digitalization between 2019 and 2023?

e What are the differences among insurance companies embracing digitalization and what factors
contribute to these differences?

The content analysis focuses on the frequency of digitalization-related terms, trends in financial
reporting practices, and strategic variations among companies.

Findings of The Research
1. Digitalization and Technology

The analysis reveals that insurers are prioritizing automation, Al, and data analytics to improve their
financial reporting processes. The most frequently mentioned aspect is “new technologies” (125
codes), indicating that companies invest in innovative tools to gain a competitive advantage.

e Automation (40 codes) has significantly reduced manual workload and increased reporting
efficiency.
e Data analytics (31 codes) has improved financial decision making and risk assessment.

2. Reporting Processes

Digitalization has strengthened fundamental elements such as accuracy, transparency and compliance
with legislation in financial reporting processes. In the analysis, “accuracy and transparency” (229
codes) stand out as the most emphasized concepts and reveal the critical role that digitalization plays
in the production of reliable financial information. In addition, the expression “compatibility” (41
codes) shows how important digitalization is in the adaptation process to new reporting standards. In
addition, “speed and efficiency” (20 codes) point to the operational contributions that digitalization
provides to reporting processes; it is seen that processes can be carried out faster and more effectively
thanks to automatic reporting tools.

3. Challenges and Risks
Despite its benefits, digitalization presents several challenges:

e Technical difficulties (code 158) reveal that insurance companies face technical obstacles such as
system integration and infrastructure deficiencies during the digitalization process.

e Employee training needs (65 codes) highlight the necessity of upskilling staff for digital
transformation.

e Cybersecurity concerns (47 codes) underscore the importance of protecting financial data from
security threats.

4. Company Strategies
Investment in digitalization varies across companies:

o Aksigorta (101 codes) leads in digital investment, indicating a strong commitment to digital
transformation.
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e Ray Sigorta (9 codes) has the lowest investment, suggesting a slower adoption of digital
technologies.

The findings indicate that digitalization strategies differ due to factors such as company size, financial
resources, and strategic priorities.

Conclusion

The research demonstrates that digitalization has significantly influenced financial reporting
processes in the Turkish insurance sector. The key findings highlight:

e Positive effects: Enhanced accuracy, transparency, and regulatory compliance.

e Challenges: Technical difficulties, cybersecurity risks, and employee adaptation remain significant
concerns.

e Strategic differences: Some companies prioritise digital investment, while others adopt a more
conservative approach.

Digitalization is of critical importance for improving financial reporting processes and ensuring that
insurance companies maintain their competitive advantage in the sector. However, for successful
implementation, companies must:

e Invest in technological infrastructure.
¢ Provide employee training programs.
e Develop cybersecurity and risk management strategies.

Future research should explore the long-term impacts of digitalization on financial reporting and its
implications for corporate sustainability.
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1. GIRIS

Glintimiizde sigorta sirketleri, bankalardan sonra en 6nde gelen finansal kuruluslar arasinda yer
almaktadir. Ekonomik bir faaliyet olarak sigorta, risk yonetimi ve risk tahsisi hizmetlerinin sunulmasi
seklinde tanimlanmaktadir (Uckar ve Petrovic, 2022: 50). Sigorta sektorii, mikro dlgekte hasarlarin
telafisini saglarken; makro Olcekte ise finansal piyasalara kaynak yaratarak ekonomiye 6nemli
katkilar sunmaktadir (Altan ve Yildirim, 2019: 346). Sigorta sektorii, finansal sistem iginde uzun
vadeli kaynak yaratma kapasitesi sayesinde, sektorel bilylime ile ekonomik kalkinma arasinda giiclii
ve dogrudan bir bag kurmaktadir (Akyiiz ve Kaya, 2013: 360). Sigorta sirketleri, sektorel yapilari
geregi ekonominin tim dinamiklerini destekleyen kritik bir sorumluluk iistlenmektedir. Bu nedenle,
kurumsal siirdiiriilebilirlik kriterlerine uygun raporlar hazirlayarak bu raporlari karar vericilerin
degerlendirmesine sunmalari biiyiik bir Snem tagimaktadir (Isseveroglu, 2021: 47).

