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EXPLORING THE IMPACTS OF FINANCIAL FAILURE RISK ON
SUSTAINABLE GROWTH POLICIES: EVIDENCE FROM THE
BIST SUSTAINABILITY INDEX COMPANIES”

Finansal Basarisizhk Riskinin Siirdiiriilebilir Biiyiime Politikalar1 Uzerindeki
Etkileri: BIST Siirdiiriilebilirlik Endeksi Sirketlerinden Kanitlar

Fatih GUZYURDU ) & Serdar YAMAN “**

Abstract

This study investigates the impacts of financial failure risk on firms' sustainable growth
Keywords: policies using econometric analysis and aims to identify suitable financial failure models
Sustainable for the sustainable growth policies developing process. The study covers data from 38
Growth, Financial non-financial firms listed in the Borsa Istanbul Sustainability Index (XUSRD) for 2010-
Failure Risk, 2022. Sustainable growth is calculated by Higgins's (1977) sustainable growth rate
BIST (HSGR), while financial failure risks are assessed through Altman's (1983) Z'-score,
Sustainability Springate (1978) S-score, Taffler (1983) T-score, Fulmer et al. (1984) H-score and
Index, Legault (1987) CA-score models. The econometric approach employs a five-stage panel
Panel Data data methodology, including the pre-tests of multi-collinearity, cross-sectional
Analysis dependency, slope homogeneity, stationarity, autocorrelation, and heteroskedasticity.

Panel regression results reveal positive relationships between financial success and
JEL Codes: sustainable growth. However, the statistical significance of these relationships varies
C33, G32, across different financial failure models. The effects of T and H-scores are statistically
G33, Q56 significant, whereas Z', S, and CA-scores do not exhibit statistically significant effects.

Consequently, the findings suggest that T and H-score models should be prioritized in
sustainable growth policy development.

Oz

Bu ¢alisma, finansal basarisizlik riskinin firmalarin siirdiiriilebilir biiyiime politikalari
Anahtar iizerindeki etkilerini ekonometrik analiz yoluyla belirlemeyi ve siirdiiriilebilir biiyiime
Kelimeler: politikalar1 gelistirme stirecinde kullanilabilecek uygun finansal basarisizlik modellerini
Siirdiiriilebilir tespit etmeyi amacglamaktadir. Caligma, Borsa Istanbul Siirdiiriilebilirlik Endeksi'nde
Biiyiime, (XUSRD) islem goéren finansal olmayan firmalarin 2010-2022 donemi verilerini
Finansal kapsamaktadir. Siirdiiriilebilir biiyiime politikalart Higgins (1977) siirdiiriilebilir biiylime
Basarisizlik Riski, ~©rant (HSGR) kullanilarak, finansal basarisizlik riskleri ise Altman (1983) Z'-score,
BIST Springate (1978) S-score, Taffler (1983) T-score, Fulmer ve digerleri (1984) H-score ve
Siirdiiriilebilirlik Legault (1987) CA-score modelleri kullanilarak 6lgiilmustiir. Ekonometrik gergeve ¢oklu
Endeksi, dogrusal baglanti, yatay kesit bagimliligi, egim katsayilarinin homojenligi, duraganlik,
Panel Veri otokorelasyon ve degisen varyans oOn testleri ve panel regresyon analizi dahil olmak
Analizi tizere bes asamali bir panel veri metodolojisi igermektedir. Panel regresyon sonuglari,

finansal basarisizlik riski ile HSGR arasinda pozitif iliskiler oldugunu ortaya
JEL Kodlar: koymaktadir. Ancak, bu iliskiler tim finansal basarisizlik modelleri i¢in istatistiksel
C33, G32, olarak anlamli degildir. Sonuglar, Z', S ve CA skorlarmin siirdiiriilebilir biiylime
G33, Q56 politikalar1 {izerinde istatistiksel olarak anlamli etkilerinin olmadigini, T ve H skorlarimin

etkilerinin ise istatistiksel olarak anlamli oldugunu gostermektedir. Bulgular,
slirdiiriilebilir biiylime politikalarinin gelistirilmesinde T-skor ve H-skor modellerinin
diger modellere gore tercih edilmesi gerektigini gostermektedir.

* This study is derived from the master’s thesis entitled “The Relationship Between Financial Failure Risk
and Sustainable Growth: An Application on Istanbul Stock Exchange Sustainability Index” completed by
Fatih Glizyurdu under supervision of Assoc. Prof. Dr. Serdar Yaman.

™ Master's Graduate, Sirnak University, Institute of Graduate Education, Tiirkiye, aslan.fsmg@gmail.com
™ Assoc. Prof. Dr., Sirnak University, Faculty of Economics and Administrative Sciences, Tiirkiye,
serdaryaman@sirnak.edu.tr
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F. Glizyurdu & S. Yaman, “Exploring the Impacts of Financial Failure Risk on Sustainable Growth
Policies: Evidence from the BIST Sustainability Index Companies”

1. Introduction

Climate change, global natural resource scarcity, extreme poverty, demographic shifts,
and evolving economic and financial conditions profoundly influence how organizations
envision the future (Karagayir and Afsar, 2024). The concepts of corporate social responsibility
(CSR) and corporate social performance (CSP) have gained prominence amid inquiries into
companies' obligations to stakeholders beyond solely maximizing investor profits. There's a
growing recognition of the significance of fostering a sustainable economy, preserving the
environment, and nurturing a socially sustainable structure alongside traditional business
objectives (Ates, 2021a). The adoption of frameworks guiding sustainability efforts, including
the Sustainable Development Goals, the UN Framework Convention on Climate Change, and
the Paris Agreement, has catalyzed substantial transformations in the business landscape. This
has accelerated the implementation of a new socioeconomic model known as environmental,
social, and governance (ESG), signaling a shift towards more holistic and responsible business
practices (Shih et al., 2023). According to Davis and Blomstrom (1975), CSR, as a managerial
obligation, entails a company's efforts to promote, safeguard, and enhance societal welfare
while also pursuing its own interests. Carroll (1979) categorizes a company's responsibilities
into economic, legal, ethical, and discretionary realms, with CSR encompassing economic,
environmental, and social obligations, as per Elkington's (1998) Triple Bottom Line approach.
The measurement of companies' CSR initiatives has given rise to the concept of CSP (Ates,
2021a). CSP refers to the outcomes of companies’ CSR activities and gauges the degree of
active engagement in CSR initiatives (De Bakker et al., 2005; Conway, 2018). Companies that
prioritize ESG sustainability activities can enhance firm value by effectively managing risks,
proactively addressing regulatory requirements, accessing new markets, and concurrently
fostering the sustainable development of the communities where they operate (Dmuchowski et
al., 2023). Although companies may face upfront costs for CSR activities in the short term, they
stand to reap long-term benefits that can significantly enhance company performance. These
benefits include bolstered brand reputation, lowered expenses stemming from improved energy
efficiency, competitive advantages, heightened employee productivity, and fortified relations
with stakeholders and investors (Haanes et al., 2010).

Sustainability activities serve as guiding principles for businesses, encompassing
environmental, social, and economic dimensions. The economic dimension of sustainability
delves into the profit-making capacity and long-term viability of businesses. The social
dimension underscores the notion that businesses are social entities and should actively address
social issues rather than remain indifferent. Meanwhile, the environmental dimension directs
businesses in minimizing resource wastage, mitigating environmental degradation, and
safeguarding the living standards of future generations (Heybet and Duran, 2023). The concept
of sustainable growth was introduced to ascertain and assess whether the growth attained by
enterprises through their activities aligns with financial policies (Higgins, 1977). The concept of
sustainable growth was first articulated by David Packard, the founder of Hewlett-Packard, in
1950 as the ability of a business to reach its targeted profit level without the need for any
additional capital (Van Horne and Wachowicz, 2008). Essentially, the concept of sustainable
growth embodies the optimal growth that firms can attain while considering environmental,
social, and financial factors as integral components of economic and managerial sustainability.

Sustainable growth, a pivotal component of economic and governance sustainability,
entails the optimal utilization of investments and resources to maintain ongoing economic
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activities. Within competitive market environments, achieving growth targets stands as a
primary objective for firms and a key indicator of performance. Sustaining growth necessitates
firms' ability to adapt to economic, social, and environmental dynamics. Sustainable growth
encompasses value management and the prudent allocation of financial resources to ensure
continuity. While effective value and financial management can foster sustainable growth,
erroneous value management strategies may precipitate financial distress (Ashraf et al., 2019).
Decisions regarding sustainable growth-oriented policies carry significant weight, as missteps in
policy formulation can compromise a company's financial performance, particularly in the short
term (Modigliani and Pogue, 1974). Consequently, financing growth holds equal importance to
achieving and sustaining growth. Although sustainability policies developed within the context
of long-term planning may initially curtail firm profitability, they can confer substantial
competitive advantages and bolster profitability in the long term (Samiloglu and Demirgiines,
2008).

Sustainable growth is intricately linked to firms' management of resources in their growth
endeavors, reflecting their commitment to sustainability. This concept can be quantified through
various ratios across different dimensions. For instance, the growth achieved by firms without
relying on external financial resources is termed the internal growth rate (IGR) (Amouzesh et
al., 2011). On the other hand, the growth achieved by firms with a fixed borrowing rate and
internal resources, without capital increment, is known as the sustainable growth rate (SGR)
(Higgins, 2012). The evolution in the realm of finance, the proliferation of diverse financial
products, and the enhancement of financing opportunities have heightened the significance of
borrowing in growth strategies. The sustainable growth model (HSGR), pioneered by Robert C.
Higgins in 1977, incorporates variables such as capital increment, autofinancing, and utilization
of external resources, enabling a comprehensive analysis of growth dynamics. HSGR serves to
compute the SGR and assess the alignment between an enterprise's targeted growth rate for the
future and its established financing policy to achieve this target. In this model, inflation is
disregarded, the existing depreciation structure is maintained, and it is assumed that businesses
seeking to expand their sales will persist if market conditions remain favorable (Higgins, 1977).

Robert C. Higgins (1977) conceptualizes sustainable growth in firms as contingent upon
dividend distribution, financing decisions, profitability, and productivity. Discrepancies
between HSGR suggested by Higgins (1977) and actual growth rates (AGR) provide valuable
insights into firms' growth trajectories and guide financing strategies. Firms with an HSGR
below AGR encounter issues of overgrowth, while those with an HSGR surpassing AGR face
challenge of slow growth. Overly rapid growth can strain financing capabilities and trigger
financial distress costs, whereas slow or stagnant growth may lead to stagnation and an
increased risk of financial failure. Consequently, the HSGR serves as a diagnostic tool to
identify potential growth constraints in firms and assess the impact of financial performance on
growth policies (Sahin and Ergiin, 2018). The escalating risk of financial failure stemming from
flawed financing policies, low financial performance, and diminished productivity precipitates
financial distress, bankruptcy, and liquidation costs, potentially derailing firms from their
sustainable growth trajectories.

A high risk of financial failure can erode investor and financial institution confidence in
companies, making it challenging for them to access suitable sources of financing and
constraining the resources necessary for sustainable growth (Platt et al., 1995). Furthermore,
operational constraints such as cash flow challenges, supply chain disruptions, or cost overruns
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can further impede growth for companies facing a high risk of financial failure. These
companies may witness a deterioration in market reputation, declining customer loyalty, and
encounter obstacles in penetrating new markets. Consequently, these developments can curtail
the market opportunities crucial for sustainable growth. Financially robust companies often can
invest more and foster innovation. Conversely, companies with a heightened risk of financial
failure may struggle to make such investments, thereby diminishing their ability to sustain long-
term growth (Raza et al., 2020). In this context, the risk of financial failure is anticipated to
exert a negative impact on companies’ SGRs. Implementing measures such as establishing a
robust financial footing, adopting effective risk management strategies, and enhancing
operational efficiency can assist companies in realizing their sustainable growth objectives
(Fonseka et al., 2012; Raza et al., 2020). Therefore, it is important to examine the repercussions
of financial failure risk on sustainable growth policies and determine the most suitable financial
failure approach for firm managers, investors, and researchers to mitigate these risks and uphold
sustainable growth objectives.

This study endeavors to assess the impact of financial failure risk on sustainable growth
policies through rigorous econometric analyses. Additionally, it aims to identify financial failure
models applicable to the development of sustainable growth policies, catering to the needs of
stakeholders such as firm managers, researchers, and investors. Through econometric analyses,
the study addresses two pivotal questions: (1) Is financial failure risk a critical consideration in
the formulation of sustainable growth policies? This inquiry delves into whether factors such as
firms' short-term debt obligations, financial distress costs, bankruptcy risks, capital structure
decisions, and working capital management practices significantly influence the sustainability
of growth policies. (2) Which financial failure risk model holds the utmost significance for both
theorists and practitioners in fostering sustainable growth policies? The response to this
question furnishes empirical evidence crucial for firm managers and investors in the process of
developing sustainable growth policies. By addressing these questions, the study aims to
provide actionable insights that can inform strategic decision-making processes and enhance the
resilience and sustainability of firms' growth trajectories. To the best of our knowledge, this
study represents the pioneering attempt to explore the implications of financial failure risks on
sustainable growth policies in firms. While existing literature extensively investigates the
relationships between sustainability performance and firm value, financial performance, and
corporate governance factors, and inclusions of firms in sustainability indices (Altinay et al.,
2017; Parlakkaya et al., 2019; Ge¢im, 2020; Sak and Dalgar, 2020; Acar et al., 2021; Korga and
Aslanoglu, 2022; Kulali, 2022; Atichasari et al., 2023; Giinay, 2023; Perdana et al., 2023), the
relationship between the risk of financial failure and sustainable growth remains unexplored.
This study distinguishes itself significantly from existing literature by elucidating the impact of
financial failure risk on sustainable growth policies and identifying the most pertinent financial
failure model applicable to the development of sustainable growth policies. By filling this gap in
the literature, the study endeavors to enrich the understanding of the intricate dynamics between
financial risk management and sustainable growth, offering practical guidance for stakeholders
navigating the complexities of contemporary business environments.

The study utilizes data from non-financial firms listed in the XUSRD for the period 2010-
2022, with regularly available data. The Sustainability Index serves as a gauge of enterprises'
activities across economic, social, and environmental dimensions, as well as their
responsiveness to these dimensions. Given that sustainable growth, the focal point of this study,
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constitutes a component of economic sustainability, the study sample was comprised of XUSRD
companies. Sustainable growth policies within firms are evaluated using Higgins's (1977)
HSGR, while financial failure risks are assessed through Altman's (1983) Z'-score, Springate's
(1978) S-score, Taffler's (1983) T-score, Fulmer et al.'s (1984) H-score, and Legault's (1987)
Canada-CA score models. Since increases in the values calculated using the Z'-score, S-score,
T-score, H-score, and CA-score models signify a reduction in the risk of financial failure for
companies, while decreases indicate an escalation in risk, a positive relationship between these
scores and HSGR is anticipated. This study is expected to offer original insights and contribute
significantly to the academic literature by identifying the most suitable failure model for
assessing the risk of financial failure during the development of sustainable growth policies.
Moreover, it aims to uncover the diverse impacts of financial failure models on sustainable
growth policies. The study is structured into five main sections. Section 1 outlines the
theoretical framework and research questions. Section 2 reviews the relevant academic
literature. Section 3 details the data, variables, and methodology employed in the analysis.
Section 4 presents the findings, evaluations, and discussions. Finally, Section 5 offers insights,
conclusions, and policy recommendations.

2. Literature Review

The rising importance of sustainable development, with its ESG dimensions, compels
firms to accord significance to non-financial activities. Sustainable growth objectives, integral
to governance sustainability, exhibit substantial correlations with financial activities such as
working capital management, capital structure decisions, dividend pay-out decisions, and
financial performance. However, the implications of financial activities on long-term
sustainability policies, and consequently on sustainable development, often remain overlooked.
A review of the relevant literature underscores a notable upsurge in studies scrutinizing the
relationship between financial decisions and sustainability in recent years. This section
succinctly summarizes recent studies exploring the financial aspect of sustainable growth, the
relationship between sustainability performance and financial variables, and the evolution of the
concept of sustainable finance along with their key findings based on their respective scopes.

The literature review indicates a scarcity of studies that have explored the financial aspect
of sustainable growth. Examining sustainable growth policies in companies, Niu (2016)
underscored the necessity of examining the relationship between financial structure and
sustainable growth. Within the framework of financial hierarchy theory, Niu (2016) investigated
sustainable growth policies in firms utilizing the Higgins (1977) model. Soytas et al. (2017)
delved into the impact of sustainability on the financial performance of Turkish companies.
Their research uncovered evidence of a positive relationship between sustainable growth and
financial performance. Sahin and Ergiin (2018) conducted a study examining the relationship
between AGR and SGR differences in financial ratios in publicly traded manufacturing firms.
Their objective was to determine the most influential components of SGR. Their findings
revealed a negative correlation between the difference of AGR-SGR and return on assets
(ROA), as well as return on equity (ROE). Furthermore, they identified profit margin as the
most significant component of SGR in influencing this relationship. Raza et al. (2020)
investigated the relationship between financial failure risk and sustainable growth by employing
the Higgins (1977) SGR models, along with the Altman Z-score financial failure risk model.
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Their findings suggest a link between firms' financial failure forecasts and financial
sustainability. Yaman and Giir (2023) conducted a study investigating the relationship between
financial risks and sustainable growth among BIST firms. They underscored the critical
importance of effective risk management in shaping sustainable growth policies. Through
regression analyses, they determined that interest rate risk and liquidity risk exert negative
effects on Higgins' (1977) HSGR, whereas capital risk has a positive impact. This highlights the
nuanced interplay between financial risk factors and sustainable growth strategies within BIST
firms. In a more recent study, Giilener et al. (2023) examined the effects of financial
management decisions on sustainable growth policies. Their findings revealed that decisions
aimed at increasing working capital and dividend payout contribute positively to sustainable
growth. Conversely, decisions to increase financial leverage were found to have a negative
impact.