Diinyadaki teknolojik gelismeler dijital ¢aga tasinmis ve bu alanda hizli bir artis kaydedilmistir (Mert
ve digerleri, 2022: 196). Dijitallesme ve internet kullanimimin yayginlasmasiyla birlikte, farklt kisi
ve kurumlar elektronik ortamda kolayca iletisim kurabilmekte ve bu durum, insanlara ve kurumlara
iglemlerini daha hizli ve verimli bir sekilde gerceklestirme imkani saglamaktadir (Yiicel ve Adiloglu,
2019: 54-55). Muhasebenin birbiriyle iletisim kurabilen etkilesimli sistemlere doniismesi, belge,
kayit, rapor, arsiv ve denetim siire¢lerinin hizli, kolay, hatasiz ve diisiik maliyetle tim bilgi
kullanicilart tarafindan erigilebilir hale gelmesini saglayacaktir (Dursun ve digerleri, 2019: 264). Bu
baglamda, dijitallesme, finansal raporlama siireglerinin gelistirilmesi ve modernlestirilmesi i¢in kilit
bir unsur olarak karsimiza ¢ikmaktadir.

Bu calisma, Tiirkiye’de sigorta sektoriinde faaliyet gosteren ve paylar1 Borsa Istanbul’da islem goren
ayni zamanda Kamu Aydinlatma Platformu (KAP) iizerinden diizenli olarak faaliyet raporu
yayimlayan sigorta sirketlerinin finansal raporlama siireglerinde dijitallesme etkilerini incelemeyi
amaglamistir. 2019-2023 yillar1 arasinda paylar siirekli olarak Borsa Istanbul’da islem goren;
Anadolu Hayat Emeklilik A.S., Aksigorta, Ray Sigorta, Anadolu Sigorta, Tiirkiye Sigorta ve Agesa
Hayat Emeklilik A.S. olmak iizere 6 farkli sigorta sirketinin faaliyet raporlarina dayanan igerik
analizi, bu dijital doniisiimiin boyutlarini ve etkilerini anlamak i¢in 6nemli bir temel olusturmaktadir.
Verilerin analizi, aragtirmanin giivenirligini artirmak amaciyla MAXQDA nitel veri analiz programi
kullanilarak gergeklestirilmistir. Sigorta sektoriinde dijitallesmenin finansal raporlama siireglerine
etkisini ele alan g¢aligmalarin sayica sinirli ve genellikle yiizeysel diizeyde kalmasi, bu alanin
derinlemesine ve sistematik bigimde incelenmesini gerekli kilmaktadir. Bu dogrultuda, bu ¢aligma,
sigorta sirketlerinin dijitallesme siireglerini finansal raporlama uygulamalarina nasil entegre
ettiklerini ve bu entegrasyonun yillar i¢inde nasil bir doniisiim gosterdigini ortaya koyarak
literatiirdeki teorik ve uygulamaya yonelik boslugu doldurmayi amaglamaktadir.

2. DIJITALLESME KAVRAMI

Teknolojik acidan, internet tabanli aglar, yapay zekd ve robotlarin rol oynadigi sayisallagsma
dinamigi, dijitallesme siireci olarak tanimlanabilir. Dijitallesme, ayni zamanda bilginin
sayisallagtirilmasi siireci olarak da ifade edilmektedir (Bozkurt ve Durgun, 2024: 31).

Modern toplumda ve endiistriyel ortamlarda, kurumsal isletim sistemleri giderek daha karmagik ve
otomatik hale gelmektedir. Bu sistemler, insanlar1, makineleri, is istasyonlarini, cihazlari, robotlari
ve uygun izleme, sensorler ve kontrol sistemleriyle donatilmig diger varliklar bir araya getirmektedir
(Parida, 2018: 24). Dijitallesme, oncelikle yazilim sistemlerinin kullanilmasiyla is siire¢lerinin
otomasyonu olarak igletmelerde kendini géstermis, daha sonra basta internet olmak iizere gelisen
cesitli dijital teknolojilerin destegiyle isletmelerin is modellerini degistirmelerine yol agmistir (Klein,
2020: 998). Farkli sistemler arasinda bilgi aligverisi kolay olmasa da, birlikte calisabilirligin
saglanmasi isletmeler arasinda giivenilir, dlgeklenebilir ve uygun maliyetli ticari bilgi paylasimim
miimkiin kilacaktir. Bu otomatik bilgi aligverisi, gliniimiiziin hizli ve karmagik yapisinda bir
gereklilik haline gelmistir (Hoffman ve Rodriguez, 2013: 77).
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Dijitallesme sayesinde, dijital bilgi sistemleri ve uygulamalarinin sundugu avantajlarla muhasebe
bilgilerinin giivenilirligi artmis, ayrica igletmeye iligkin i¢ ve dis denetimler daha kisa siirede
gerceklestirilerek seffaflik seviyesi ylikselmistir (Demirkan ve Arslan, 2019: 54). Biiyiik veri setleri,
yapay zeka algoritmalar1 yardimiyla zaman ve maliyet tasarrufu saglanarak hizli ve kolay bir sekilde
analiz edilebilir. Bu sayede, finansal raporlama siirecleri daha giivenilir ve verimli hale gelir, sirketler
ise dogru, zamaninda ve kaliteli bilgilere ulasarak daha saglikli isletme kararlar1 alabilir (Azaltun ve
digerleri, 2024: 96).

Mubhasebe ilkeleri siirekli gelismekte ve degismektedir. Teknolojik ilerlemeler ve dijitallesme,
muhasebe mesleginin yenilenmesine ve degisimine olanak tanimaktadir. Modern bilgisayar
sistemlerinin gelisimi, muhasebecilerin is yiikiini azaltmakta ve geleneksel yontemlerde sikga
karsilasilan tekrarlayan islemleri daha kolay ve hizli bir sekilde gerceklestirmelerini saglamaktadir
(Gulin ve digerleri, 2019: 428-429). Bu doniisiimde yapay zeka araglar1 6nemli bir rol oynamaktadir.
Gelisen teknoloji ve kiiresellesme siirecinde igletmelerin yapay zekdya olan gereksinimi giderek
artmaktadir. Yapay zeka, biiyiik veri depolama kapasitesi sayesinde muhasebe alaninda daha dogru
raporlamalar yapilmasina ve islemlerin daha saglikli bir gekilde yiiriitiilmesine olanak tantyarak
sektordeki doniisiimii desteklemektedir (Yaylali, 2024: 82).

3. LITERATUR ARASTIRMASI

Literatiirde sigorta sektoriinde yer alan sirketlerin dijitallesmesine yonelik bir¢ok ulusal ve
uluslararasi ¢alisma bulunmaktadir. Bu ¢alismalardan bazilar1 asagida yer almaktadir.

Bastiirka (2019) sigorta sektoriiniin bilisim teknolojilerindeki hizli gelismelerden nasil etkilendigini
ve bu doniisiime nasil uyum sagladigini incelemistir. Calismada, sektoriin teknolojik altyapisi ve
dijital stratejileri degerlendirilmis; police yazimi ve hasar yonetimi gibi temel siireclerde
dijitallesmenin kaginilmaz bir ihtiya¢ haline geldigi vurgulanmistir. Ayrica, dijital doniigiimiin
sigortacilik egitimi ve istihdam yapisi iizerinde de etkili oldugu belirtilmistir.

Sekeroglu ve Oziidogru (2019), dijitallesmenin sigortacilik sektoriinde ortaya gikardigi doniisiimii ve
ozellikle sigorta teknolojileri (InsurTech) alanindaki geligsmeleri ele almigtir. Caligmada, FinTech
catist altinda gelisen bu teknolojilerin, riziko hesaplamadan fiyatlamaya kadar cesitli alanlarda
sigorta sirketlerine ¢6ziim sundugu vurgulanmistir. Ayrica, InsurTech girisimlerinin sadece kullanici
dostu sistemler gelistirmekle kalmayip, miisteriyle daha yakin ve proaktif iliskiler kurarak hem risk
yonetimini kolaylagtirdigt hem de sektdriin genel verimliligini artirdigi belirtilmistir.

Eckert ve Osterrieder (2020) sigorta sektoriinde dijital doniisiimiin is modellerine etkisini ve BT
departmanlari i¢in olusturdugu firsatlar ve zorluklari incelemektedir. Yapay zeka, bulut bilisim gibi
dijital teknolojilerin sigorta sektoriindeki kullanim alanlart akademik ¢alismalar, sektor raporlart ve
denetim otoritelerinin yaymlar iizerinden analiz edilmistir. Arastirma, sigorta sirketlerinin BT
gereksinimlerini ve dijital teknolojiler arasindaki karsilikli bagimliliklar1 ortaya koyarak biitiinciil bir
dijital stratejinin gerekliligini vurgulamaktadir.