Existing literature extensively investigates the relationships between sustainability
performance and firm value, financial performance, and corporate governance factors. Ece
Cokmutlu and Kili¢ (2020) delved into the relationship between sustainability and financial
performance by transforming firms' economic, environmental, and social sustainability
performances into a singular metric. Their study revealed that while sustainability performance
and financial performance do not consistently correlate, they did not find statistical evidence
suggesting that sustainability performance is reflected in financial performance. Investigating
the relationship between corporate governance and financial sustainability Geg¢im (2020)
observed that the financial sustainability and corporate governance ratings of BIST companies
did not align in the same direction during the 2013-2018 periods. Sak and Dalgar (2020), on the
other hand, explored the correlation between corporate sustainability practices and financial
performance in firms and revealed that corporate sustainability practices exert a statistically
significant and positive effect on the financial performance of enterprises. Analyzing the effects
of financial and non-financial factors on firms' sustainability performance for BIST firms, Acar
et al. (2021) identified several significant determinants. These include board size and
independence, audit committee independence, sustainability strategy, and capital structure
policies. Acar et al. (2021) notably highlighted a positive relationship between leverage ratio
(LEV) and sustainability performance. Emir and Kiymik (2021) delved into the relationship
between sustainability levels and financial performance among BIST firms based on Global
Reporting Initiative (GRI) principles. Their findings revealed that ROE, ROA, pre-tax profit,
and return on capital employed significantly positively affect sustainability performance.
Conversely, the growth in assets (GIA) was found to have a significant negative effect. In
another study exploring the linkage between financial performance and sustainability
performance, Korga and Aslanoglu (2022) reported that there is no statistically significant
relationship between financial performance and sustainability performance. Investigating the
relationship between firms' ESG performance and market capitalization, considering the
influence of firm size, Kulali (2022) revealed that all components of ESG exert a significant
positive effect on market capitalization, particularly under the influence of firm size. Moreover,
Kulali (2022) noted that the positive impact of ESG factors on market capitalization intensifies
as firm size increases. Giinay (2023) analyzed the relationship between ESG and financial
performance in banks and found that there exists an inverse relationship between ESG
performance and financial performance. Giinay (2023) suggested that financially successful
banks may not prioritize ESG investments, or alternatively, banks focusing on ESG investments

235



Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2024, 9(2): 230-253
Journal of Research in Economics, Politics & Finance, 2024, 9(2): 230-253

may exhibit poorer financial performance. This observation underscores the complexity of
balancing ESG considerations with financial outcomes within the banking sector. Investigating
the compatibility between firms' sustainability activities and academic studies within the
framework of signaling theory, Heybet and Duran (2023) found that sustainability activities are
not compatible with academic studies. In another study investigating the relationship between
ESG scores and firm performance, Korkmaz and Nur (2023) discovered a significant positive
relationship between ESG scores and firm performance in the banking sector. Additionally, they
observed that firm age exerts a significant positive moderating effect on this relationship. These
findings suggest that higher ESG scores are associated with improved firm performance in the
banking sector, and this relationship is strengthened by the age of the firm.

The impact of firms' inclusion in sustainability indices on their financial performance and
stock prices has been identified as another significant research topic in the literature. Altinay et
al. (2017) explored the implications of Turkish banks' inclusion in the BIST Sustainability Index
on their stock values. However, their study did not discern a significant effect arising from this
inclusion. In an investigation regarding the impact of firms' inclusion in sustainability indices on
their stock values, Parlakkaya et al. (2019) echoed the conclusions drawn by Altinay et al.
(2017), indicating that inclusion in sustainability indices did not yield a significant effect on
stock returns. Recently, significant studies have been conducted on the advancement of the
concepts of sustainable finance and sustainable capital markets, as well as the influence of risk
management on sustainability. Sepetis (2020), who defines sustainable capital market theory
and holistic sustainable finance models, emphasizes that it is difficult to create a complementary
methodology in the field of sustainable finance and that sustainable finance and sustainable
capital markets should be surrounded by theories like any new scientific field and draws
attention to the importance of developing holistic sustainable finance models. Arpaci (2023)
conducted a study to assess the factors predicting financial sustainability in cryptocurrencies.
They employed multiple analytical approaches, integrating Artificial Neural Network (ANN)
with Structural Equation Modeling (SEM) based on Expectation Confirmation Theory (ECT).
Their findings indicated that perceived risk, regulations, volatility, innovativeness, and
confirmation of expectations emerge as significant predictors of financial sustainability within
the cryptocurrency market. This research sheds light on the multifaceted dynamics influencing
the sustainability of cryptocurrencies from various angles, providing valuable insights for
stakeholders in the digital currency space. Examining the non-performing loans on corporate
financial sustainability Atichasari et al. (2023) obtained findings underscore the importance of
proactive risk management, holistic risk assessment, and NPL mitigation strategies in ensuring
financial stability and sustainability amid changing economic dynamics. Perdana et al. (2023)
investigated the influence of capital and sustainable finance on firm values within banks listed
on the ASEAN stock Exchange. Their study revealed a noteworthy impact of capital and
sustainable finance on firm value. Moreover, Perdana et al. (2023) noted that institutional
ownership played a moderating role in the association between sustainable finance and firm
value, although it did not exhibit a similar influence on the connection between capital and firm
value. Additionally, institutional ownership was found to affect the relationship between
sustainable finance and firm value, as banks aimed to align with international societal
expectations or bolster their firm value.

The literature review highlights that the relationships between firms' sustainability
performance and SGRs and various intra-firm factors such as firm value, financial performance,
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and corporate governance have been frequently investigated. However, there is a notable gap in
the literature concerning the relationship between the risk of financial failure and sustainable
growth. This study is akin to some existing research in terms of its scope and methodology.
Nevertheless, it distinguishes itself from the literature by elucidating the effects of financial
failure risk on sustainable growth policies. Furthermore, it aims to identify the most suitable
financial failure model that can inform the development of sustainable growth policies for
stakeholders such as firm managers, researchers, and investors. By addressing this gap, the
study not only contributes to the existing body of knowledge but also offers valuable insights
into the complex dynamics between financial risk and sustainable growth within firms.

3. Data, Variables and Methodological Design

This study investigates the impact of financial failure risk on sustainable growth policies
within firms listed in the BIST Sustainability Index (XUSRD). The dataset encompasses annual
financial statement data spanning from 2010 to 2022, focusing on 38 firms listed in XUSRD, for
which data are consistently available. Out of the 73 firms listed in the XUSRD, 23 entities such
as holdings, banks, insurance companies, etc., are excluded due to disparities in their financial
statement structures. An additional 12 firms are omitted because their data couldn't be accessed
regularly after the starting date of the study, 2010. Appendix 1 lists the XUSRD firms included
in the study, providing transparency regarding the sample composition. The study commences
in 2010 to mitigate the potential influence of the 2008 mortgage crisis, ensuring more reliable
and unbiased econometric analyses. By 2010, the effects of the crisis had largely subsided in
Turkey. It's important to note that the study faces limitations in both time series and cross-
sectional dimensions. The dataset is panel data, featuring a cross-sectional dimension (N) of 38
firms and a time dimension (T) of 13 years, resulting in a total of 494 firm/year observations.
Given the dataset's multidimensional structure, the relationship between sustainable growth and
the risk of financial failure is analyzed using panel regression analysis. This comprehensive
approach aims to elucidate the intricate dynamics between financial risk and sustainable growth
policies, offering valuable insights for stakeholders navigating the realm of corporate
sustainability.

In the panel regression models, the HSGR formulated by Robert C. Higgins in 1977,
which is employed in sustainable growth calculations incorporating variable autofinancing and
variable borrowing assumptions, is utilized as the dependent variable. The independent
variables encompass the Altman (1983) Z'-score, Springate (1978) S-score, Taffler (1983) T-
score, Fulmer et al. (1984) H-score, and Legault (1987) CA-score models, which are widely
recognized in the financial failure literature for their high predictive success. To enhance the
significance levels of the econometric models and minimize inconsistencies and deviations in
estimations, several control variables are included. These variables comprise the leverage ratio,
ROA, and GIA. Financial data utilized in the calculation of the SGR, financial failure risk, and
control variables are sourced from the Financial Information News Network (FINNET) Hisse
Expert financial database. The variables incorporated into the econometric models are
summarized in Table 1, offering transparency and clarity regarding the analytical framework
adopted in the study.
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Table 1. Variables

Group

Variable

Acronym Definition and Calculation

Dependent
Variable

Higgins (1977)
Sustainable
Growth Rate

HSGR

p(1-d)(1+L)
t—p(1-d)(1+L)
p = Profit margin after tax,
d = Dividend payout ratio
L = Total debt/Equity
t = Total assets/Net sales

Independent
Variables

Altman (1983) Z'
Score

X, = Net working capital/Total assets

X, = Retained earnings/Total assets

X5 = Earnings before interest and tax (EBIT)/Total assets
X, = Book value of equity/Book value of total debt

Xg = Sales/Total assets

7' = 0.717X; + 0.847X, + 3.107X5 + 0.420X, +
0.998Xc

Springate (1978)
S Score

X, = Working capital/ Total assets

X, = Earnings before interest and tax (EBIT)/Total assets
X5 = Profit before tax/Short-term liabilities

X, = Sales/Total assets

S Skor = 1.03X; + 3.07X, + 0.66X5 + 0.4X,

Taffler (1983) T
Score

X; = Earnings before tax/Average short-term liabilities
X, = Current assets/Total liabilities

X3 = Short-term liabilities/Total assets

X, = (Current assets—Inventories- Short-term
liabilities)/(Net sales-Earnings before tax+Depreciation)
T = 3.20 + 12.18X; + 2.5X, — 10.68X5 + 0.03X,

Fulmer et al.
(1984) H Score

X;= Retained earnings/Total assets

X, = Sales/Total assets

X5 = Profit before tax/Equity

X, = Cash/Total debt

Xs = Total debt/Total assets

X = Short-term liabilities/Total assets

X, = log (Tangible fixed assets)

Xg= Working capital/Total debt

X, = log Earnings before interest and tax (EBIT)/Interest
H = 5.528X; + 0.212X, + 0.073X; + 1.270X, —
0.120Xs + 2.335X¢ + 0.575X, + 1.083X; + 0.894X, —
6.075

Legault (1987)
Kanada-CA
Score

CA

X, = Shares/Total assets:.1

X, = Operating profit/Loss+Finance Expense../Total
assetst.1

X5 = Salesto/Total assets.

CA = 4.59X; + 4.51X, + 0.3936X; — 2.76

Control
Variables

Leverage Ratio
Return on Assets
Growth in Assets

LEV
ROA
GIA

Total debt/Total assets
Net income/Total assets
Percentage growth in total assets

Source: Higgins (1977), Springate (1978), Altman (1983), Taffler (1983), Fulmer et al. (1984), Legault

(1987).

The control variables incorporated in the models are selected based on their presumed
impact on firms' SGRs.
transformation, enabling the elucidation of the change in the dependent variable resulting from a
1-unit change in both the independent and control variables. A total of 6 panel data models are
constructed to explore the relationship between sustainable growth policies and the financial

Each variable undergoes standardization through percentage
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failure risk. In each model, the HSGR serves as the dependent variable, while the Altman (Z),
Springate (S), Taffler (T), Fulmer et al. (H), and Legault (CA) scores are included as
independent variables, separately assessing the impact of each financial failure model on
sustainable growth. Additionally, a single model is devised wherein all financial failure risk
scores are integrated as independent variables. This enables an examination of the collective
explanatory power of financial failure models in elucidating changes in sustainable growth. The
analysis is conducted using EViews 12 and Gauss 22 econometric analysis package programs.

The panel data analyses in this study encompass both time series and cross-sectional
series, requiring adherence to the assumptions of both types of analyses. To ensure robustness
and accuracy, a comprehensive five-stage methodological approach, including assumption tests,
is adopted. In the first stage, the potential for multicollinearity among the independent and
control variables is examined. Spearman correlation analysis and Variance Inflation Factor
(VIF) analysis are utilized for this purpose. The second stage involves testing for horizontal
cross-section dependence and coefficient homogeneity. The Pesaran (2004) CD test assesses
horizontal cross-section dependence, while the Pesaran and Yamagata (2008) delta test
evaluates coefficient homogeneity (4 and jadj). In the third stage of the analysis, the
stationarity of the series is evaluated using panel unit root tests. This involves applying the
Levin, Lin, and Chu (2002) LLC test, which is a first-generation unit root test, and the Pesaran
(2007) CIPS test, a second-generation unit root test. These tests are conducted on the series at
both the level and first difference. The LLC test and CIPS test are essential tools for assessing
the stationarity of panel data, helping to determine whether the variables exhibit unit roots,
indicating non-stationarity, or are stationary. The choice of LLC and CIPS tests is based on the
results of the CD and, 4 and 4,,; tests used in the earlier stages of the analysis. The fourth
stage involves diagnostic tests to identify potential issues such as autocorrelation and
heteroscedasticity in the models. Baltagi and Li (1991) LM,, and Born and Breitung (2016) LM,,
tests are emploted for testing the autocorrelation, and Breusch and Pagan (1979) LM, test is
employed for testing the heteroscedasticity problems. For models exhibiting autocorrelation
and/or heteroscedasticity issues, estimations are conducted using the Period SUR robust
estimator based on Period Corrected Standard Errors (PCSE) developed by Beck and Katz
(1995). Finally, in the fifth and final stage, panel regression models are estimated according to
equations 1-6, allowing for a comprehensive analysis of the relationships between the variables
under investigation. This rigorous methodological approach ensures the validity and reliability
of the panel regression analyses, enabling robust insights into the complex dynamics of
sustainable growth policies and financial risk factors in firms.

Model 1 HSGR;: = Bo + B1Z'it + B2 LEV: + B3ROA; + B4Gl A + uyt 1)
Model 2 HSGR;: = Bo + B1Sit + BoLEVi: + B3sROA; + B4GlAj, + uj; 2
Model 3 HSGR;; = Bo + PiTit + BoLEVi + B3ROA; + BuGIA; + uje (3)
Model 4 HSGR;; = Bo + B1Hit + B2LEVy: + B3ROA; + 4Gl A + e (4)
Model 5 HSGR;; = Bo + B1CA; + B, LEV; + B3RO0A; + B4 GIAj: + uyy 5)

HSGRi = Bo+ B1Z'it + B2Sit + B3Tit + PaHir + PsCAjr + B LEV;, +
B7ROA; + BgGlAj + uy;

Model 6 (6)
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For each specified panel regression model in Equations 1-5, the relationship between
financial failure risk and sustainable growth policies is examined through a different financial
failure risk measurement method. Additionally, Model 6 assesses the combined explanatory
power of financial failure models regarding changes in sustainable growth policies. The
alternative hypotheses tested for the models are outlined as follows:

H;: Z' score positively affects sustainable growth policies.
H,: S score positively affects sustainable growth policies.

Hs: T score positively affects sustainable growth policies.

H,: H score positively affects sustainable growth policies.
Hs: CAscore positively affects sustainable growth policies.
Hg: Financial failure scores affect sustainable growth policies.

In Equation 1-6, B, is the constant, 8, (n: 1, ..., N) is the slope coefficient of the
independent variable, u;; is the error term, t is time dimension (years), where t: 1, ..., T, and i
denotes cross-sections (firms).

4. Findings and Discussion

Before proceeding to the empirical findings regarding the relationship between
sustainable growth and financial failure risk, the characteristics of the variables are explored
through descriptive statistics and normality analysis. Additionally, the linear link between
sustainable growth policies and financial failure risk scores is examined and visualized via
scatter diagrams and regression lines. Descriptive statistics and Jarque-Bera (J-B) normality
analysis results for the variables are presented in Table 2, while the scatter diagrams and
regression lines between HSGR and financial failure scores are presented in Figure 1.

Table 2. Descriptive Statistics and the Test of Normality

Variables

HSGR Z S T H
Mean 0.003018 0.024617 0.017768 -0.1227 0,06782
Median -0.07763 -0.00825 -0.00411 -0.04864 0,034246
Max. 19.09121 2.525555 13.16348 13.31661 7,782628
Min. -23.0837 -0.70407 -6.49732 -47.8031 -0,61786
Std. Dev. 2.648527 0.257994 0.918197 3.12068 0,415061
Skewness -1.05358 3.331636 4.736187 -7.98543 13,16032
Kurtosis 30.15121 27.42526 98.97347 121.4239 243,1826
J-B 15265.18"" 13193.76" 191438™ 293915.3" 1201665

CA LEV ROA GIA

Mean -0.42627 0.025294 -0.08373 0.271864
Median -0.00502 0.015608 -0.04611 0.205862
Max. 10.28211 0.966838 55.96938 1.709319
Min. -121.905 -0.36269 -72.5847 -0.21246
Std. Dev. 5.763895 0.12959 5.120187 0.271782
Skewness -19.1532 1.593132 -1.81025 1.807532
Kurtosis 401.5331 11.30856 126.8705 7.225342
J-B 3299426™ 1629.881""" 316098.4" 636.4821""

*

Note: ™ indicates 1% significance level.

240



F. Glizyurdu & S. Yaman, “Exploring the Impacts of Financial Failure Risk on Sustainable Growth
Policies: Evidence from the BIST Sustainability Index Companies”

Descriptive statistics show that the Fulmer et al. (1984) H-score has the highest mean
value with 0.06 among the financial failure scores, the mean value of the dependent variable
HSGR is 0.003, and GIA has the highest mean value of 0.27 overall. ROA demonstrates the
widest range of values, with the highest maximum value recorded at 55.96 and the lowest
minimum value at -72.58. Additionally, ROA also displays the highest standard deviation,
measured at 5.12. When interpreting the descriptive statistics, it is crucial to consider that the
variables included in the model are based on percentage change values rather than raw values.
The analysis reveals that HSGR, T-score, CA-score, and ROA exhibit left skewness, whereas
the other variables demonstrate right skewness. Furthermore, all variables display leptokurtic
distributions. The J-B statistics and associated probability values indicate that none of the
variables are normally distributed at the 1% significance level. Specifically, the discrepancy
between mean and median values, along with kurtosis and skewness values deviating from 0,
further corroborates the non-normal distribution of all variables. This information underscores
the importance of understanding the distributional characteristics of the variables, which can
significantly influence the statistical analysis and interpretation of results in the model. Scatter
diagrams and regression lines offer a clear depiction of the potential linear association between
sustainable growth policies and financial failure risk scores, aiding in the initial exploration of
the relationship. The scatter diagrams and regression lines reveal a positive association between
sustainable growth and financial failure scores. Specifically, the regression lines between HSGR
and Altman Z' (1983), Taffler (1983) T, and Fulmer et al. H (1984) exhibit a positive slope. This
suggests that enhancements in firms' financial stability, characterized by a reduction in the risk
of financial failure, positively influence the sustainability of growth policies. Conversely, the
regression lines between HSGR and Springate (1978) S, as well as Legault (1987) CA, appear
flat, indicating an insignificant relationship between these variables. This observation suggests
that variations in S and CA scores do not significantly impact sustainable growth policies.
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Figure 1. Scatter Diagram and Regression Line Between HSGR and Financial Failure Scores
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Multi-collinearity was assessed through Spearman correlation and VIF analyses. With p
representing the correlation coefficient, the pairs of independent variables with p>0.75 and p<-
0.75 were considered to indicate multi-collinearity if included in the same model Furthermore, a
threshold value of 4 was accepted for the VIF analysis. It was acknowledged that variables with
a VIF value greater than 4 when included together as independent variables in the panel
regression model, could contribute to multi-collinearity problems. The Spearman correlation
matrix and VIF analysis results are presented in Table 3. According to the Spearman correlation
analysis, it is found that the explanatory variable pair with the highest p value is Z' and H
(p=0.21), while the pair with the lowest p value is Z' and LEV (p=—0.40). Regarding the VIF
analysis, it is found that the variable with the highest VIF value is Z' (1.26), and the one with the
lowest VIF value is CA (1.00). The Spearman correlation analysis results indicated that none of
the explanatory variable pairs met the conditions p>0.75 and p<—0.75. Similarly, the VIF
analysis results showed that none of the explanatory variables met the condition VIF>4. In light
of these findings, it is assumed that the explanatory variables included in the models would not
cause deviations stemming from multi-collinearity.

Table 3. Spearman Correlation Matrix and VIF Analysis Results

Variables Zz' S T H CA LEV ROA GIA

7 1.00000

0.133119 1.00000

S (0,003
T -0.04101 -0.02544 1.00000
(0.363) (0.5727)
H 0.219186 0.019636  0.055291 1.00000
(0.0000)™*  (0.6633)  (0.2199)
CA 0.017119 -0.00035  -0.00039 0.011764 1.00000
(0.7043)  (0.9937)  (0.9931)  (0.7942)
LEV -0.40936 -0.10605  -0.07055 -0.13149 -0.00521 1.00000
(0.0000)™  (0.0184)"  (0.1174)  (0.0034)™  (0.9081)
ROA 0.039225 0.002881 0.047127  0.046127  -0.00505 -0.12322 1.00000
(0.3843)  (0.9491)  (0.2958)  (0.3062)  (0.9109)  (0.0061)™
GIA -0.04617 0.012712  0.010395 0.03946 -0.05552 0.12301 0.034352  1.00000
(0.3058)  (0.7781)  (0.8177)  (0.3815)  (0.218)  (0.0062)™  (0.4462)
Variables Z' S T H CA LEV ROA GIA
R? 0.20934 0.022476  0.016733  0.057707  0.003506  0.202419 0.020054  0.024602
VIF 1.264766 1.022993 1.017018 1.061241 1.003518  1.253791 1.020464 1.025223
Note: Signs **, ™, and " indicate 1%, 5% and 10% significance levels, respectively.

Testing for cross-sectional dependency and slope homogeneity in coefficients is essential
for understanding the characteristics of the dataset and selecting the correct stationarity test (De
Hoyos and Safaridis, 2016). Given that the dataset of the study exhibits N>T, cross-sectional
dependence on a variable basis is assessed using the Pesaran (2004) CD test, while the
homogeneity of slope coefficients is examined using the Pesaran and Yamagata (2008) 4 and
Aqq; tests. The results of the CD, A and A,q; tests are presented in Table 4. The CD test
outcomes reveal that all variables, except for S and T variables, exhibit horizontal cross-section
dependence at the 1% significance level. On the other hand, 4 and 4,,4 ; tests demonstrate reveal
that the slope coefficients are homogeneous across all variables, except for CA.
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Table 4. Cross-section Dependence and Slope Homogeneity Test Results

Variables CD A Ay4j
HSGR 2.708185™" -0.129 -0.147
z 9.984605™" 0.158 0.18
S 0.837574 0.932 1.062
T 0.70536 -1.772 -2.02
H 30.66571" -0.028 -0.032
CA 6.29914™ 2.654™" 3.026™"
LEV 4,125579™" -0.827 -0.943
ROA 3.227562™" 0.017 0.020
GIA 45.04331™" 0.446 0.509
Null Hypothesis for CD Test H,: No cross-sectional dependency.

Null Hypothesis for 4 and Ziad,- Test H,: No heterogeneity in slope coefficients.

*

Note: * indicates 1% significance level.

Following the results of the CD test and 4 and A,4; tests, the HSGR, Z', H, CA, LEV,
ROA, and GIA undergo stationarity testing using the Pesaran (2007) CIPS test, a second-
generation unit root test. Meanwhile, the S and T variables undergo stationarity testing with the
Levin, Lin, and Chu (2002) LLC unit root test, a first-generation unit root test. The outcomes of
the unit root tests are displayed in Table 5. Results of the LLC and CIPS panel unit root tests
indicate that all variables do not contain unit roots at the 1% significance level in both intercept
and intercept-trend models. Based on the first and second-generation unit root tests, all
dependent, explanatory, and control variables are stationary at the level. This outcome suggests
that all variables demonstrate a tendency to revert to the mean in the long-run and can be
integrated into panel regression models in their current form.

Table 5. Unit Root Test Results

First-Generation Unit Root Test Levin, Lin and Chu (2002) LLC
Model Intercept Intercept and Trend Decision
Variables Statistic Probability Statistic Probability
S -16.9406™" 0.00000 -14.5019™" 0.00000 1(0)
T -19.0694™" 0.00000 -15.1429™" 0.00000 1(0)
Second-Generation Unit Root Test Pesaran (2007) CIPS
Model Intercept Intercept and Trend Decision
Variables CIPS Truncated CIPS CIPS Truncated CIPS
HSGR -0.272217" -2.72217 -3.38826™" -3.04228™" 1(0)
Z -3.33808™" -3.22647" -3.29116™" -3.18283™" 1(0)
H -3.41318™" -3.34564™" -3.40962™" -3.36131™" 1(0)
CA -3.30448™" -3.38994™" -4.38825™" -4.10144™" 1(0)
LEV -3.18587"" -3.18587"" -3.09864™" -3.08733™" 1(0)
ROA -5.14024™ -3.43824™" -5.64579™" -3.98295™" 1(0)
GIA -3.22650™" -3.16767"" -3.33236™" -3.29125™" 1(0)

. 1% -2.41 -2.37 -3.09 -2.98
Critical o/ 219 218 282 2.74
Values 1o, -2.08 -2.07 -2.68 -2.62

Null Hypothesis for LLC and CIPS Tests H,: No stationary.

Note: Lag lengths are determined according to the Schwarz Information Criterion.
™ indicates 1% significance level. The decision 1(0) implies stationarity at the level.

Before conducting panel regression analysis, it is imperative to test two critical
assumptions: autocorrelation, which evaluates significant relationships between successive error
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terms, and heteroskedasticity, which assesses differences in error term variances across cross-
sections or the presence of non-zero error term covariances.

Autocorrelation testing in this study relies on the Baltagi and Li (1991) LM, test and Born
and Breitung (2016) LM, test, an improved version of LM, test. Hetetoskedasticity testing, on
the other hand, relies on the Breusch and Pagan (1979) LM, test. Furthermore, the F, Breusch
and Pagan (1980) LM, and Honda (1985) tests are employed for estimator specification. The F
test examines the variations in the fixed parameter, and the Breusch and Pagan (1980) LM and
Honda (1985) tests determine the presence of random effects in the model. The diagnostic tests
and estimator specification test results are presented in Table 6.

Table 6. Diagnostic and Estimator Specification Tests Results

Tests Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Baltagi and Li (1991) LM, 2.736654" 2.81625° 2.938835" 2.611733 2.819041" 2.572022
Born and Breitung (2016) 12.02761™ 12.19553™ 12.45175™ 11.76151™ 12.20139™ 11.67623™
Breusch and Pagan (1979) 477.3533™ 479.0106™ 480.0232"" 480.302" 478.965™" 482.7967""

Tests Models Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Group FE 1.414212° 1.410463" 1.386941" 1.391508" 1.406844° 1.370535"
F Test Time FE 1.763629" 1.744525" 1.769796" 1.695502" 1.734768" 1.730089"
Two-way FE 1.502008™ 1.505492™ 1.499247™ 1.473799" 1.501015™ 1.466442™
Breusch Group RE 2.059179  2.17284 1.94128 1.92116  2.174781 1.707256
and Time RE 1.257367 1.607381 1.825417 1.340532 1.51215 1.229612
Pagan(198  Two-way RE 3.316545 3.780221 3.766697 3.261692 3.686931 2.936868
Honda G.roup RE 1.434984" 1.474056" 1.39329%* 1.386059" 1.474714" 1.30662"
(1985) Test Time RE 1.121324 1.267825 1.35108 1.157813 1.229695 1.108879

Two-way RE 1.807582 1.938803™ 1.940568™ 1.79879™ 1.912306™ 1.708015™

LM, and LM,  Ho: No serial correlation.
LM, Ho: No heteroskedasticity.

f'?l;gl)thesis Group FE/RE  Ho: While there is a cross-section effect, there is no time effect.
Time FE/RE Ho: While there is a time effect, there is no cross-section effect.
Two-way Ho: No cross-section or time effect.

Note: Signs ™, ™, and " indicate 1%, 5%, and 10% significance levels, respectively.

The Baltagi and Li (1991) LM, test results reject the null hypothesis at the 10%
significance level in Models 1, 2, 3, and 5. On the other hand, the Born and Breitung (2016)
LM, test results reject the null hypothesis at the 1% significance level in all models. These
results indicate the presence of an autocorrelation problem in all models. The Breusch and
Pagan (1979) LM, test results reject the null hypothesis at the 1% significance level in all
models, suggesting the presence of a heteroskedasticity problem in all models. In order to avoid
the inconsistent and biased results stemming from autocorrelation and heteroscedasticity issues,
estimations are conducted using the Period SUR (PCSE) robust estimator, developed by Beck
and Katz (1995). The F test results reveal that the probability values for the group fixed effects
and time fixed effects are greater than 0.05 across all models, indicating the absence of cross-
sectional or time fixed effects in the models. Similarly, the LM and Honda test results indicate
the absence of random effects in both the cross-sectional and time dimensions. Baltagi (2014)
proposes a fixed effects model when the data set focuses on a specific group of firms, countries,
or individuals, and the findings are confined to the behavior of these groups. Consequently, the
F test findings guide the selection of the estimator specification. Thus, the pool model is
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employed in the panel regression analyses. Finally, the estimation outcomes of the panel
regression models designed to ascertain the relationship between sustainable growth policies
and the financial failure risk are presented in Table 7.

Tablo 7. Panel Regression Results

Ind. Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

7 Coef. 0.405411 0,176995
t-Stat. 1.093774 0,452089
S Coef. 0.008427 0,012169
t-Stat. 0.129828 0,187664
T Coef. 0.489732 0,505101
t-Stat. 2.918285™" 3,130656™"
H Coef. 0.562578 0,541900
t-Stat. 2.827543™ 2,62401™
CA Coef. 0.012188 0,012556
t-Stat. 0.46807 0,478714
Coef. -0.869531 -1.18051 -1.24447 -0.829774 -1.189513 -0,733613
LEV o - -
t-Stat. -1.553253 -2.398381 -2.61966 -1.64547 2 423209 -1,334958
ROA Coef. 0.042283*** 0.042582*** 0.039073 0.041542*** 0.042374*** 0,037948**
t-Stat. 2.652943 2.654382 246711 2.597598 2.637625 2,404837
GIA Coef. 0.697715** 0.679034** 0.648254** 0.644042** 0.692704** 0,606719*
t-Stat. 2.098192 2.059805 2.046729 1.961122 2.102396 1,896194
c Coef. -0.120283  -0.102526  -0.09768 -0.141495  -0.102162  -0,144934
t-Stat.  -1.015774  -0.882039  -0.86777 -1.200024  -0.87889 -1,258729
R? 0,378190 0.362754 0.539938 0.528276 0.366653 0.730781
Adjusted R? 0,299480 0.283922 0.462553 0.450794 0.287859 0.657883
F-Statistic 4,805055™" 4.601533™" 6.977387™" 6.81824™"  4.652863™" 4.779631""
Prob(F-Statistic) 0,000826 0.001177 0.000018 0.000024 0.001077 0.00001
D-W Stat. 1,983449 1.986811 1.989785 1.983695 1.98539 1.994833
Note: Signs **, ™, and " indicate 1%, 5% and 10% significance levels, respectively.

In all models, the F-test results were considered in the estimator specification, and the analyses were
conducted using the pooled model approach.

The results of the panel regression analysis reveal that all models exhibit F-probability
values below 0.01, signifying statistical significance at the 1% level. This suggests that financial
failure scores, along with control variables, collectively elucidate the variations in sustainable
growth policies in a statistically significant manner. The significant F-probability values across
the models enable the testing of alternative hypotheses regarding the impact of financial failure
scores on sustainable growth policies. Among the models, Model 3 stands out with the lowest F-
probability value (0.000018), alongside the highest F-statistic (6.977387) and R? (0.539938).
According to the findings, the combination of Z'-score and control variables in Model 1
accounts for 38% of the changes in sustainable growth policies, while this explanatory
capability extends to 36% for Model 2, 54% for Model 3, 53% for Model 4, and 37% for Model
5. In Model 6, where all financial failure scores are incorporated as independent variables, a
substantial 73% of the changes in sustainable growth policies are explained collectively in a
statistically significant manner. The D-W stat. (Durbin-Watson statistic) values for the models
closely approximate 2, suggesting that the robust estimators effectively eliminated the
autocorrelation issue.
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Models 1-5 demonstrate that all financial failure risk indicators have positive effects on
sustainable growth policies as suggested by Platt et al., (1995), Fonseka et al. (2012) and Raza
et al. (2020). However, these effects are not statistically significant across all financial failure
risk models. Specifically, the results from Models 1, 2, and 5 indicate that the Altman (1983) Z'-
score, Springate (1978) S-score, and Legault (1987) CA-score financial failure risk indicators
fail to significantly explain the changes in sustainable growth policies of BIST Sustainability
Index companies. Consequently, the alternative hypotheses Hi, Hz and Hs are rejected based on
the findings. The outcomes from Models 1, 2, and 5 suggest that factors such as difficulties in
short-term debt repayments, costs of financial distress, bankruptcy costs, capital structure
decisions, working capital management decisions, and financial failure risks may not be pivotal
factors influencing firms' sustainable growth policies. This finding not only diverges from
traditional finance theory and is inconsistent with the findings of Platt et al., (1995), Fonseka et
al. (2012) and Raza et al. (2020) but also seems unrealistic. Consequently, it can be inferred that
the information and insights provided by the Altman (1983) Z'-score, Springate (1978) S-score,
and Legault (1987) CA-score financial failure models may not offer valuable insights for both
theorists and practitioners in understanding the relationship between firms' sustainable growth
policies and financial performance. On the contrary, the outcomes from Models 3-4 highlight
that the Taffler (1983) T-score and Fulmer et al. (1984) H-score financial failure risk indicators
strongly explain the changes in sustainable growth policies at the 1% significance level.
Consequently, the alternative hypotheses Hs and H4 cannot be rejected. Aligned with traditional
finance theory, the results from Models 3-4 suggest that financial management decisions,
financial success, and financial performance play crucial roles in the sustainability of growth
policies. This finding is significantly consistent with the findings of the Platt et al., (1995),
Fonseka et al. (2012) Raza et al. (2020), Niu (2016), Soytas et al. (2017), Yaman and Giir
(2023), Giilener et al. (2023). In this context, Taffler's (1983) T-score and Fulmer et al.'s (1984)
H-score financial failure models offer valuable insights into understanding the connections
between firms' sustainable growth policies and their financial performance. Assessing the
impacts of the T-score and H-score financial failure risk indicators on the HSGR reveals that a
1-unit change in the T-score corresponds to a 0.49-unit change in the HSGR, while a 1-unit
change in the H-score results in a 0.56-unit change in the HSGR. Although the Fulmer et al.
(1984) H-score model may appear to be a more practical indicator for formulating sustainable
growth policies in firms, the t-statistics values for the T and H score variables (2.9.8285 and
2.827573, respectively) indicate that Taffler's (1983) T-score model holds more significant
potential for assisting firm managers in developing sustainable growth policies. Additionally,
the superior performance of Model 3, which incorporates the T-score financial failure risk
factor, is evidenced by its higher F-statistic and R? values compared to Model 4. Furthermore,
the statistical significance of all control variables' t-statistics in Model 3, as opposed to the
financial leverage variable's lack of statistical significance in Model 4, further reinforces the
superiority of Model 3.

Model 6 is a statistically significant model due to its high F-statistic. Consequently, the
alternative hypothesis Hg cannot be rejected. The outcomes of Model 6 are fully consistent with
the findings observed in Models 1-5. Specifically, Model 6 reveals that the impacts of Z', S, and
CA financial failure risk scores on sustainable growth policies lack statistical significance, while
the effects of T and H financial failure risk scores are statistically significant. Furthermore, in
Model 6, the T-score variable exhibits a higher t-statistic compared to the H-score variable. This
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observation aligns with the results from Models 3-4, underscoring the importance of
scrutinizing Taffler's (1983) T-score model in the context of developing sustainable growth
policies.

5. Conclusions and Recommendations

Sustainable growth relies on the effective generation and allocation of internal resources,
as well as the efficient utilization of external resources. A sustainable environment requires a
sustainable economic and financial system, at a macro-scale. A sustainable economic system, on
the other hand, requires a high level of endogenous resource creation capabilities of micro units
that are compatible with environmental conditions and social standards. Ultimately, the
sustainable growth performance of economic entities is an important component of
environmental, social, and governance sustainability. Examining the determinants of sustainable
growth performance offers valuable insights for stakeholders such as corporate managers and
investors at the micro level, as well as policymakers shaping economic and environmental
strategies at the macro level. This study aims to provide information to macro and micro
beneficiaries in developing sustainability policies and to contribute to the sustainable growth
literature by examining the effects of financial failure risk on firms' sustainable growth policies.
The research encompasses non-financial entities listed in the BIST Sustainability Index, with
accessible data spanning from 2010 to 2022. In calculating firms' SGRs, the study employs the
HSGR ratio as proposed by Higgins (1977), while assessing the risk of financial failure through
the Altman (1983) Z'-score, Springate (1978) S-score, Taffler (1983) T-score, Fulmer et al.
(1984) H-score, and Legault (1987) CA-score models. The analysis follows a five-stage panel
data methodology, including the pre-tests of multi-collinearity, cross-sectional dependency,
slope homogeneity, stationarity, autocorrelation and heteroskedasticity, and panel regression
analysis.