Kotan (2020) sigortacilik sektoriiniin dijitallesme stirecinde karsilasabilecegi firsatlar, tehditler,
giiclii ve zay1f yonlerini incelemektedir. Tiirkiye’de sigorta sektorii, ekonomi ve teknolojiyle paralel
olarak hizla gelismekte olup, sirketlerin ve dagitim kanallarinin teknolojik yenilikleri benimsemesi,
operasyonel verimliligi artirarak stirdiiriilebilirlige katki saglayacaktir. Dijitallesme sayesinde
stireclerin hizlanmasi ve kaynak tasarrufu saglanirken, sektoriin doniisiim siirecine uyum saglamasi
kritik bir gereklilik olarak 6ne ¢ikmaktadir.

Gonen ve Oziidogru (2021) sigorta miisterileri ile acente calisanlarinin dijitallesmeye yonelik
tutumlarini incelemistir. Ankara’daki sigorta acenteleri ve miisterileriyle yiiriitillen arastirma
sonucunda, sektorde dijital donlisimiin kagmilmaz bir gereklilik oldugu ve bu siirecin hizla
gelistirilmesi gerektigi ortaya konmustur. Calisma, sigorta sirketlerinin miisteri taleplerine ve dijital
doniisimiin  getirdigi yeniliklere uyum saglayabilmek icin teknolojiyi daha etkin sekilde
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benimsemeleri gerektigini vurgulamaktadir.

Soysekerci (2021) dijitallesmenin sigortacilik sektoriinde ortaya g¢ikardig: siber riskler ve giivenlik
onlemleri tlizerine odaklanmigstir. Calismada, artan teknoloji kullanimiyla birlikte siber saldirt
risklerinin geleneksel risklerin Oniine gectigi ve sigorta sirketlerinin siber risk sigortalar1 ile bu
ihtiyaca yanit vermeye basladigi vurgulanmistir. Gelismis iilkelerde sigorta kapsamindaki siber
giivenlik oranlarinin sinirl kalmasi ve gelismekte olan tilkelerdeki tecriibe eksikligi, dijital giivence
alaninda 6nemli bir bosluk oldugunu gostermektedir. Calisma, dijitallesen sigortacilik sisteminde
giivenlik ihlallerine kars1 alinmasi1 gereken 6nlemleri degerlendirmektedir.

Abdusalomova, Ergasheva ve Khaydarova (2022) sigorta sirketlerinde gelismis dijital teknolojilerin
kullanimin ve is siireglerine etkisini ele almaktadir. Ayrica, Bilgi ve iletisim Teknolojilerinin (BIT)
sigorta faaliyetlerini iyilestirmedeki avantajlarin1 vurgulamaktadir. Arastirma sonuglarina dayanarak,
sigorta sektoriine yonelik dneriler ve stratejik ¢ikarimlar sunulmustur.

Seving (2022) dijitallesmenin sigorta sektoriinde miisteri deneyimi iizerindeki etkilerini incelemistir.
Caligmada, dijital miisteri yolculugu kavrami kapsaminda police Oncesi, sigortalilik siireci ve
tazminat agamalarindaki doniisiim ele alinmis; sigorta sirketleri, araci kurumlar ve asistans hizmet
saglayicilariin bu siiregte iistlendigi roller degerlendirilmistir. Ayrica, dijitallesmenin sektoriin
gelecegi tizerindeki potansiyel etkileri ¢esitli uluslararasi 6rneklerle tartigilmistir.

Ulusoy (2023), yapay zeka uygulamalarinin sigorta sektoriindeki kullanim alanlarini incelemistir.
Calismada, diinya ve Tirkiye'deki lider sigorta sirketlerinin is modellerini gelistirmek amaciyla
yapay zekadan nasil yararlandiklari sistematik literatiir taramasi yontemiyle analiz edilmistir. Satig
ve pazarlama, misteri iligkileri, hasar yonetimi, fiyatlama ve risk degerlendirme gibi siireclerde
yapay zekdnin etkin bigimde kullanildigi tespit edilmistir. Bulgular, Tiirkiye'deki sirketlerin
cogunlukla zayif yapay zeka teknolojilerine odaklandigini; kiiresel dlgekteki sigorta sirketlerinin ise
hem zayif hem de gii¢lii yapay zeka uygulamalarini entegre ettiklerini gostermektedir.

Ozgelik (2023), sigorta sektériinde yapay zeka, makine dgrenmesi ve derin grenme teknolojilerinin
kullanimmi incelemistir. Calismada, sigortaciligin veri temelli yapisinin bu teknolojilerle nasil
biitiinlestigi ele alinmis; o6zellikle kisisellestirilmis prim tarifeleri, hasar tespiti, dolandiricilik
analizleri ve maliyet diisiiriicii otomasyon sistemlerinin bu doniigiimdeki rolii vurgulanmistir. Ayrica,
sigorta sektoriinde yasanan dijital evrim siireci, tarihsel gelismeler 1s18inda degerlendirilmis ve
makine 6grenmesi uygulamasina iligkin 6rnek bir analiz sunulmustur.

Ersan ve Senel (2024) dijitallesmenin sigorta sektoriinde Ozellikle sigorta acenteleri lizerindeki
etkilerini incelemistir. Calismada, sigortanin temelinde yer alan giiven duygusunun dijital doniisiimle
nasil pekistirildigi ele alinirken, dijital cagda sigorta dagitim kanallarmin rolii ve Onemi
vurgulanmstir. Ozellikle sigorta acentelerinin dijitallesme siirecine adaptasyonu, miisteri kazanimi
ve sirket karlilig1 agisindan stratejik bir unsur olarak degerlendirilmistir. Calisma, bu ydniiyle
literatiire katki saglamay1 amaglamaktadir.

Giilay, Attila ve Kabatas (2024) dijitallesme ve teknolojinin Tiirkiye sigortacilik sektdriine etkilerini
incelemektedir. Internet, yapay zeka, Blockchain ve Insurtech gibi yeniliklerin sigorta sirketlerinin
faaliyet ve pazarlama siireglerini dontistiirdiigii vurgulanmaktadir. SWOT analizi ile yapilan
degerlendirmede, dijitallesmenin sektdrde biiyiik bir degisimi tetikledigi belirlenmistir. Gelecekte bu
trendlerin daha da giiclenmesi beklenirken, veri giivenligi ihlalleri ve dijital uyum sorunlar1 gibi
risklerin de ortaya ¢iktig1 tespit edilmistir.

Senel ve Erener (2024) sigorta sektoriinde dijitallesme ve yapay zekd uygulamalarmin calisan
performanst iizerindeki etkilerini incelemistir. Arastirma bulgulari, dijital teknolojilere yonelik
algiin demografik 6zelliklerden etkilendigini ve dijitallesmenin ¢alisan performansini olumlu yénde
etkiledigini ortaya koymustur. Calisma, sigorta sirketlerinin dijital doniisiim siirecinde c¢alisan
yetkinliklerini artirmaya yonelik stratejiler gelistirmesi gerektigini vurgulamaktadir.
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4. ARASTIRMA

Sigortacilik sektorii, Tiirkiye’de gelismekte olan ve gelecek yillar i¢in biiylik potansiyel tagtyan bir
sektordiir. Dijital donilisiim ¢aginda, sigorta sektorii, geleneksel ve verimsiz uygulamalarini terk
ederek daha seffaf, hizli ve giivenilir finansal raporlama siireglerine yonelmelidir. Bu arastirmada,
Tiirkiye ozelinde sigorta sektdriindeki finansal raporlama siireclerinde dijitallesmenin rolii ele
alimmis ve akademik literatiire yapilan katkilar kapsamli bir sekilde degerlendirilmistir.