The panel regression analysis reveals the significance of all developed models. In
particular, the statistical significance of the model in which all financial failure scores are
included together as independent variables answers the first research question positively. This
affirmative response to the initial research question suggests a positive impact of financial
failure scores on the SGR of BIST Sustainability Index firms, as suggested by Platt et al.,
(1995), Fonseka et al. (2012) and Raza et al. (2020). However, not all financial failure models
yield significant results. Specifically, the analysis indicates that financial failure scores derived
from the Altman (1983) Z'-score, Springate (1978) S-score, and Legault (1987) CA-score
models do not significantly influence firms' sustainable growth policies. This implies that
factors such as short-term debt repayment challenges, financial distress expenses, bankruptcy
outlays, capital structure decisions, and working capital management decisions may not
substantially shape firms' sustainable growth strategies. Conversely, the statistically significant
relationships observed between Taffler (1983) T-score and Fulmer et al. (1984) H-score
financial failure scores and SGRs highlight the pivotal role of financing decisions in shaping
growth strategies and fostering sustainable growth. Thus, it is suggested that Taffler's (1983) T-
score and Fulmer et al. (1984) H-score financial failure models be prioritized over Altman
(1983) Z'-score, Springate (1978) S-score, and Legault (1987) CA-score models in the process
of developing sustainable growth policies for firms.
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The comparison of the explanatory power between the Taffler (1983) T-score and Fulmer
et al. (1984) H-score financial failure models underscore the superiority of the T-score, directly
addressing the second research question. The findings strongly suggest that the Taffler (1983)
T-score model stands out as the most beneficial financial failure model for scrutinizing the risk
of financial failure in the development of sustainable growth policies. Examining the
components and coefficients of the Taffler (1983) T-score model reveals that enhancements in
pre-tax profits, a flexible working capital investment policy, a balanced working capital
financing policy, and a high net working capital level significantly contribute to the
sustainability of growth policies. These results underscore the significance of short-term
investment and financing decisions alongside long-term financial strategies for sustainable
growth. The examination of the components and coefficients of the Fulmer et al. (1984) H-score
model elucidates the positive impact of autofinancing policy and working capital investments
on attaining sustainable growth, and negative impact of high debt financing. The findings
generally suggest that companies at a high risk of financial failure may encounter operational
constraints, such as cash flow issues, supply chain disruptions, or rising costs, which may limit
their growth and steer them away from sustainability goals. The analysis reveals that balanced
financing policy and flexible investment policy in working capital management, along with
autofinancing decisions, positively contribute to sustainable growth, whereas high debt levels
have adverse effects. Remarkably, these findings align significantly with previous studies by
Platt et al., (1995), Fonseka et al. (2012), Raza et al. (2020), Niu (2016), Soytas et al. (2017),
Yaman and Giir (2023), and Giilener et al. (2023). Consistent with the analysis findings, it can
be inferred that establishing a solid financial footing, implementing effective risk management
strategies, and enhancing operational efficiency are crucial steps for BIST Sustainability Index
companies to attain their sustainable growth objectives.

The findings of the study are believed to provide valuable insights to firm managers and
investors at the micro level, and to environmental and economic policymakers at the macro
level and contribute to the existing literature, and provide valuable resources for theoreticians.
However, it's essential to handle the cross-sectional and time dimension constraints of the study
carefully while evaluating the findings. Since the study covers non-financial firms, a similar
evaluation of the findings for financial sector firms may lead to inaccurate results. Furthermore,
the exclusion of factors other than the risk of financial failure that could influence sustainable
growth policies represents a significant limitation of the study. In future research, incorporating
factors such as dividend policy, internal capital market variables, agency costs, and
macroeconomic indicators as determinants of sustainable growth policies alongside financial
failure risk may provide valuable insights across various segments and further enrich the
literature in this field.
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Appendix 1.

BIST Sustainability Index Firms Included in the Study

No Code Firm Title No Code Firm Title

1 AKCNS ﬁkgansa Cimento Sanayi ve Ticaret 5 RS Kordsa Teknik Tekstil A.S.

2 AKENR Akenerji Elektrik Uretim A.S. 21 LOGO kOSgO Yazihm Sanayi ve Ticaret

3 AKSA Aksa Akrilik Kimya Sanayi A.S. 22 MGROS Migros Ticaret A.S.

4 AKSEN  Aksa Enerji Uretim A.S. 23 NETAS Netas Telekomiinikasyon A.S.

5 AEFES Anadqlu Efes Biracilik ve Malt 24 OTKAR Otokar Otomotiv ve Savunma
Sanayi A.S. Sanayi A.S.

6 ARCLK  Argelik A.S. 25 PNSUT  Pinar Siit Mamulleri Sanayi A.S.

7 ASELS Aselsan Elektronik Sanayi ve 26 SISE Tiirkiye Sise ve Cam Fabrikalar1
Ticaret A.S. AS.

8 AYGAZ Aygaz A.S. 27 TATGD Tat Gida Sanayi A.S.

9 BIMAS  BIM Birlesik Magazalar A.S. 28 TAVHL Tav Havalimanlar1 Holding A.S.

10 BIZIM ilglm Toptan Satis Magazalari 29  TOASO iogas Tiirk Otomobil Fabrikasi
Brisa Bridgestone Sabanci Lastik Tiipras-Tiirkiye Petrol

11 BRISA Sanayi ve Ticaret A.S. 30 TUPRS Rafinerileri A.S.

12 CIMSA i‘rsnsa Cimento Sanayi ve Ticaret a9 Ty AQ  Tiirk Hava Yollar1 A.O.

13 CCOLA Coca-Cola igecek A.S. 32 TTKOM Tiirk Telekomiinikasyon A.S.

14 DOCO Do & Co Aktiengesellschaft 33 TTRAK Turk‘ Trak?or ve Ziraat

Makineleri A.S.

15 DOAS 2°Sg“$ Otomotiv Servis ve Ticaret 50 30| | Tyrkeell fletisim Hizmetleri A.S.

16 ENKAI Enka Ingaat ve Sanayi A.S. 35 ULKER Ulker Biskiivi Sanayi A.S.
Eregli Demir ve Celik Fabrikalari Vestel Elektronik Sanayi ve

17 EREGL T.A.S. 3 VESTL Ticaret A.S.

18 FROTO  Ford Otomotiv Sanayi A.S. 37 VESBE Yostel Beyaz Esya Sanayive

Ticaret A.S. )
19 KARSN Karsan Otomotiv Sanayi ve Ticaret 38 ZOREN Zorlu Enerji Elektrik Uretim

AS.

AS.
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Abstract

Chain hotels with $1 billion in market capitalization not only contribute to
employment creation and indirectly become a driving force in the regeneration
of local economies but also play an essential role in recovering local
economies with their high revenue per available room (RevPAR) values.
Besides, the financial stability of these hotel chains directly influences the
popularity of destinations, resulting in an influx of tourists to nearby regions,
which in turn generates an economic contribution to the overall development
of the tourism industry. Therefore, the aim of this paper is to determine the
financial factors that are affecting the RevPAR (RPR), their role in the
industry, and the validity of the agency cost theory of nine chain hotels that
have at least $1 billion in market capital listed in U.S. stock markets over the
period 2013-2022. The results show that, in contrast to the debt service
coverage ratio, receivables turnover ratio, and book value per share variables,
the day sales outstanding ratio and current ratio have a negative impact on
chain hotels' RevPAR.

Oz

Piyasa degeri 1 milyar dolar1 olan agmakta olan zincir oteller, istihdam
yaratilmasina katkida bulunmanin ve dolayli olarak yerel ekonomilerin
yenilenmesinde itici bir gii¢ olmanin yani sira, yiikksek oda bagina gelir
(revenue per available room, RevPAR) degerleriyle yerel ekonomilerin
toparlanmasinda da 6nemli bir rol oynamaktadir. Ayrica, bu otel zincirlerinin
finansal istikrar1 destinasyonlarin popiilerligini dogrudan etkileyerek yakin
bolgelere turist akinina neden olmakta ve bu da turizm endiistrisinin genel
gelisimine ekonomik bir katki saglamaktadir. Bu nedenle, bu ¢aligmanin
amaci, 2013-2022 doneminde Amerika Birlesik Devletleri (ABD) menkul
kiymet borsalarinda islem gérmekte olan ve piyasa degeri en az 1 milyar dolar
olan dokuz zincir otelin oda basma gelirlerini etki eden finansal faktorleri,
bunlarin sektordeki roliinii ve temsil maliyeti teorisinin bu sektor iizerindeki
gegerliligini belirlemektir. Sonuglar, borg servisi karsilama orani, alacak devir
hiz1 orani, hisse basina defter degeri degiskenlerinin aksine, bor¢ d6deme
vadeleri ile cari oran degiskenlerinin zincir otellerin oda bagma gelirleri
iizerinde negatif bir etkileri oldugunu gostermektedir.
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1. Introduction

Travel and tourism activity is an important source of job creation and a driver of economic
activity, supporting 10.3% of global GDP and over 333 million jobs in 2019. The sector directly
generated 3.2% of GDP as well as providing wider impacts indirectly through supply chain
spending and induced employee wages that support spending (WTTC, 2022: 7). Also, the lodging
sector is a crucial component of the tourism and hospitality industry, which is a worldwide
phenomenon. Highly capitalized hotels are particularly important in this sector, characterized by
large investments, sophisticated operations, and complex financial structures, generating
revenues, employing millions of people, and impacting tourism and related sectors as a significant
contributor to the global economy. They are globally recognized chains with diverse properties,
often publicly traded, catering to various guest segments and budgets, advancing financially, and
embracing new technology, marketing methods, and guest experiences. Some of the most well-
known of them are Hilton Worldwide Holdings, Inc. which is known for its brands Hilton Hotels
& Resorts, Conrad Hotels & Resorts, Waldorf Astoria Hotels & Resorts, DoubleTree by Hilton,
and Hampton by Hilton, which also have over 6,800 hotels and timeshare properties across 122
countries, and it is traded on the New York Stock Exchange (NYSE) as well. Marriott
International, Inc. is another leading global hospitality company that is traded on the Nasdaq
Stock Exchange and has over 7,800 hotels in 133 countries, including brands like Marriott Hotels
& Resorts, JW Marriott Hotels & Resorts, The Ritz-Carlton, Sheraton Hotels & Resorts, Westin
Hotels & Resorts, and W Hotels. Moreover, Intercontinental Hotels Group, Hyatt Hotels, and H
World Group are the others with a market capitalization exceeding $10 billion.

On the other hand, the ever-increasing demand for hotels has made the financial
performance of hotel chains an important issue. Understanding the financial health factors of these
hotels is not only vital for guests, policymakers, and managers but also for investors to make
informed investment decisions and enhance profitability and growth in the sector. Because the
hotel industry's cyclical nature and sensitivity to economic fluctuations can result in volatile
dividends and stock prices, posing a higher risk. Additionally, agency theory issues can affect
brand perception and investor confidence due to negative publicity, ethical concerns about labor
practices, or environmental impacts. But in contrast to these potential risks, highly capitalized
hotels offer investors a combination of financial stability, growth potential, liquidity, and reduced
management risk, making them attractive investment options for many. Therefore, understanding
the financial performance of hotel chains valued at over $1 billion is critical for the industry's
overall health and future. Thus, the aim of this paper is to explore the financial performance of
hotel chains with market capitalization exceeding $1 billion, their role in the industry, and the
validity of agency cost theory in the hotel industry, focusing on chain hotels. The study employs
the panel data method and covers the years 2013-2022, thereby providing a more comprehensive
analysis of the factors influencing the financial performance of major industry players in
comparison to studies that consider a wider range of hotel sizes. The metric RevPAR gauges the
financial performance of hotels and other lodging companies. This is a pivotal performance
indicator in the hospitality industry, encompassing both occupancy and average daily rates
(ADR), which reflect the pricing strategy. Furthermore, it is a crucial metric for evaluating the
validity of agency theory for chain hotels. Agency theory posits that managers may prioritize
short-term gains over long-term value creation. Consequently, RevPAR, which reflects short-term
revenue generation, may be an unreliable indicator of long-term value creation.
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The remaining sections of this paper are structured as follows: The subsequent section
presents a theoretical framework for agency cost theory and a comprehensive literature review,
encompassing studies on both financial performance and agency cost analysis. Section 3 requires
a detailed overview of the study's methodology, model, sample, and data collection processes. It
also includes specific definitions of the variables in the model and the resulting empirical findings.
The concluding part of the study analyzes the results and concludes with recommendations for
further studies.

2. Theoretical Framework and Literature Review

The agency cost theory examines the potential conflicts of interest that may arise when one
party (the principal) engages another party (the agent) to act on its behalf. Although the principal
authorizes the agent to make decisions, there is a possibility that the agent's objectives may not
always align perfectly with the principal. The theory is based on Smith's 1776 work, The Wealth
of Nations, which introduced the principal-agent relationship by arguing that principals cannot
supervise a company as rigorously as sole traders or partnerships owned by principals. Since then,
Berle and Means (1933) have continued to examine the separation of ownership and control in
corporations worldwide, revealing various levels of self-interest motives (Nguyen et al., 2020).

Additionally, Stephen Ross formally proposed economic agency theory in 1973,
emphasizing the design of contracts to minimize conflicts of interest between principals and
agents. Barry Mitnick, meanwhile, developed institutional agency theory in "Fiduciary
Rationality and Public Policy: The Theory of Agency and Some Consequences,” highlighting the
role of social norms, institutions, and power dynamics in shaping principal-agent relationships.
Besides, Jensen and Meckling's 1976 paper, considered the formal inception of agency theory,
which combined theories of agency, property rights, and finance to develop a firm ownership
structure. They focused on the relationship between shareholders and managers, defined agency
costs, and explored the types of agency costs arising from debt and outside equity. Also, Fama
and Jensen (1983) contributed to a significant body of literature by demonstrating that agents who
hold equity in a firm are more likely to embrace the actions desired by principals as their own.

In a subsequent study, Eisenhardt (1989) proposed that agents act in the principal's interest
when their actions are outcome-based. However, when agents perceive an unfair situation, they
may act in their own best interests, which may result in information gaps that complicate the
principal’s ability to monitor their agents' actions. This is known as principal-agent research on
agency problems, which encompasses risk-sharing and agent monitoring. In contrast, the
positivist perspective focuses on crucial governance mechanisms that prevent agents from acting
in their own self-interest. However, the agency problem is a persistent and challenging issue in
joint-stock companies, affecting organizations in various forms. It has evolved over time,
requiring a comprehensive understanding of its manifestations and associated costs. Hence,
academic fields like finance and economics have widely observed the presence of agency issues,
making this theory one of the most pivotal in finance and economic literature (Panda and Leepsa,
2017).

Accordingly, agency cost theory-based problems are crucial for chain hotels and industries.
Financial performance measurement is essential for reducing agency costs. Companies can create
a system that encourages managers to act in the best interests of shareholders by selecting
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appropriate metrics and interpreting them within their long-term strategy. Moreover, the complex
and interconnected relationship between the hospitality industry and tourism demand is critical to
the overall performance of the tourism industry. Numerous studies have thoroughly examined the
financial performance of hotels and assessed their impact on the tourism industry. Nevertheless,
the research on the impact of agency theory is insufficient. This section of the study comprises a
review of the literature on financial performance measurement and the effects of agency costs in
various sectors. However, this review prioritizes the tourism and hospitality sectors.

Morck et al. (1988) is a primary source that investigates the relationship between
management ownership and the firm's market valuation, as measured by Tobin's Q. A cross-
sectional analysis of 371 Fortune 500 firms in 1980 showed that Tobin's Q increases initially as
the proportion of shares owned by the board of directors rises, then declines before slightly rising
as the proportion of shares rises. The study suggests that running a firm by a founding family
member lowers Tobin's Q compared to an officer unrelated to the founder. Haubrich's (1994)
paper represents the agency cost impact, employing numerical solutions to the principal-agent
problem and comparing these solutions to CEO compensation. Using the Grossman and Hart,
Holmstrom, and Milgrom models, he derives numerical predictions and concludes that providing
correct incentives can significantly enhance a firm's performance. He found that CEO
compensation can increase by $10 for every $1,000 of additional shareholder value, with some
cases reaching as low as 0.003 cents. The study of Dahlstrom et al. (2009) examines the principal-
agent perspective in the hotel industry, focusing on entrepreneurs' motivations to join hotel
alliances. The study explores the decision between independent ownership, affiliation with a
voluntary chain, integration, and franchising. Data from 650 hotels revealed that factors such as
size, amenities, population, and headquarters distance have a significant impact on hotel
governance. Guillet and Mattila's (2010) study on corporate governance in the U.S. hospitality
industry revealed that firms with weaker shareholder rights tend to be larger, have higher earnings
per share, lower capital expenditure per asset, and have higher leverage ratios. Furthermore, the
study identified significant discrepancies in performance metrics between high- and low-
corporate governance firms across various hospitality sectors, including hotels, restaurants, and
casinos.

In addition, Ozdemir and Upneja's 2012 study identified a positive correlation between
CEO compensation and the proportion of outside board members in US lodging firms. However,
their findings contradict previous research, which suggested that larger boards weaken board
effectiveness and control over CEO actions. In another study, Ozdemir et. Al (2013) examines
the relationship between CEO compensation and risk (systematic risk) in the U.S. restaurant
industry. It investigates whether CEOs in restaurant firms with high-risk profiles should be
rewarded with higher incentive-based compensation to motivate them to perform at their full
potential for the mutual benefit of the CEO and shareholders. Moreover, the study examines
whether firm risk moderates the relationship between firm performance and CEO total
compensation, controlling for firm size and CEO ownership. The findings indicate that firm risk
is associated with higher incentive-based compensation for CEOs of restaurant firms.
Additionally, the moderating effect of firm risk on the relationship between pay and performance
in the restaurant industry is not evident.