4.1. Arastirmanin Amaci ve Kapsami

Bu ¢alisma, Tiirkiye’de sigorta sektoriinde finansal raporlama siireglerinde dijitallesmenin etkilerini
sistematik bir igerik analiziyle ele alarak literatiirdeki Onemli bir boslugu doldurmayi
amaglamaktadir. Daha 6nce sigorta sektoriinde dijitallesmenin genel etkileri tizerine gesitli galismalar
yapilmis olsa da bu arastirma 2019-2023 yillar1 arasindaki finansal raporlama siire¢lerindeki
dijitallegsme egilimlerini detayl bir sekilde incelemektedir. Calismada, MAXQDA 2020 yazilimi ile
dijitallesme kavraminin raporlama siireclerinde nasil yer aldigi tematik ve frekans analizi yoluyla
belirlenmis; farkli sigorta sirketlerinin dijitallesmeye yaklasimlarindaki stratejik farkliliklar ortaya
konmustur. Bulgular, dijitallesmenin seffaflik, dogruluk ve yasal uyum gibi konulara olumlu katk1
saglarken; teknik zorluklar, ¢alisan adaptasyonu ve siber giivenlik gibi riskleri de beraberinde
getirdigini gostermektedir. Bu yoniiyle ¢alismanin, sigorta sektoriindeki dijital doniisiim siireglerine
dair ¢ok boyutlu bir analiz sunarak akademik literatiire hem yontemsel hem de igerik acisindan 6zgiin
bir katki saglamasi beklenmektedir. Ayn1 zamanda, sigorta sirketleri ve politika yapicilar icin
dijitallesme yatirnmlarinin etkin bir sekilde yonetilmesi konusunda Onemli pratik Oneriler
icermektedir.

4.2. Arastirmanin Yontemi

Arastirmacilara veri analizini adeta bir sanata doniistiirme, yani yaratict veri analizi imkani sunan
MAXQDA, nitel ve nicel verilerin sistematik bir sekilde diizenlenmesini, analiz edilmesini ve
degerlendirilmesini saglayan giiglii bir bilgisayar yazilimidir (Dereli, 2023: 149). Metin, video ve
fotograf gibi materyalleri aciklama ve teorik analiz siireglerinde kullanarak ozellikle sosyal ve
kiilttirel olgulara odaklanmaktadir (Marjaei ve digerleri, 2019: 1).

Nitel aragtirma ydnteminde, veri analizi siireci; belge tespiti ve tasnifi, veri tespiti, kodlama,
bulgularin belirlenmesi, elde edilen ¢iktilarin sunulmasi, yorumlanmasi ve ¢ikarimlar yapilmasi gibi
alt1 temel agamada degerlendirilmektedir. Bu ¢aligma, nitel yontem kullanilarak gergeklestirilen bir
durum ¢aligsmasidir (Creswell, 2017; Celik, 2023:779).

Calismada gergeklestirilen nitel veri analizinde asagidaki sorulara cevap aranmaktadir:

1. Dijitallesme, sigorta sirketlerinin finansal raporlama siireclerini nasil doniistirmektedir?
2. Dijitallesmenin 2019-2023 yillar1 arasindaki en belirgin etkileri nelerdir?
3. 2019-2023 yillar1 arasinda sigorta sirketleri arasinda dijitallesme siireclerinde hangi

farkliliklar gézlemlenmektedir ve bu farkliliklarin nedenleri nelerdir?

Yukarida yer alan arastirma sorular1 baglaminda, sigorta sektoriindeki alt1 farkl sirketin 2019-2023
yillar1 arasindaki faaliyet raporlari, finansal raporlama siireglerindeki dijitallesme unsurlarini
anlamak amaciyla Maxqda 2020 siiriimii ile analiz edilmigtir. Bu analizde, sirketlerin raporlarinda
kullanilan dijitallesme ile ilgili ifadelerden, raporlama siireglerinde kullanilan teknolojilere; seffaflik,
hiz ve dogruluk gibi unsurlarin vurgulanma sikligindan, karsilasilan zorluklarin detaylarina kadar
birgok parametre incelenmis ve anlamli veri setlerine ulasilmaya ¢aligilmistir.

Bu caligmada icerik analizi yontemi uygulanirken,

D Oncelikle sigorta sektdriindeki finansal raporlama siireclerinde dijitallesme arastirma
konusu olarak belirlenmistir. Bu konunun arastirilacagi materyal ise makale olarak saptanmigtir.
In Bu konunun analiz edilecegi materyal olarak 2019-2023 yillar1 arasinda Kamu Aydinlatma
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Platformu’nda (KAP) yayimlanan sigorta sirketlerine ait faaliyet raporlar1 se¢ilmistir. Toplanan
makaleler filtrelendirilerek analize uygun hale getirilmistir.

(II1) Ardindan Borsa Istanbul’da islem goren alt1 sigorta sirketinin faaliyet raporlari toplanmistir.
av) Toplanan raporlar filtrelenerek analize uygun hale getirilmistir.

2 Analize uygun goriilen raporlarin igerikleri incelenerek dort ana kategoriye ayrilmis ve bir
veri seti olusturulmustur: dijitallesme ve teknoloji, raporlama siiregleri, zorluklar ve riskler, sirket
stratejileri.

(VI Veri setinde yer alan raporlar, sirketlerin dijitallesmeye verdigi Onem, dijitallesme
yatirimlari, teknoloji kullanimi, raporlama siireglerindeki doniisiim, karsilasilan teknik ve
organizasyonel zorluklar gibi gesitli agilardan incelenmis ve elde edilen bulgular tablolar halinde
sunularak degerlendirilmistir.

o Mod Sistermi 1525
(T SIRKET STRATEJILERI 150
(o IS BIRLIKLERI 57
(T WFUMN W DELI HEDEFLER 71
(T DHITTALLESMRE WaTlRIPALS R ST

(g FORLUKLAR WE RISKLER =
(E o EGITIRA THTIEC &5
(T SIBER GIUWEMILIK A7
(o TEK MO OIK, O RLIUEL SR 152

(! AP ORLA RS SIUORECLERI T
CE ) LYW I P L L LV ER
(=) DMOGRIVLIJE WE SEFFEAFLIE 220
= HIZE WE WERIPALILITE 20
(T DN TNALLESMRME WE TERK ML I ==
(E o WERI AL LI TSI =1

(T WEMIT TEEMOLOILER 125

(! T P S I P T

Sekil 1. Kod Sisteminde Yer Alan Kodlamalar

Sekil 1°deki bu gorsel, sigorta sektériinde finansal raporlama siireglerinde dijitallesmenin etkilerini
analiz etmek i¢in olusturulmus bir kod sistemini gostermektedir. Toplamda 1535 kod igeren bu
sistem, sirket stratejileri, zorluklar ve riskler, raporlama siiregleri ve dijitallesme ve teknoloji olmak
iizere dort ana kategoride gruplandirtlmistir.

4.2.1. Sirket Stratejileri (Company Strategies)

Sirketlerin dijital doniistime yonelik stratejik yaklasimlar1 bu kategoride ele alinmistir. Dijitallesme
yatirimlari (334 kod), en fazla vurgu yapilan unsur olup sigorta sirketlerinin teknolojiye adaptasyonu
konusunda 6nemli yatirimlar yaptigini gostermektedir. Uzun vadeli hedefler (77 kod) ve is birlikleri
(50 kod) ise, dijital doniigiimiin yalnizca teknolojiye yapilan yatirimlardan ibaret olmadigini, ayni
zamanda sirketlerin siirdiiriilebilir dijital stratejiler olusturmak ve is birlikleri ile bu siireci
desteklemek zorunda oldugunu gostermektedir.

4.2.2. Zorluklar ve Riskler (Challenges and Risks)

Dijitallesme siirecinde karsilasilan teknik zorluklar (158 kod), sirketlerin sistem entegrasyonu ve
altyap eksiklikleri gibi teknik engellerle miicadele ettigini ortaya koymaktadir. Egitim ihtiyact (65
kod), ¢alisanlarin dijital doniigiime uyum saglayabilmesi i¢in gerekli egitim programlarinin énemini
vurgularken, siber giivenlik (47 kod) ise, dijitallesmenin getirdigi en biiyiik risklerden biri olarak 6ne
¢tkmaktadir. Bu bulgular, dijital doniisiim siirecinin sadece teknolojik gelismelerle degil, ayni
zamanda insan faktorii ve giivenlik 6nlemleri ile desteklenmesi gerektigini gostermektedir.