In a separate study, Ozdemir et al. (2013) explored the relationship between CEO
compensation and risk in the U.S. restaurant industry. They found that high-risk firms reward
CEOs with higher incentive-based compensation to encourage them to reach their full potential.
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The study also examined how firm risk moderates the relationship between firm performance and
CEO total compensation. The findings suggest that firm risk is associated with higher incentive-
based compensation for CEOs in restaurant firms, but the moderating effect on pay and
performance is not evident. Freedman and Kosova's (2014) study investigated the impact of
ownership structures on hotel compensation and human resource strategies. The study builds on
previous research (Krueger 1991, Rebitzer 1995, Rebitzer and Taylor 1995), examining the
complex relationship between supervision, pay, and personnel practices in the hotel industry. The
study highlights the labor-intensive nature of the industry and the use of technology as a substitute
for human supervision, as well as contractual differences between salaried managers and
franchisees. The study reveals that workplace agency issues impact pay timing and employers'
tendency to use performance-based incentives like bonuses and merit-based raises. Furthermore,
Bianchi and Chen's 2016 study examines the relationship between CEO compensation and firm
performance in both the hospitality and non-hospitality industries. They used a fixed effects
model to address the principal-agent problem in CEO compensation between 1992 and 2010. The
findings showed a lower compensation rate for CEOs in the hospitality industry compared to other
industries, primarily due to higher salaries, bonuses, long-term incentive plans, non-equity
incentives, and restricted stocks. The study also found that incentives provided to CEOs did not
resolve the principal-agent problem in both industries. In their 2022 study, Liang et al. employed
dynamic panel regression tests to assess the influence of board size, age, and education on the
performance of Chinese hotel firms. The results showed that board size and age had nonlinear
effects on performance, whereas board education had no significant effect. Board size's effect on
growth opportunities was cubic, supporting agency and resource dependence theories. Board age's
influence on growth opportunities was quadratic, with an optimal point of 51. The study
emphasizes the importance of hotel directors' resources and experience for success.

The study of Bresciani et al. (2015) on the Italian hotel industry is one of these that
investigates the impact of factors such as size, category (stars), and service variety on
performance. The study analyzed 450 hotels and found a strong correlation between a hotel's star
rating and its performance. However, no significant impact on performance was found from size
or service variety. In another study, Aznar-Alarcon and Sayeras Maspera (2015) analyzed the
financial structure, size, and profitability of hotels in three Spanish coastal regions: Costa Brava,
Costa Dorada, and Costa del Sol. The analysis of around 100 hotels revealed significant
differences in their performance within these regional clusters of the hospitality industry. The
study revealed that the three regions have significant differences in hotel size, financial structure,
and economic performance. Costa del Sol's larger hotels result in higher debt and interest
payments, negatively impacting profits. Costa Dorada's larger hotels allow for economies of scale
with manageable interest payments, leading to better economic performance due to their size and
higher occupancy rates.

A recent study by Babajee et al. (2022) explored the link between corporate social
responsibility (CSR) activities and found that CSR activities significantly impacted firm financial
performance in 43 hotels from 2007 to 2018. Growth opportunities mediated the relationship, and
high-growth hotels had better opportunities to engage in CSR activities, which positively
impacted their performance. Temelkov's 2022 study examined the financial impact of COVID-
19 on hotels in 2020 compared to 2019, finding a decrease in operational efficiency and increased
revenue spending. Hotels implemented cost-cutting strategies, while government support
programs and domestic tourism promotion helped mitigate the pandemic's negative effects.
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Moreover, Raguseo and Vitari's 2017 study analyzed the impact of electronic word of
mouth (e-WOM) on the performance of branded chain hotels in France, using financial data and
34,164 online customer reviews from TripAdvisor. The research explored 221 hotels, including
both branded and non-branded chains in France, from 2005 to 2013. The study reveals that the
volume of online reviews does not impact RevPAR growth for branded chain hotels, but it
positively affects it for non-branded chain hotels. The valence of online reviews and their
interaction with the yearly and cumulative volume of reviews directly affect RevPAR growth and
sales profitability for non-branded chain hotels, but not for branded chain hotels. The study
contributes to the literature on e-WOM and suggests that branded chain hotel managers may face
challenges in utilizing e-WOM to achieve higher revenue per available room and sales
profitability.

The study by Sharma and Upneja (2005) is one of the primary ones to examine the effective
factors of the financial performance of small hotels, with a focus on developing countries such as
Tanzania. The study involved the use of financial ratio analysis on business performance data
collected through face-to-face interviews with small hotel owners in Tanzania. The main findings
indicate that inefficiencies resulting from inadequate employee training, low investments in fixed
assets and technology, as well as government policies that overlook the importance of ensuring
safety and security and expediting the processing of licenses and permits, may equally contribute
to low profitability in small hotels. In a similar study, Sardo et al. (2018) analyzed the effect of
intellectual capital on small and medium-sized hotel financial performance for the period between
2007 and 2015, using a sample of 934 Portuguese small and medium-sized hotels with a dynamic
panel data method. The study reveals that human capital, structural capital, and relational capital
are key components of intellectual capital that positively impact hotel financial performance.
These components are essential for service quality in the hotel sector, and establishing and
maintaining long-term relationships with key stakeholders also capitalizes on human and
structural capital. Also, Sainaghi’s (2010) paper is among the earliest ones that explore identifying
the determinants of RevPAR for individual firms located in a destination of 72 individual firms
operating in the 3-5-star range using data from financial statements and questionnaires, focusing
on ‘what' and 'where' dimensions. The study reveals that room count, employee count,
refurbishment history, market orientation, and centrality within the destination impact the
positioning of the "what" and confirm the relevance of location, particularly centrality within the
destination.

Furthermore, Nunes and Cardoso Vieira Machado (2012) emphasized the importance of
financial measures in hotel performance assessment but suggested that non-financial measures
should be used to consider the industry's unique characteristics and hotel service. Singh and
Schmidgall's (2012) study examined the U.S. lodging industry's financial profile by analyzing
2,091 financial statements from hotels with asset sizes ranging from $500 thousand to $250
million. The study found that the industry's financial performance varies based on hotel size and
sample quartiles. Asdullah and Rehman (2015) analyzed the financial performance of the Serena
Hotel and the Marriott Hotel in Pakistan, finding that both hotels performed better in 2012 but
didn't maintain sufficient assets compared to liabilities. The Serena Hotel had a higher profit
margin ratio than the Marriott Hotel. Jawabreh et al. (2017) explored strategies for managing hotel
income and costs, revealing that the number of guests and their spending power significantly
impact a hotel's revenues, with single guests' spending power having the greatest impact on
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profitability. Both changing and fixed costs directly affect the hotel sector's profitability and
activity, requiring careful planning, monitoring, and follow-up.

Both Pacheco (2016) and Chattopadhyay and Mitra (2019) conducted studies on RevPAR
and room ADR in the hotel industry. Pacheco's study found that local variables significantly
impact hotel performance in Portugal, particularly for 4-star hotels, accounting for 55% of
changes in RevPAR. The hotel sector's performance is linked to cyclical factors, particularly
tourism growth, but is vulnerable to uncontrollable, volatile variables. In their study,
Chattopadhyay and Mitra predicted RevPAR in Sweden using multiple regression and the MARS
(Multivariate Adaptive Regression Splines) model. The study analyzed monthly seasonality,
yearly trends, and nonlinear price and demand influences. The findings indicated that MARS
could establish a nonlinear relationship between RevPAR and other determining variables, which
suggests the potential for developing an improved forecasting model.

Also, Jiang and Taylor (2020) studied price determinants in the lodging industry. They
found that factors such as hotel class, operation, location, size, and seasonality significantly
influence the ADR and RevPAR. The study emphasizes the importance of these determinants in
revenue management and provides guidelines for pricing decisions in resort areas. The data
indicates that independent hotels typically have higher ADR and RevPAR than chain hotels,
whereas franchised hotels tend to have lower ADR and RevPAR. Occupancy does not appear to
be a determining factor for prices, and older hotels tend to have higher ADR and RevPAR. Also,
increased passenger arrivals have a positive effect on ADR and RevPAR. In JakaSa's (2017) study,
the financial performance of Croatia's 40 largest hotel companies was analyzed, with a focus on
factors such as size based on sales, leverage, coverage ratio |, and coverage ratio Il. The study
found that leverage had a negative correlation with net margin performance, making it the most
significant variable. Only the coverage ratio had a significant impact on performance when it
came to ROE (Return on Equity), whereas the independent variables had no significant impact on
ROA (Return on Assets). Shieh et al. (2018) investigated the factors that impact the financial
performance of international tourist hotels in Taiwan using moving average regression and panel
data regression. The study identified four key factors that affect financial performance: domestic
visitors, occupancy rate, operation year, and joining a chain system.

Besides, in two separate studies on Kenya, Chebii and Kaplelach (2019) conducted a study
on the factors affecting the financial performance of 67 Star Hotels in Kwale County, Kenya. The
research, based on open-ended and closed questionnaires, secondary sources, and annual financial
reports, revealed that hotel ownership, organizational structure, capital structure, and working
capital all positively impact the financial performance of hotels. In 2021, Murimi et al. did a study
on revenue management practices (RM) and how they affect a hotel's financial performance. They
did this in two steps: first, they looked at previous research on RM practices and what factors
affect them; and second, they improved the framework. They present a theoretical framework that
explains the impact of revenue management practices on the financial performance of Kenyan
hotels by using contingency theory and its strengths and weaknesses in revenue management
studies. Furthermore, Abdelmawgoud and Abd El Salam's (2022) study is one of the latest to
examine operational and financial performance indicators in Cairo's four- and five-star hotels.
The study found high variation in performance indicators, with factors such as hotel manager
gender, chain type, and nationality having a significant impact on hotel performance. The study
found a positive correlation between total room revenues and the average daily rate, RevPAR,
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total rooms sold, and annual rooms. Additionally, a strong direct relationship was observed
between the average daily rate and RevPAR at the 0.01 level.

On the other hand, despite being an integral component of the tourism sector and playing
a vital role in supporting the economic well-being of destinations, fostering job creation, and
ensuring a smooth and enjoyable travel experience for tourists, there are relatively few studies on
the financial performance of chain hotels. It is important to objectively evaluate their financial
impact to better understand their contribution to the industry. Thaothampitak and Wongsuwatt's
(2019) study is one of them, which investigates the effect of chain hotel employees' perceived
risk on their hotel's financial performance and the moderating role of hotel employees' job roles
in Thailand using a questionnaire survey. The results of their study revealed that the perceived
risks of chain hotels are a significant instrument for enhancing all three aspects of hotel
performance, including profitability, growth, and market value. Yang's 2019 study is another one
that examined the correlation between the amount of money spent, the number of hotels acquired,
and the financial performance of acquirer hotel groups post-acquisition. The results showed that
the increase in EBITDA and operating efficiency ratio is more dependent on the number of target
hotels acquired than the amount of money invested. The study also found that when more target
hotels are acquired, the annual EBITDA increases at a lower percentage, while the operating
efficiency ratio increases at a higher percentage. The size of the acquisitions significantly impacts
the financial performance of the groups.

3. Model and Findings
3.1. Data and Variables

Table 1 presents characteristics selected from scholarly literature, including nine U.S. stock
market-listed group hotels with a minimum capital market value of $1 billion, sourced from
official websites and annual reports covering the period from 2013 to 2022 and, Table 2 shows
the descriptive statistics.

Table 1. The Variables and Definitions

Variables Symbols  Definitions
Dependent Variable
RevPAR RPR Total Room Revenue / Number of Available Rooms

Explanatory Variables

(Operating Cash Flow-Preferred Dividends) / Total

Operating Cash Flow per Share OCF Common Shares Outstanding

Price to Book Ratio PBR Market Value per Share / Book Value per Share
Price to Earnings Ratio PER Market Value per Share / Earnings per Share
Price to Sales Ratio PSR Market Value per Share / Total Revenues

(Total Equity-Preferred Equity) / Total Shares

Book Value per Share BVS g
Outstanding
Day Sales Outstanding DSO (()?g:;;snts Receivable / Total Credit Sales) x Number
Receivable Turnover RTV Net Credit Sales / Average Accounts Receivable
Debt Service Coverage Ratio DSC Net Operating Income / Total Debt Service
Current Ratio CUR Current Assets / Total Assets
Return on Investment ROI (Net Income / Total Investment) x 100
Return on Assets ROA Net Income / Average Total Assets
Return on Equity ROE Net Income / Shareholder Equity
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Table 2. Descriptive Statistics

RPR OCF DSC RTV DSO BPS PER PSR PBR ROE ROl ROA CUR
Mean 106.81 0.16 0.21 12.03 46.17 861 2180 300 -026 -10.81 1449 6.08 1.07
Median  102.96 0.13 0.12 7.49 4693 334 2048 255 265 369 1054 527 1.03
Max. 246.25 9.06 125 6146 12586 4156 8850 830 80.78 383.7 9139 3248 260
Min. 0.0000 -9.76 -0.14 0.000 0.000 -14.00 -59.70 0.000 -239.14 -947.97 -21.04 -1498 0.42
Std. Dev. 54.240 2.12 0.31 13.02 2641 1482 2152 191 3358 14129 19.72 801 045
Skewness 0.4115 -0.11 225 254 049 089 028 092 -419 -368 138 020 113
Kurtosis  2.3704 1060 735 866 333 251 582 369 311 2545 559 378 452
J-B 4.0267 216.89 147.13217.79 4.17 1283 3118 1466 3224.2 209454 53.85 288 27.92
Prob. 0.1335 0.000 0.000 0.000 0.12 0.001 0.000 0.000 0.000 0.000 0.000 0.23 0.000
Sum 9613.7 15.17 19.63 1083.4 4155.48 775.01 1962.1 270.35 -24.19 -972.68 1304.79 547.88 97.19
Obs. 90 90 90 90 90 90 90 90 90 90 90 90 90

3.2. Panel Regression Model

Equation (1) is designed to calculate the determinant financial factors for the RevPAR
model (RPR), which represents financial efficiency.

RPRit = fo + A/A0OCF,; + £PBR; + PSR+ £iBVS, + £DSO .+ feRTV: + fDSC .,

1
+ ACUR;+ AROl:+ fiROA:+ fuROE, + & i=1,..,9 @)

Panel regression is a commonly used econometric technique for analyzing cross-sectional
and time-series data. However, it is important to check for prerequisites such as autocorrelation,
heteroscedasticity, and multicollinearity before using it. Additionally, it is also necessary to
ensure that there are no issues with stationarity or cross-sectional dependence (CSD).

Ragnar Frisch introduced the term multicollinearity' to describe the precise linear
relationship between independent variables in a regression model, which can lead to estimation
errors when analyzing time and cross-sectional series. To reduce biased coefficients, highly
correlated variables can be removed from the model by eliminating those strongly linked to the
VIF (Variance Inflation Factor). But multicollinearity is usually not a big problem with panel data
that includes more than one thing, and it is still a good idea to do correlation matrix or VIF tests
to make sure there isn't any problematic multicollinearity. In this paper, VIF analysis is performed
to identify potential factors causing multicollinearity using a test based on the variance inflation
factor. Besides, some studies consider a VIF score exceeding 5 to be concerning, while others
adopt a more prudent stance and establish a threshold value of 2.5 (Gujarati and Porter, 2009:
340). The analysis revealed that the variable with the highest VIF value was 3.59. Therefore, the
findings suggest that the model did not exhibit any issues with multicollinearity.

3.2.1. Cross Sectional Dependency

CSD and unit root tests are crucial in econometrics, particularly when analyzing panel data.
Despite their differences, they interact with and impact each other. Thus, the cross-section
dependence test developed by Pesaran (2004) was primarily conducted, and the results are
presented in Table 3.
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Table 3. Cross Sectional Dependency Analysis
Ho: No cross-section dependence

Variables CD-test p-value Corr abs(corr)
RPR 9.17 0.000 0.483 0.554
OCF 7.98 0.000 0.420 0.510
PBR -0.81 0.419 -0.043 0.496
PER 1.36 0.173 0.072 0.378
PSR 2.46 0.014 0.130 0.616
BVS -0.02 0.984 -0.001 0.494
DSO 4.64 0.000 0.245 0.484
RTV 5.58 0.000 0.294 0.515
DSC 8.95 0.000 0.472 0.472
CUR 1.83 0.067 0.097 0.316
ROI 7.36 0.000 0.388 0.414
ROA 9.01 0.000 0.475 0.488
ROE 2.11 0.035 0.111 0.281

Table 3 shows that certain variables have probability values below the critical threshold of
0.05, indicating the presence of CSD among these series. If CSD is detected, various methods can
be used to address it. However, it can make rejecting the null hypothesis of a unit root more
challenging, even when the series is stationary. To detect and eliminate the problem of CSD in
unit root testing, several second-generation panel unit root tests must be applied.

3.2.2. Panel Unit Root Tests

This section of the paper includes panel tests for unit roots. The decision on which unit root
tests to apply is contingent upon the results of the CSD test, as shown in Table 1. Therefore, it is
necessary to examine the stationarity of the series that display CSD (RPR, OCF, PSR, DSO, RTV,
DSC, ROI, ROA, and ROE) using the second-generation unit root test. Hence, the Pesaran-CADF
test, developed by Pesaran in 2003, was applied to the series showing CSD, and unit root tests
were analyzed, and the results are shown in Table 4. For series that do not exhibit CSD,
stationarity is evaluated using first-generation unit root tests such as LLC and IPS, and non-
stationary series are transformed into stationary ones by taking the first difference.

Table 4. Pesaran’s CADF Test Results

Ho: Unit root

Series Z[t-bar] P-value
RPR -2.492 0.006
OCF -3.771 0.000
PSR -2.131 0.017
DSO -2.592 0.005
RTV -1.864 0.031
DSC -1.917 0.028
ROI -2.228 0.013
ROA -2.237 0.013
ROE -3.473 0.000
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3.2.3. Panel Data Regression

After ensuring the series is stationary through differencing, an F test was conducted to
determine the most appropriate model between the fixed/random effects models and the pooled
model. The results of the F test [F (12, 60) = 16.87, P = 0.000<.01] revealed that the pooled
regression model was not suitable for estimation. Thus, the Hausman test is used to determine
whether a panel model should use a fixed effect or a random effect. The results of the Hausman
test (prob>chi2 = 0.0240) showed that the fixed effect estimator was consistent at a significance
level of 0.05, disconfirming the null hypothesis that random effects are valid and suggesting the
fixed effects model is more appropriate.