4.2.3. Raporlama Siirecleri (Reporting Processes)

Dijitallesmenin finansal raporlama {izerindeki etkileri incelendiginde, dogruluk ve seffaflik (229
kod) en ¢ok 6ne ¢ikan unsur olarak goriilmektedir. Bu durum, dijitallesmenin finansal raporlarin

407



SIGORTA SIRKETLERININ FINANSAL RAPORLAMA SURECLERINDE DiJiTALLESMENIN ROLU: BiST ORNEGI

giivenilirligini ve seffafligin1 artirarak sektor icindeki hesap verebilirligi giliglendirdigini
gostermektedir. Uyumluluk (41 kod), dijitallesmenin mevzuata ve regiilasyonlara uygun raporlama
yapilmasini sagladigini, hiz ve verimlilik (20 kod) ise dijitallesmenin raporlama siireglerini daha hizli
ve etkin hale getirdigini gdstermektedir. Ancak hiz ve verimliligin daha diisiik kodlanmis olmasi, bu
alanin gelismeye acik oldugunu gostermektedir.

4.2.4. Dijitallesme ve Teknoloji (Digitalization and Technology)

Sigorta sektoriinde dijitallesmenin en ¢ok odaklandigi alanlardan biri yeni teknolojiler (125 kod)
olarak 6ne ¢ikmaktadir. Bu durum, sirketlerin yapay zeka, biiyiik veri ve otomasyon gibi teknolojilere
yatirnm yaptigimmi gostermektedir. Veri analitigi (31 kod), dijitallesme siirecinde karar alma
mekanizmalarmin veri odakli hale geldigini gosterirken, otomasyon (40 kod) ise sigorta sektoriinde
is siireglerini hizlandirarak insan hatalarini minimize eden teknolojik doniisiimii vurgulamaktadir.

4.3. Arastirmanin Kisitlari

Bu arastirmanin belirli kisitlar1 bulunmaktadir. Oncelikle, calisma yalnizca Borsa Istanbul’da islem
goren ve Kamu Aydinlatma Platformu (KAP) iizerinden faaliyet raporu yayimlayan alti sigorta
sirketini kapsamaktadir. Bu durum, BIST te islem gérmeyen 6zel sigorta sirketleri ve uluslararast
sigorta firmalarinin dijitallesme siireglerinin incelenmesini simirlamaktadir. Ayrica, aragtirma 2019-
2023 yillar1 arasindaki faaliyet raporlarini icermekte olup daha 6nceki veya daha sonraki donemleri
kapsamamaktadir. Bu nedenle, dijitallesmenin uzun vadeli etkileri ve gelecekteki doniistim
dinamikleri tam olarak degerlendirilememistir. Caligmada nitel icerik analizi yontemi kullanilarak
faaliyet raporlarindaki dijitallesme temalar1 incelenmis olup nicel veri analizine (ekonometrik
modelleme, anket ¢alismasi vb.) yer verilmemistir. Bu durum, dijitallesmenin finansal raporlama
stireclerine etkisini daha genis bir perspektifte degerlendirmeyi kisitlamaktadir. Ayrica, arastirma
sadece sigorta sektoriine odaklandigindan, dijitallesmenin bankacilik veya yatirim sirketleri gibi
diger finansal hizmet sektorlerine olan etkisiyle ilgili karsilagtirmali bir analiz sunulamamaktadir.
Son olarak, dijitallesmenin hizla gelisen ve siirekli degisen bir siire¢ olmasi, arastirmada
degerlendirilen bulgularin zamanla gecerliligini yitirme olasiligini artirmaktadir. Bu nedenle,
gelecekte yapilacak arastirmalarda daha genis kapsamli veri setleri, farkli metodolojik yaklagimlar
ve uzun vadeli analizler ile konunun ele alinmasi 6nerilmektedir.

4.4. Arastirmanin Bulgular

Arastirma kapsam ve sinirliliklarina dair, bu ¢alisma kapsaminda Maxqda programinin 2020 siirtimii
ile 2019-2023 yillar1 arasinda sigorta sektoriindeki alt1 farkls sirketin faaliyet raporlart incelenmistir.
Calisma, yalnizca bu zaman araliginda kamuya agik sekilde yayimlanmis faaliyet raporlariyla
siirlidir. Calismanin bu dénemi ele almasinin ana nedeni dijitallesmenin ve yapay zeka konusunda
ortaya c¢ikan gelismelerin son yillarda yliksek bir hiza ulagmasidir. Bu nedenle, analiz edilen veriler,
belirli bir