Following both a modified Breusch-Pagan / Cook-Weisberg test was also used to check for
heteroscedasticity, and the null hypothesis of constant variance was accepted depending on the
chi-square test statistic (chi2 (1) = 1.27, prob>chi2 = 0.2604>.01). The series is also checked for
serial correlation and autocorrelation in panel data using the Wooldridge test. The results of this
test showed that there is evidence to suggest that there is a serial correlation in the data (Prob > F
=0.0194).

Ultimately, as shown in Table 5, Beck and Katz’s (1995) period SUR (PCSE) method
heteroscedasticity-consistent standard error estimator re-estimates the model. This method is
useful for estimating when both heteroscedasticity and autocorrelation are present.

Table 5. Beck and Katz’s Panel Corrected Standard Errors Estimator Results
Dependent Variable: RPR

[Coefficient] [Std.Error] [z Statistics] [p-value]
OCF -1.001702 1.565786 -0.64 0.522
DSC 57.26488 10.97273 5.22 0.000*
RTV 1.798869 0.3263034 5.51 0.000*
DSO -0.5883361 0.1377212 -4.27 0.000*
BVS 1.139649 0.2904194 3.92 0.000*
PER 0.0666387 0.1373087 0.49 0.627
PSR 2.671174 2.369638 1.13 0.260
PBR 0.0450221 0.085138 0.53 0.597
ROE 0.0045562 0.027191 0.17 0.867
ROI 0.2653914 0.2309649 1.15 0.251
ROA 0.9737203 0.8634342 1.13 0.259
CUR -18.92321 9.282876 -2.04 0.041**
CONSTANT 92.34342 17.12572 5.39 0.000
Observations 81
Adj. R? 0.6350
Prob > chi2 0.0000

Note: The model was applied with a White's heteroscedasticity-consistent standard error estimator.
“Statistical significance at 1% level. *Statistical significance at 5% level

Table 5 indicates a positive correlation between the RPR and the DSC. DSC is a key
financial statistic in the hotel industry and quantifies a hotel's capacity to cover its debt payments
using its operational cash flow. The calculation involves dividing the net operating income (NOI)
by the total debt service. Therefore, it may be inferred that the correlation between RPR and DSC
is contingent upon a high RPR. Since RPR generally results in increased net operating income,
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which subsequently leads to a higher DSR, this is due to the fact that RPR is a direct factor
influencing NOI.

RTV has a positive relationship with the model, and Beck and Katz’s (1995) panel-
corrected standard errors estimator shows that this is statistically significant. Hotels facilitate
credit sales by providing customers with the choice to pay using a credit or debit card, and this
payment method enables consumers to delay payment for their lodgings to boost sales.
Furthermore, BVS has a positive effect, whereas RPR has an inverse correlation with both DSO
and CUR; however, the impact of CUR on RPR is relatively weaker.

4, Conclusion

Chain hotels possess the ability to attract a larger percentage of tourists to a specific
location due to their established brand recognition, esteemed reputation for excellence, and
consistent service standards. This power serves as a catalyst for stimulating local economies by
encouraging increased expenditure on lodging, food and beverage, and other tourism-related
services. Additionally, these organizations also operate as important employers within the tourism
industry, offering employment opportunities to a diverse array of the public, including hotel staff,
tour guides, and transportation suppliers. Simultaneously, they are making substantial
investments in their properties and neighboring areas to foster the development of new
infrastructure, attractions, and amenities. Nevertheless, it is equally uncontested that chain hotels
generate substantial economic value and exert a considerable influence on both national and
global economies. Moreover, since their operations generate cash flows that are contingent on
foreign currency transactions, they also have an impact on countries' balances of payments. They
also contribute to infrastructure development and knowledge transfer, providing a more skilled
workforce and a more attractive environment for further economic growth. Therefore, this study
was conducted to identify the financial factors that affect the financial performance and financial
sustainability of chain hotels, which are among the important stakeholders in economies, and to
test the effects of agency costs on these institutions. Hence, | employ panel data methodology to
assess the financial factors that influence the financial performance of large chain hotels and to
evaluate the impact and validity of the agency cost theory in these hotels.

The findings revealed a positive correlation between RevPAR and debt service coverage
ratio in chain hotels with $1 billion in market capitalization. This supports the efficient
management of agency costs in the hotel industry, despite anticipated agency costs due to
ownership separation, operational complexity, information asymmetry, and misalignment of
incentives. Large chain hotels effectively manage these costs by monitoring, aligning incentives,
and increasing transparency. Established chain brands, due to their higher brand awareness and
customer loyalty, can benefit from higher occupancy rates and implement more flexible pricing
strategies. This aligns the interests of managers (agents) with those of shareholders (principals),
thereby reducing the likelihood of them engaging in risky ventures that could jeopardize the firm's
solvency and their position. This result is consistent with the findings in the literature (Corgel and
Gibson, 2005).

Moreover, the findings showed that there is also a positive relationship between RevPAR
and RTV, and this is a clear sign of the revenue generation capability and debt collection
efficiency of these hotels. By maintaining strong RevPARs and optimizing RTVs, they enhance
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their financial stability, investor appeal, and long-term growth prospects. In contrast, RevPAR
has a negative correlation with days sales outstanding, which is consistent with the positive
RevPAR-RTYV relationship and emphasizes the importance of accounts receivable management
for hotels. Because hotels can achieve long-term success and sustainability in the competitive
hospitality business by prioritizing the reduction of DSO, this strategy improves cash flow,
minimizes financial risks, and enhances overall financial health. This positive relationship
suggests that there is an alignment between the interests of management (agents) and shareholders
(managers) in chain hotels. A higher RevPAR indicates the hotel's effective room sales and
revenue generation, while a higher receivables turnover rate confirms the effective collection of
revenue. This reduces the risk of negative debt and, potentially, increases profitability by freeing
up cash flow for reinvestment. The positive correlation between these variables suggests that the
management of working capital is effective, which in turn indicates that the financial health of
chain hotels is robust. Consequently, these fosters enhanced investor confidence and a reduced
cost of capital for chain hotel companies. According to shareholders, the reduction of agency costs
and the improvement of financial performance are both desirable outcomes. In fact, various
studies (Warrad and Omari, 2015; Blal et al., 2018; Yamin and Prawiti, 2020; Annaria et al.,
2021) that investigated the impact of various financial ratios on profitability (ROE, ROA) and
financial performance (revenue growth) have found a positive relationship between receivables
turnover rate and RevPAR. This is because efficient accounts receivable management, along with
other operational aspects, can improve financial performance, which is likely to have a positive
impact on RevPAR for hotels.

Additionally, BVS exerts a positive influence on RevPAR. The findings indicated a
positive correlation, suggesting that hotels with consistently high RevPAR tend to have a greater
book value per share. This is due to RevPAR's role in mitigating agency conflicts and enhancing
financial performance. A high RevPAR indicates a hotel's financial health, as increased revenue
generation per available room correlates with improved profitability. Hotels with high RevPAR
have greater financial resources to reinvest in property upgrades, staff training, or brand
development. This virtuous cycle fosters long-term financial sustainability and growth, resulting
in improved operational efficiency and a stronger brand. Furthermore, a high RevPAR is also
associated with a decrease in agency conflicts. If financial pressures mount due to low RevPAR,
managers may be inclined to prioritize their own interests over those of shareholders. This may
manifest as excessive compensation or short-sighted cost-cutting measures that ultimately erode
shareholder value. On the other hand, robust RevPAR performance provides financial stability,
thereby reducing the pressure to engage in such behavior. In fact, the results suggest that hotel
management can create a more shareholder-friendly environment by prioritizing strategies that
increase RevPAR, resulting in enhanced financial performance and a higher book value per share.

Also, within the framework of agency theory, the relationship between the current ratio and
RevPAR is complex. A robust RevPAR is indicative of financial stability. This allows hotels to
invest in growth opportunities that may lead to a short-term decrease in the current ratio.
Moreover, such investments have the potential for long-term profitability gains, including
property expansion, brand acquisition, and technological advancements. Similarly, high
occupancy rates in the hotel industry led to industry-specific working capital requirements,
resulting in a lower current ratio compared to other industries. Large hotel chains frequently
franchise their brands, reducing the amount of property, plant, and equipment (PP&E) on their
balance sheet, resulting in a lower current ratio, even with a robust RevPAR. Seasonal fluctuations
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are also important because RevPAR varies depending on the season, allowing hotels to
strategically adjust their working capital. During peak seasons, hotels may invest in additional
inventory or staffing to meet demand, temporarily decreasing the current ratio. Conversely, during
low seasons, they may reduce inventory levels, increasing the current ratio but potentially
impacting the guest experience during peak periods.

A high RevPAR, on the other hand, is a sign of strong financial performance. However, it
can also prompt managers to prioritize investments that advance their careers or visibility, even
if they do not yield the highest return on investment (ROI). This can result in increased
expenditure on non-economically viable projects or lavish perks, which in turn reduces the current
ratio without clear long-term benefits for shareholders, according to agency theory. The analysis
shows that there is a negative correlation between RevPAR and the current ratio; the presence of
extraordinary circumstances during the COVID-19 pandemic caused a significant downturn in
the hospitality sector, resulting in a decline in RevPAR. However, chain hotels with strong
financial management, such as those in this study, were able to maintain a high current ratio,
which is consistent with previous research findings (Temelkov, 2022; Nicolau et al., 2023; Singh
and Corsun, 2023).

The findings exposed a negative correlation between RevPAR and day sales outstanding in
chain hotels with $1 billion in market capitalization. Furthermore, the evidence from studies of
working capital management, profitability, and financial performance confirms a negative
relationship between DSO and RevPAR (Cumbie and Donnellan, 2017; Nguyen, 2023). A longer
DSO can lead to lower profitability, which in turn can translate into lower RevPAR for hotels due
to revenue collection delays. Effectively managing DSO is critical to optimizing financial
performance and potentially increasing RevPAR in the hospitality industry.

In conclusion, RevPAR is a key indicator of a hotel chain's efficiency in managing agency
costs. A higher RevPAR indicates better financial health, profitability, and shareholder value,
suggesting efficient resource utilization. Conversely, a negative correlation between RevPAR and
metrics like days sales outstanding suggests longer collection periods lead to lower RevPAR. This
suggests challenges in managing accounts receivable, potentially impacting cash flow and overall
financial performance. This could indicate inefficiencies in hotel credit and collection processes,
which in turn could affect agency cost management. The analysis emphasizes agency theory's
concern.

Future research could investigate the variation in agency costs and management strategies
across chain hotels in different geographical regions. Additionally, it could investigate the
influence of market competition, seasonality, and economic conditions on the relationship
between RevPAR and days sales outstanding, as well as on agency costs in the hotel industry.
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Abstract
This study aims to analyse the relationship between foreign direct investments
(FDI) and portfolio investments (PI) and interest rates. Firstly, ADF and PP unit
root tests were applied to determine whether the variables were stationary or
not. Since the series became stationary at different levels, the ARDL
(Autoregressive Distributed Lag Bound Test) test, one of the cointegration tests,
was applied. Afterward, Toda-Yamamoto tests were utilized to determine
whether there is causality between the variables and if there is a causality
relationship, to determine its directions. According to the ARDL bound test
results, it is concluded that there is no short-term asymmetric relationship
between Pl and other independent variables. In other words, there is no
statistically significant relationship between Pl and EUR, USD and TL interest
rates. On the other hand, it is concluded that the FDI dependent variable and
other independent variables are long-run cointegrated in the relevant period.
According to the results of the Toda-Yamamoto causality test where FDI and
TL, EUR, and USD are independent variables, it is concluded that there is a
Granger causality relationship between FDI and TL and EUR interest rates.
Oz

Bu ¢alismada, dogrudan yabanci yatirimlar (DDY) ve portfdy yatirimlar ile
faiz oranlart arasindaki iliskiyi analiz etmeyi amaglamistir. Ilk olarak,
degiskenlerin duragan olup olmadiklarinin tespiti i¢in ADF ve PP birim kok
testleri uygulanmistir. Egbiitiinlesme testlerinden ARDL (Autoregressive
Distributed Lag Bound Test) testi uygulanmigtir. Sonrasinda, degiskenler
arasinda nedenselligin olup olmadigi, nedensellik iligkisi varsa yonlerinin tespit
edilebilmesi i¢cin Toda-Yamamoto testlerinden yararlanilmigtir. ARDL sinir
testi sonuglarina gore, portféy yatirimlart ile diger bagimsiz degiskenler
arasinda kisa donemli asimetrik iliskinin olmadig1 sonucuna varilmigtir. Yani,
portfoy yatirimlari ile EUR, USD ve TL faiz oranlar1 arasinda istatistiki
anlamda herhangi bir iligki bulunamamistir. Diger taraftan hesaplanan F
istatistigi %1 6nem seviyesindeki kritik degerlerden biiyiik oldugu i¢in DDY
bagimli degiskeni ile diger bagimsiz degiskenlerinin ilgili donemde uzun
donemli esbiitiinlesik oldugu sonucuna vartlmustir. Toda-Yamamoto
nedensellik testlerinin sonuglarina gore ise; DYY ile TL, EUR ve USD
bagimsiz degigsken oldugu Toda-Yamamoto nedensellik testi sonuglarina gore,
DYY ile TL ve EUR faiz oranlarn arasinda Granger nedensellik iliskisinin
oldugu sonucuna varilmustir.

* This study is an edited version of the abstract presented at the 4th International Banking Congress hosted
by Bilecik Seyh Edebali University on May 16-18, 2024.
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1. Introduction

With globalization after the 1980s, portfolio investments (Pl) and FDI have grown
worldwide. Pl and FDI used to take place from developed countries to other countries in order to
benefit from the production factors and underground resources of developing countries. In the
2000s, these investments started to be demanded intensively by developed countries as well.
Today, the phenomenon of liberalization has become widespread along with the liberal policies
that have made their impact felt all over the world. As countries adopt such policies more and
more, the barriers to capital mobility have started to disappear, and as a result, both foreign direct
capital movements and monetary capital movements have started to gain momentum.

While physical investments made by savers in another country in order to achieve higher
returns are referred to as FDI, investments in capital market instruments such as public or private
sector bonds and stocks are characterized as Pl (Mucuk, 2011: 11-12). In other words, it can be
defined as a multinational company shifting its production to a country outside its headquarters,
establishing another company with partners, acquiring an existing company, or increasing its
capital (Kurtaran, 2007: 367).

The shallow supply of financial funds in developing countries leads to high returns on
financial instruments. Therefore, there has been a significant flow of financial resources from
developed countries, where the supply of funds is abundant and therefore the returns on financial
instruments are low, to these countries. In this way, there has been a significant amount of
financial capital inflow to the capital and money markets of developing countries in the form of
portfolio and other investments. Pl are expected to provide financing opportunities for
investments and support financial development, while direct investments are expected to
positively affect economic growth through technology, capital and knowledge. However, this
effect is limited by the fact that Pl generally come in the form of short-term profits without turning
into investments in the form of production and FDI come in the form of mergers and acquisitions.
In addition, both forms of investment may not contribute to economic growth in countries that
have not reached a certain technological level, have not achieved financial development, and have
a weak institutional and legal framework (De Vita and Kyaw, 2009: 281; Gok and Giivercin,
2020: 59-60; Durham, 2004: 285).

As a developing country, Tiirkiye has implemented significant reforms in the capital
markets with the policies implemented since the early 1990s. As a result, especially in the recent
period, there has been a significant inflow of FDI and P1 to Tiirkiye. Therefore, our study aims to
analyze the relationship between FDI and Pl and interest rates. When the studies in the literature
are analyzed, it is observed that the studies mostly consist of studies that consider FDI and Pl
separately and include different macroeconomic independent variables. Our study differs from
the other studies in the literature in this respect as it examines the relationship between interest
rates by considering FDI and Pl as two dependent variables. Therefore, this study is expected to
contribute to the literature. In this framework, ARDL test, one of the cointegration tests, was
applied by using quarterly values between 2010 and 2023. Then, the Toda-Yamamoto test is used
to examine the causality relationship between the variables. In the second section of the study
after the introduction, the literature on FDI and Pl is reviewed. The third section provides
information on the data set, methodology, and econometric results obtained. In the conclusion
section, empirical findings are interpreted and a general evaluation of the study is made.
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2. Literature Review

When the studies in the literature on Pl and FDI are examined, it is seen that the studies
generally focus on the relationship with macroeconomic factors. It is observed that
macroeconomic factors such as inflation, exchange rate, economic growth, and CDS premiums
are used with Pl and FDI.

Clark and Berko (1996) conducted a correlation analysis for the Mexican stock market.
They found that a 1 percent increase in the amount of foreign portfolio investment increased
Mexican stock prices by 13 percent. A similar study was conducted by Lin and Swanson (2003)
for the Taiwanese economy. The behavior of foreign investors investing in 60 large companies
listed on the Taiwan Stock Exchange was investigated. Strong evidence was found that foreign
investors use a momentum strategy by buying stocks that have won in the past and selling stocks
that have lost in the past.

Pal (2006) investigated the impact on the Indian economy. He also stated that FPI affect
the stock market, which in turn has a significant impact on the real economy. He concluded that
the impact of FPI on the stock market and the real economy is not positive in his analyses.

Duasa and Kassim (2009) examined the relationship between Malaysia's economic
performance and PI using Toda and Yamamoto causality test. Quarterly data were used in the
study covering the years 1991-2006. As a result of the study, it was found that economic
performance is an important factor in attracting foreign investments to the country. It is
emphasized that foreign investors will feel secure if the economy has a healthy and sustainable
growth policy.

In another study, Acaravcr and Bostan (2011) investigated the effects of macroeconomic
variables on FDIs using the ARDL bounds test and Granger causality models for the period
1992Q1- 2007Q1. The results of the study show that there is a significant relationship between
FDI and selected macroeconomic variables such as economic growth in the long run. According
to the findings, an increase in GDP and domestic investments leads to an increase in FDI in the
long run, while an increase in FDI leads to an increase in economic growth in the short run.

In his study, Okafor (2012) focused on the impact of macroeconomic variables on capital
flows in Nigeria and conducted an analysis using the Ordinary Least Squares (OLS) method. The
findings show that real GDP, interest rate and real exchange rate are the main determinants of
FDI in Nigeria. The result shows that macroeconomic variables are critical for FDI inflow.
Therefore, policymakers should endeavour to improve the macroeconomic environment to
encourage the flow and benefits of FDI in Nigeria.

Wu et al. (2012), on the other hand, investigated the relationship between the governance
structure and environment of a country and FDI inflows into the country using correlation
analysis. As a result of the study, it was observed that countries based on the principle of rule-
based governance have a lower share of foreign direct investment than other countries, but their
stock markets are stronger than other countries because they have better public order.

The aim of Asaad (2014) is to analyse the effect of three macroeconomic variables
(inflation rate, interest rate and exchange rate) on FDI in Iraq by multiple regression method for
the period 2004-2011. The results of the study show that inflation and interest rate do not have a
significant effect on FDI in Irag, while exchange rate has a negative and significant effect.
Therefore, the Iragi government has focused on creating an effective monetary policy by fixing
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the exchange rate in order to attract more FDI in the process of economic development and
reconstruction.

Albulescu (2014) analyzed the impact of direct physical investment and portfolio
investment in the form of equity securities on 13 Eastern European countries using a panel data
set for the period 2005-2012. Econometric results show that both types of capital inflows have
made a significant contribution to economic growth in these countries. In this study, especially
equity investments within Pl are analyzed and it is pointed out that PI in the form of debt securities
create problems in economies due to the burden they create on external debt stock. Moreover, it
is emphasized that equity capital inflows are more important in the relationship between Pl and
growth.

Pala and Orgun (2015) analyzed the determinants of Pl in Tiirkiye and examined the effect
of national income on PI by regression analysis for the period between 1998 and 2012. Empirical
results reveal that the level of national income positively affects Pl in addition to the level of
interest rate and current account deficit. Thus, with the monetary and fiscal policies to be
implemented, it will be possible to increase Pl in Tiirkiye with the changes to be created in these
variables and especially on growth.

Giilmez (2015) investigated the effects of physical direct investments and Pl in Tiirkiye as
external financing sources on economic growth by using the ARDL bounds test and Toda-
Yamamoto causality test method using annual data for the period between 1986 and 2014. The
empirical results reveal that there is a causality relationship from both FDI and P1 to economic
growth. More specifically, it is calculated that a 1% increase in Pl leads to a 0.34% increase in
economic growth. Thus, it is determined that policies aimed at attracting foreign capital
investments to Tiirkiye will yield effective results in terms of economic growth.

Ciftei and Yildiz (2015), on the other hand, aimed to empirically analyze the factors that
may affect foreign direct investment flows to the Turkish economy within the framework of
relevant theoretical approaches using data for the period 1974-2012. They conclude that in the
long run, GDP, real exchange rate and financial development variables have a positive effect on
FDI, while trade deficit and foreign debt have negative effects.

Telatar (2016) analyzed the relationship between Pl in Tiirkiye and economic growth using
data from 1998 to 2016. The results of the nonlinear cointegration and error correction model
reveal that Pl in Tiirkiye make a positive contribution to economic growth. However, it is pointed
out that the economic growth process in Tiirkiye is vulnerable to internal and external shocks due
to the hot money nature of PI.

Zghidi et al. (2016) analyzed the relationship between growth, economic freedom, and FDI
for the period 1980-2013, covering the countries of Egypt, Morocco, Tunisia, and Algeria. A
positive relationship was found between the variables. In addition, economic freedoms were
found to be complementary to FDI.

Kazemi and Saini (2017) analyzed FDI and democracy variables in 87 countries. They used
panel data analysis in the study covering the period 1981-2010. As a result of the study, they
found that economic freedoms positively affect FDI. The findings of the analysis show that
democracy does not have a significant role in attracting FDI.
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A study conducted for the Chinese economy by Haider et al. (2017) aimed to determine the
impact of FPI on stock market performance and inflation. They found that Pl increase stock
market performance and have a positive impact on the stock market.

Sahin (2018) analyzed the relationship between FDI and economic growth in his study on
BRICS-T countries. In the study covering the period 1995-2014, he used bootstrap panel causality
analysis after horizontal cross-section dependence and heterogeneity tests. As a result of the study,
it is concluded that the causality from economic freedom to FDI is found only in Tiirkiye.

In his study, Anetor (2020) examined the relationship between FDI, financial development
and economic growth on 28 Sub-Saharan African countries. According to the results of the study
covering the years 1995-2017, FDIs have a significant and negative impact on economic growth.
On the other hand, he found that FDIs have a statistically insignificant effect on economic growth.

Shamim et al. (2021) used annual time series data for the years 1984-2015 in order to
determine the impact of Pl on stock market performance in Pakistan. Multiple econometric
techniques were used to examine the relationship between variables. In the study, Johansen
cointegration analysis was performed to verify the long-run relationship. The results of the study
show that PI has a positive impact on stock market capitalization. They also found that PI has a
significantly positive impact on stock market capitalization in Pakistan with a bidirectional causal
relationship.

Sahin et al. (2021) investigated the effect of macroeconomic variables on FDI in their study
covering the period 1980-2020 for the Turkish economy. Using cointegration and Granger
causality tests, they found that there is a bidirectional causality relationship between inflation and
FDI in the period. However, a unidirectional Granger causality relationship was found from
economic growth to FDI.

In their study, Karahan and Bayir (2022) focused on the financial factors affecting foreign
direct investment inflows to Tiirkiye. In their study covering the period 2008-2019, they
investigated the effect of exchange rate, interest rate and stock market index on FDI. Using the
ARDL bounds test, they did not find a statistically significant relationship between FDI and
interest rates. On the other hand, it is concluded that changes in the stock market index are the
most important factor affecting FDI inflows to Tiirkiye.

3. Data and Methodology

As a developing country, Tiirkiye has realized significant reforms in capital markets with
the policies implemented since the early 1990s. As a result, there has been a significant inflow of
foreign direct investment and portfolio investment in Tiirkiye, especially in the recent period.
Therefore, our study aims to analyze the relationship between FDI and PI and interest rates.

The data set used in the study covers the period 2010Q4-2023Q4. The data is obtained from
the .Central Bank of the Republic of Tiirkiye's Electronic Data Distribution System (EDDS).- Pl
and FDI data are normalized by taking their natural logarithms. Time series analysis is used to
examine the relationship between variables. ADF and PP unit root tests were applied to determine
the stationarity levels of the variables. Since the series became stationary at different levels, the
ARDL test, one of the cointegration tests, was applied. Afterwards, Toda-Yamamoto tests were
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utilized to determine whether there is causality between the variables and if there is a causality
relationship, to determine its directions.

3.1. ADF and PP Unit Root Tests

The Extended Dickey-Fuller unit root test is frequently used in research to determine
whether the series contains unit roots. This unit root test can be characterized as a different version
of the ADF unit root test based on the AR(1) process. However, in time series, st (error/residual
terms) loses its clean series property if there is a higher order correlation in the series. To solve
this problem, the ADF test utilizes the AR(p) process rather than the AR(1) process and includes
"p" lagged difference terms in the equation (Dickey and Fuller, 1979). Thus, ADF equations
without constant term and trend (none), with constant term (intercept) and with constant term and
trend (intercept&trend) respectively:

P 1)
Ay = 8yr-1 + Z 131’ Ay + &
i
P (2)
Ayr =p+6ye1 + Z 1.3i Ayr_i + &
i
3

14
Ay, =p+pt+6y,1 + 2 1&- Ay, i+ &
i

is expressed as follows. In equations 1, 2, and 3, p corresponds to the constant term, t to the trend,
p to the number of lags, and et to the error term series. For all three ADF equations, the null
hypothesis is formulated in the same way and states that the series contains a unit root. Therefore,
the null hypothesis states the existence of a non-stationary series (Gujarati, 2015: 328). The
hypotheses for the existence of a unit root for these models are as follows:

Ho: =0 (The series is non-stationary)
Hi: 6<0(¢1<1) (The series is stationary)

The ADF test is based on the basic assumptions that error terms are independent and
constant variance. Moreover, the DF test does not provide adequate results in series with structural
breaks. PP attempts to generalize the DF test by smoothing its assumptions about error terms
(Demir, 2015: 28). In this transformation, the nonparametric method was utilized (ince, 2015:

30).

As in the ADF test, the PP test is applied in three different ways: without constant, with
constant, and with constant and trend (Samut, 2016: 40).

Ay, =ay, 1 +xi6 + & (4)

is of the form. In equation 4, a= p -1, "xt " is the set of deterministic components (constant term
or constant term and trend), and "et " is the set of error (residual) terms. In the PP test, the main
and alternative hypotheses are formulated as "Ho: o = 0 and Hi: o < 0" and the main hypothesis
states that the series contains a unit root (Caglayan and Sagali, 2006: 125).

Ho: If 8 = 0, there is a unit root.

H;: If 6<0, there is no unit root.
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3.2. Cointegration and ARDL Bounds Test

Cointegration means that linear combinations of multiple non-stationary time series are
stationary and these series have an equilibrium relationship in the long run (Tari, 2014: 415).
Although there are different cointegration tests developed in the literature such as Engle and
Granger (1987), Johansen (1988) and Phillips-Ouliaris (1990), in order to apply these
cointegration tests, the series of all variables must be stationary in their first differences, i.e. I(1).
However, the ARDL bounds test approach eliminates this constraint and allows cointegration
analysis in all combinations where the variables are | (0) and 1 (1) (Pesaran et al., 2001: 289-290).
In other words, cointegration relationships between time series with different stationarity levels
can be realized with the ARDL bounds test approach. In addition, the dependent variable must be
I(1) in the ARDL bounds test approach..

The bounds test, which is based on the estimation of the unrestricted error correction model,
is applied in two stages: the first one is to establish the long-run relationship between the variables
and the second one is to determine the cointegration relationship between the variables. The
ARDL Border Test equation with two variables to be performed in order to reveal the
cointegration relationship is as follows:

m m
AY; = By + 2 B1i Ye—i + 2 B2iXt—i + B3iYe—1 + BaXi—1 + & (5)
i=1 i=1

In the equation; AY; is the dependent variable, Xt is the independent variable, ¢ is the error
term, m is the optimum lag length and m is the minimum value of the information criteria. The
hypotheses regarding the existence of cointegration in the ARDL bounds test model are as
follows:

Ho: B3 = B4 = 0 (There is no cointegration)
Hi: 38; < 0,1 = 3,4 (There is cointegration).

In the ARDL bounds test approach, the long-run relationship coefficients of the variables
are examined after the cointegration relationship for the variables is revealed. In addition, the
existence of short-run deviations from the long-run relationship can also be examined with the
help of the error correction model. The equation for the long-run relationship is as follows:

m n
Y= Bo+ ) BuiVei+ ) BaXeoi +2 ©)
i=1 i=0

In the equation, Yt is the dependent variable, Xt is the independent variable, B,; is the
constant term, &; is the error term, and n and m are the optimal lag lengths.

3.3. Toda-Yamamoto Causality Analysis

The Toda Yamamoto causality test is based on the VAR (VectorAutoregressive) model. In
the analysis, after determining the appropriate lag length of the VAR model (m) and the maximum
degree of stationarity of the series used (dmax), @ VAR model of size (m+dmay) is estimated. The
VAR (m+dmax) model estimated in the Toda-Yamamoto causality approach consists of the
following equations (Toda and Yamamoto, 1995).
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(8)

The appropriate lag length (m) can be determined with the help of information criteria and
the maximum degree of integration (dmax) Can be determined by unit root tests (Toda and

Yamamoto, 1995).

4. Findings of the Research

In this section of the study, the tests applied in order to reveal the relationship between the
variables and the results of the findings obtained are given.

4.1. ADF and PP Unit Root Test Results

Before proceeding to the causality analysis, it is necessary to check whether the series
contains unit roots, that is, whether they are stationary. For this purpose, ADF (Augmented
Dickey-Fuller) and PP (Phillips-Perron) tests were conducted. The purpose of these tests is to
prevent spurious regression. The results of ADF and PP unit root tests are presented in Table 1

and Table 2.

Table 1. ADF Unit Root Test Results

At Level
EUR logFDI logP TL USD

With Constant -1.8891 57383 0.6591 1.7207 -2.7953

0.3348 0.0000%** 0.9900 0.9996  0.0660*

. 24711 8.4290 -0.5940 07795  -2.7581

With Constant & Trend 0.3406 0.0000%** 0.9751 0.9607 0.2190

. -0.9528 -0.5484 1.8765 1.3675 -0.8749

Without Constant & Trend  »90g 0.4745 0.9844 0.9553 0.3322

At First Difference

d(EUR) d(logFDI) d(logP1) dTL) d(UsD)

With Constant 47152 29,0687 91114 22115 -45321
0.0003***  0.0000%**  0.0000%**  0.2048%**  0.0006%**

. -4.7220 -8.9825 -9.2075 25189 -45125
With Constant & Trend 0.0020%%*  0.0000%**  0.0000%** 03182  0.0037***

. 47358 -9.1410 -8.2957 20111 -45799
Without Constant & Trend ) hooawx 0. 0000***  0.0000%**  0.0434%*  0.0000%**

Notes: “(*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1%. and (no) Not

Significant.
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Table 2. PP Unit Root Test Results

At Level
EUR logFDI logPI TL USD

With Constant 13423 5.0515 0.8810 06322 -2.0894

0.6031 0.0000%%* 0.9945 0.9894 0.2497

. -1.9597 -8.4584 -1.0484 09624 21204

With Constant & Trend 0.6090 0.0000%** 0.9277 0.9403 0.5226

. -0.9765 -0.3196 1.8765 14156 -0.4588

Without Constant & Trend 5 5q¢ 0.5656 0.9844 0.9592 0.5116

At First Difference

d(EUR) d(logEDIy d(logPl) aTL) d(USD)

With Constant 24,3905 -33.3085 29.1202 44100 -4.2882
0.0009%**  00001***  0.0000%** 01438  0.0012%**

. 4.3669 43.4938 -9.2075 48018  -4.2456
With Constant & Trend ) hocess 0 0p01*** 0.0000%** 02034  0.0077***

4.4287 26.8680 81977 42065  -4.3447

Without Constant & Trend g nhqpaax — ( 0ppo** 0.0000%%*  0.0276%*  0.0000%**

Notes: “(*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1%. and (no) Not
Significant.

According to the results of the unit root test, it was concluded that some of the variables
included in the research contain unit root, that is, they are non-stationary. The variables were
transformed into stationary by taking the first differences of the non-stationary series.

4.2. ARDL Border Test Results

In time series analysis, whether the variables are related to each other in the long run is
investigated by cointegration tests. Normally, for these tests to be applied, the series should be
stationary. However, if non-stationary series form a stationary process when they come together,
a long-run relationship between variables can be determined.

Since the data used in this study are 3 months old, the maximum lag number is taken as 4.
After writing the maximum number of lags and determining the Schwarz Information Criterion
as the information criterion, it is determined that the most appropriate ARDL model is the
ARDL(1,3,4,1,4,4,3,3) model in the Eviews 9 program. Since this study uses two dependent
variables, namely Pl and FDI, firstly, the relationship between FDI and other independent
variables for the ARDL(1,3,4,1,4,3,3) model is given in Table 3.

Table 3. F Statistic and Critical Values for P1 Dependent Variable

. Significance Lower
Model K M F Statistic g Level Bound Upper Bound
1% 3.65 4.66
ARDL(1,3,4,1,4,3) 3 4 2.2542 5% 2.79 3.67
10% 2.37 3.40

Notes: M denotes the maximum number of lags, K denotes the number of explanatory variables and *
denotes 1% significance level. The critical values used for lower and upper bounds are taken from Table
CI(ii) in (Pesaran et al., 2001: 300).

Since the calculated F statistic is smaller than the critical values at the 5% significance
level, it is understood that the PI dependent variable and other independent variables are not long-
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run cointegrated in the relevant period. After determining the long-run cointegration relationship,
the long-run and short-run coefficients of the variables can be calculated. The long-run and short-
run coefficient estimates for the ARDL (1.3.4.1.4.4.3.3) model with a maximum of 4 lags and
Schwarz Information Criterion are presented in Table 4.

Table 4. ARDL Long and Short Run Coefficients of the Pl Dependent Variable
Long Run Coefficients

Variable Coefficient Std. Error t-Statistic Prob.
EUR -5.605722 27.156680 -0.020642 0.9836
TL -1.652342 80.603390 0.020500 0.9838
usD 2.045897 10.192096 0.020073 0.9841
Short Run Coefficients

D(LOGPI) -0.363122 0.138219 -2.627155 0.0123
D(EUR) -0.059375 0.041299 -1.437663 0.1587
D(TL) 0.003816 0.01964 1.943469 0.0594
D(USD) 0,009266 0.020820 0.445065 0.6588
CointEq(-1) 0,001917 0.000564 3.397394 0.0016
Descriptive Tests

“R-squared 0.313217 Mean dependent var 0.008227
Adjusted R-squared 0.132484 S.D. dependent var 0.027883
S.E. of regression 0.025971 Akaike info criterion -4.268952
Sum squared resid 0.025630 Schwarz criterion -3.844258
Log likelihood 115.5893 Hannan-Quinn criter. -4.107824
F-statistic 1.733040 Durbin-Watson stat” 2.027234
Prob(F-statistic) 0.108608

According to the short-term asymmetric relationship results in Table 4, changes in variables
do not have an asymmetric effect on the FDI index. The existence of a short-term asymmetric
relationship is evaluated according to the Wald test results. According to the results of the Wald
test, the F statistic value is (1.733040) and the p probability value is (0.108608). These results
prove that there is no short-run asymmetric relationship. As a result, there is no statistically
significant relationship between FDI and EUR, USD, and TL interest rates.

The F statistics and critical values obtained for the ARDL (1.1.4.2) model for the
relationship between FDI and other independent variables are given in Table 5.

Table 5. F Statistics and Critical Values for FDI Dependent Variable

- Significance Lower Upper

Model K M F Statistic Level Bound Bound
1% 3.65 4.66
ARDL(1.1.4.2) 3 4 16.79940 5% 2.79 3.67
10% 2.37 3.40

Notes: M denotes the maximum number of lags, K denotes the number of explanatory variables and *
denotes 1% significance level. The critical values used for lower and upper bounds are taken from Table
CI(ii) in (Pesaran et al., 2001, p. 300).

Since the calculated F statistic is greater than the critical values at the 1% significance level,
it is understood that the FDI dependent variable and other independent variables are cointegrated
in the relevant period. After determining the long-run cointegration relationship, the long-run and
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short-run coefficients of the variables can be calculated. The long-run and short-run coefficient
estimates for the ARDL(1.1.4.2) model with a maximum lag of 4 and the Schwarz Information
Criterion are presented in Table 6.

Table 6. ARDL Long and Short Run Coefficients of FDI Dependent Variable
Long Run Coefficients

Variable Coefficient Std. Error t-Statistic Prob.
EUR 0.173785 0.051170 3.396225 0.0016
TL -0.004773 0.007409 -0.644160 0.5234
usD -0.055626 0.038263 -1.453801 0.1544
Short Run Coefficients

D(EUR) 0.871455 0.232867 3.742289 0.0006
D(TL) 0.042661 0.012174 3.504136 0.0012
D(USD) 0,363154 0.123199 -2.247705 0.0055
CointEq(-1) -1.226479 0.127127 -9.647683 0.0000
Descriptive Tests

“R-squared 0.738388 Mean dependent var 0.006351
Adjusted R-squared 0.660611 S.D. dependent var 0.252360
S.E. of regression 0.147018 Akaike info criterion -0.787634
Sum squared resid 0.799725 Schwarz criterion -0.324331
Log likelihood 31.29703 Hannan-Quinn criter. -0.611858
F-statistic 9.493711 Durbin-Watson stat” 1.942115
Prob(F-statistic) 0.000000

According to the short-run asymmetric relationship results in Table 6, changes in the
variables have an asymmetric effect on the FDI dependent variable. The existence of a short-term
asymmetric relationship is evaluated according to the Wald test results. According to the results
of the Wald test, the F statistic value is (9.493711) and the p probability value is (0.000). These
results prove the existence of a short-run asymmetric relationship. When the short-run coefficients
are analyzed, it is determined that a 1% increase in EUR interest rates increases the FDI variable
by 0.87%, a 1% increase in TL interest rates by 0.042%, and a 1% increase in USD interest rates
by 0.36%.

When the short-term estimation results are analyzed, "Y1", which expresses the coefficient
of the error correction term, corresponds to "CointEg(-1)" in this table. This coefficient is
expected to be negative (-) and the probability value is expected to be less than 0.05. As can be
seen in Table 5, the coefficient of the error correction term is -1.226479 with a probability value
of 0.0000. The fact that the coefficient of the error correction term is negative and statistically
significant provides additional evidence that the model is cointegrated (Akg¢ay and Karasoy,
2017). A probability value less than 0.05 indicates that this coefficient is significant, while a
negative (-) coefficient means that an imbalance in the model will be corrected (Goksu, 2023:
232).

The CUSUM and CUSUMQ graphs in Figure 1 are used to examine the long-run parameter
stability. The graphs reveal that the long-run coefficients obtained from the long-run ARDL
model are stable.
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Figure 1. CUSUM and CUSUMQ Graphs

4.3. Todo-Yamamoto Causality Test Results

The traditional Granger (1969) Causality Test, which is used to determine the causality
relationship between the data, requires the series to be stationary. However, when non-stationary
series are differenced, information loss occurs. The test developed by Toda-Yamamoto (1995),
which is based on the VAR (Vector Autoregression) model, does not take into account whether
the series is stationary or not. Therefore, this test allows the model to be estimated using the level
values of the series (Toda-Yamamoto, 1995: 225- 250).

While determining the causality between the series, the lag length (k) of the series is found
according to the "Schwarz (SC) criterion" and the maximum degree of integration (dmax) is found
according to the ADF unit root test. Then, the "Wald Statistic" was applied to the (k) lagged values
of this model and it was mutually determined whether there was a causality relationship between
the two dependent variables and the independent variables. Table 7 and Table 8 show the results
of the Toda-Yamamoto Causality test.

Table 7. Toda-Yamamoto Causality Test Results-1
Dependent Independent d K Chi-Square Test Chi-Square Relationship and
max

Variable Variable Statistics P - Value Direction
TL 2 2 3.102.633 0.2120 No relationship
Pl EUR 2 2 0.000144 0.9904 No relationship
usD 2 2 0.083866 0.9580 No relationship

Note: Statistically significant at the 5% level. The optimal lag length is determined according to the
Schwarz (SC) criterion.

Table 7 and Table 8 present the results of the Toda-Yamamoto causality tests. Accordingly,
it is seen that the Ho hypothesis is accepted and the H; hypothesis is rejected in the hypotheses
established between PM and TL, EUR, and USD variables at a 5% significance level. In other
words, it is concluded that there is no Granger causality relationship between PM and TL, EUR,
and USD interest rates as of the analyzed periods.
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Table 8. Toda-Yamamoto Causality Test Results-2
Dependent  Independent Chi-Square Test ~ Chi-Square  Relationship

Variable Variable Omax K Statistics P-Value and Direction
TL 2 2 1.738.369 0.4193 No relationship
EUR Pl 2 2 0.040972 0.8396 No relationship
uUsD 2 2 0.872046 0.6466 No relationship

Note: Statistically significant at the 5% level. The optimal lag length is determined according to the
Schwarz (SC) criterion.

According to the results of the Toda-Yamamoto causality tests in Table 9 and Table 10, it
is seen that the Ho hypothesis is rejected and the Hi hypothesis is accepted in the hypotheses
established between FDI and TL and EUR interest rates at a 5% significance level. In other words,
it is concluded that there is a Granger causality relationship between FDI and TL and EUR interest
rates as of the analyzed periods. On the other hand, no causality relationship was found between
FDI and USD interest rates.

Table 9. Toda-Yamamoto Causality Test Results-3
Dependent Independent Chi-Square  Chi-Square Relationship and

Variable Variable dmx K Test Statistics P - Value Direction
TL 7 7 1.425.539 0.0468 TL == DI
FDI EUR 2 2 4,979.253 0.0257 EUR === FD|
usb 2 2 0.538691 0.1704 No relationship

Note: Statistically significant at the 5% level. The optimal lag length is determined according to the
Schwarz (SC) criterion.

Table 10. Toda-Yamamoto Causality Test Results-4
Dependent  Independent Chi-Square  Chi-Square Relationship and

Variable Variable Amax K Test Statistics P - Value Direction
TL 7 7 1.052.293 0.1608 No relationship
EUR FDI 2 2 0.096481 0.7561 No relationship
UsD 2 2 0.063162 0.9689 No relationship

Note: Statistically significant at the 5% level. The optimal lag length is determined according to the
Schwarz (SC) criterion.

5. Conclusion and Recommendations

The global increase in portfolio and foreign direct investment flows has created an
important opportunity for developing countries, which have problems in capital accumulation, to
achieve sustainable high growth rates. In this framework, determining the factors affecting foreign
investment inflows to developing countries has gained great importance for policymakers to
design effective policies. Research in the literature has identified many factors affecting foreign
investment inflows in developing countries. Especially in the recent period, due to the increase in
the volume of transactions in financial markets, the relationship between financial indicators and
portfolio and FDI in developing countries has gained much more importance. In this context,
many studies have been conducted in the literature to investigate the impact of changes in global
interest rates, stock prices, and exchange rates on foreign direct investment.

As a developing country, Tiirkiye has implemented significant reforms in the capital
markets with the policies implemented since the early 1990s. As a result, there has been a
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significant inflow of foreign direct investment and portfolio investment in Tiirkiye, especially in
the recent period. Therefore, our study aims to analyze the relationship between FDI and Pl and
interest rates. Time series analyses were used to examine the relationship between the variables.
ADF and PP unit root tests were applied to determine the stationarity levels of the variables. Since
the series became stationary at different levels, the ARDL test, one of the cointegration tests, was
applied. Afterwards, Toda-Yamamoto tests were utilized to determine whether there is causality
between the variables and if there is a causality relationship, to determine its directions. According
to the ARDL bound test results, it is concluded that there is no short-term asymmetric relationship
between PI and other independent variables. In other words, there is no statistically significant
relationship between Pl and EUR, USD and TL interest rates. On the other hand, since the
calculated F statistic is greater than the critical values at a 1% significance level, it is concluded
that the FDI dependent variable and other independent variables are cointegrated in the long run
in the relevant period.

According to the results of the Toda-Yamamoto causality tests, it is concluded that there is
no Granger causality relationship between FDI and TL, EUR, and USD interest rates in the
analyzed periods. According to the results of the Toda-Yamamoto causality test where FDI is the
dependent variable and TL, EUR, and USD are the independent variables, it is concluded that
there is a Granger causality relationship between FDI and TL and EUR interest rates at 5%
significance level. On the other hand, no causality relationship was found between FDI and USD
interest rates.

As a result of the study, no statistical relationship was found between PI and interest rates.
The reason for the lack of a relationship, despite the expected relationship, can be attributed to
the fact that one of the main indicators of portfolio investment inflows is affected by political and
economic developments in the country. Looking at the last decade of the Turkish economy, it is
thought that the Gezi Park events in 2013, the coup attempt in 2016, the Rahip Brunson crisis
with the United States in 2018, and the COVID-19 pandemic crisis that affected the whole world
in early 2020 negatively affected portfolio investment inflows.

One of the most important obstacles to economic growth is the lack of capital. Therefore,
developing countries make arrangements to encourage portfolio investment and FDI movements
in order to maximize the welfare of the country by making use of advanced technological
investments for growth and development. In this direction, it is necessary to follow policies to
create a favorable environment for increasing foreign capital investments, to ensure domestic
economic and political stability, to realize incentive regulations, to encourage foreign investments
by establishing facilitating structures for foreign investors and to increase the benefits to be
obtained. In future studies, this study can be extended by using different macroeconomic factors
and comparing different countries.
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Abstract

Central banks direct banks' rates by increasing or decreasing policy rates
through the interest rate channel. The effectiveness of this channel is related
to the interest rate pass-through. The pass-through of interest rates indicates
the impact of changes in policy rates on the retail rates of banks. Pass-through
is not only a prerequisite for the monetary transmission mechanism but also is
the first stage of it. A complete and quick pass-through increases the
effectiveness of the interest rate channel. This paper focuses on the monetary
policy approach and uses the ARDL and NARDL models to analyze the
relationship between the policy rate and the lending rate in order to test the
interest rate pass-through for Tiirkiye. To enable a comparison of the degree
of pass-through and the speed of adjustment, this paper focuses on two time
periods: 2011:01-2016:12 and 2017:01-2023:10. The findings of the paper
indicate that there are three shreds of evidence for the interest rate pass-through
in Tirkiye. It is symmetric for both periods. The level of pass-through in the
initial period exceeds that of the subsequent period. The rate of adjustment in
the second period is faster than in the first one.

Oz

Merkez bankalari, faiz kanali yoluyla politika faizlerini artirarak veya
azaltarak bankalarin faiz oranlarin1 yonlendirmektedir. Faiz kanalinin
etkinligi, faiz geciskenligine bagli bulunmaktadir. Banka faiz oranlarinin
politika faiz oranlarindaki degisikliklere verdigi tepkiyi gosteren faiz
geciskenligi, parasal aktarim mekanizmasiin sadece dnkosulunu degil, ayni
zamanda ilk asamasini olusturmaktadir. Gegiskenligin tam ve hizli olmasi ise
faiz kanalinin etkinligini artirmaktadir. Tirkiye'de faiz ge¢iskenligini, para
politikasi yaklasimi ¢ercevesinde test eden bu ¢aligma, ARDL ve NARDL
modellerini kullanarak politika faiz orani ile kredi faiz oran1 arasindaki iliskiye
odaklanmaktadir. Caligma, faiz geciskenliginin derecesini ve ayarlanma hizini
karsilagtirabilmek i¢in iki dénemi (2011:01-2016:12 ve 2017:01-2023:10)
esas almaktadir. Caligmanin sonuglari, ii¢ kanitt ortaya koymaktadir.
Tirkiye'de faiz gegiskenligi her iki donem igin de simetriktir. Birinci
donemdeki geciskenlik derecesi ikinci doneme gore daha yiiksektir.
Gegiskenligin ayarlama hizi, ikinci donemde, birinci doneme gore daha
hizhdir.
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1. Introduction

The monetary policy transmission mechanism is the process by which monetary policy
decisions affect the economy and the price level through various channels. The interest rate
channel, also known as the traditional Keynesian interest rate channel, is one of the channels of
the transmission mechanism. As the central bank has the power to issue money, it also has the
authority to set short-term nominal interest rates, such as policy rates. The change in the short-
run nominal policy rates affects the long-run real money market rate and long-run real banks' rates
(lending and deposit rates). The savings and investment decisions of firms and households are
impacted by changes in deposit and lending rates. For instance, borrowing money for investment
and consumption becomes more attractive when lending rates are lower. The amount of
investment and consumption influences the aggregate demand and total output. When everything
else is equal, increased investment and consumption lead to an increase in demand and output
(CBRT, 2013: 5; ECB, 2024). Two stages exist in the interest rate channel: the pass-through from
short-run nominal rates to long-run real rates, followed by the transmission of real rates to
aggregate demand and production (Egert and MacDonald, 2008: 8).

Interest rate pass-through is the process by which the policy rate affects the other rates. It
shows the speed and degree of the effect of policy rates on market rates and retail bank rates (Tai
etal., 2012: 164). Interest rate pass-through is delineated through three distinct approaches within
the existing literature: the "Monetary Policy Approach,” the "Cost of Funds Approach,” and the
"Unifying Approach."(see Figure 1.).

FIRST
STAGE

Monetary Policy Rate Long Term Market Rates

@)

——

: Monetary Policy
' Approach
1
\

SECOND
STAGE
‘. ;
! | Cost of Funds 1
i | Approach '
1

~ = ———

I

! o Bank Retail Rates
I . Unifying Approach (Lending & Deposit
' (First Stage & Second Stage) . Rates) (i®)

1

e e e e e e e e e

Figure 1. The Approaches Explaining Interest Rate Pass-Through
Source: Egert and MacDonald (2008).

The Monetary Policy Approach (iM? — iB) deals with the effect of monetary policy on
bank’s rates and does not include any other explanatory variables. This approach focuses only on
the pass-through from the policy rates to the bank’s retail rates (Samba and Yan, 2010: 32). It is
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possible to look directly at the pass-through between policy rates and the bank's rates under the
assumption of a stable yield curve. This assumption allows us to test the pass-through by taking
a shortcut (Crespo-Cuaresma et al., 2006: 91).

The Cost of Funds Approach (i — i®) comprises the second stage of the pass-through
(Doojav and Kalirajan, 2016: 277). This approach is supported by the marginal cost pricing model
developed by Rousseas (1985) and De Bondt (2005). The Cost of Funds Approach focuses on the
decision of setting prices of the banks while revealing the impact of changes in market rates on
deposit and lending rates. The cost of funds refers to two meanings for the banks in terms of
deposits and loans. While the cost of funds indicates the financing costs for deposits, it indicates
the opportunity costs for loans (Samba and Yan, 2010: 32). Short-run money market rates may
directly affect long-run market rates according to this approach (Doojav and Kalirajan, 2016:
277).

The Unifying Approach [(iMP — iM) & (i™ — i8)] includes two stages. While the policy
rate is transmitted to market rates in the first stage, there is a pass-through from market rates to
bank's retail rates in the second stage as may be seen in Figure 1 (Egert and MacDonald, 2008:
10).

The speed and degree of pass-through may be influenced by many factors sorted as follows:
macroeconomic conditions, monetary policy operations and the structure of the financial system.

Macroeconomic Conditions: Rapid economic growth has a positive impact on pass-
through, however economic contraction has a negative impact. An increase in uncertainty in the
economy negatively affects expectations and thus slows down the pass-through. High levels of
public debt affect the pass-through negatively (Cavusoglu, 2010: 31-32).

Monetary Policy Operations: Expected and unexpected changes in the policy rates may
affect the pass-through variously. Banks are adept at adapting to anticipated changes, but they are
less agile when it comes to unforeseen changes. The speed and degree of pass-through also vary
depending on whether the change of policy rate is permanent or temporary. Banks just want to
adapt to permanent changes due to the adjustment costs (Bredin et al., 2002: 225-226).

Structure of the Financial System: The pass-through may be affected by various factors
within the framework of the structure of the financial system, such as competition/concentration,
asymmetric information, and adjustment costs. If competition is low in the banking market, banks
may trade with high-profit margins and may adapt slowly and incompletely to changes in policy
rates. The competition among banks is measured by the concentration. If the concentration of
the banking market is high, competition among the banks decreases, and thus interest rate pass-
through weakens, slows down, and becomes asymmetric (Egert and MacDonald, 2008: 10).
Asymmetric information affects the pass-through negatively because the expansion of the cost of
asymmetric information increases the funding costs for banks. Banks transmit this increase to
their customers by increasing the lending rates. An increase in lending rates may lead to two
problems: Adverse Selection and Moral Hazard. If banks increase the lending rates, they may
have to choose high-risk and dishonest customers (Adverse Selection) or investors may invest in
risky projects (Moral Hazard). Since these problems may increase the credit risk of banks, the
expected return of banks may decrease. In this situation, banks adjust lending rates below market
rates and ration loan supply.However, credit rationing causes upward rigidity for lending rates.
On the other hand, if banks do not ration the supply of credit, upward rigidity may not be valid
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for lending rates. It can be assumed that banks lend to two classes of borrowers: riskless borrowers
and risky borrowers. Adverse selection and moral hazard cause an increase in lending rates for
risky borrowers. In such a situation, transmission from policy rate to lending rates is complete for
the riskless borrowers. However, for risky loans, banks need to increase the lending rates by a
rate higher than the increase of policy rate to compensate for the probability of default (De Bondt,
2002: 8-10). If policy interest rates change too often, banks do not want to change interest rates
often due to adjustment costs. In such economic conditions, banks prefer to change other elements
of lending or deposit agreements instead of changing interest rates (Cavusoglu, 2010: 31-46).

In short, such conditions as follows support fast and symmetric pass-through: complete and
symmetric information, high competition, suitable macroeconomic conditions, expected and
permanent changes in the policy rates. If these conditions do not exist in the banking market and
the economy as a whole, the policy rate may not adjust to the banks' rates in the same direction
and at the same level. In such a situation defined as asymmetric pass-through, the bank's rates
may be sticky for upward or downward changes in the policy rate (Uslu and Karahan, 2016: 672).
The level of pass-through is so important for the success of monetary policies. An incomplete,
asymmetric and slow pass-through may cause a failure of monetary policy and may affect
negatively the decisions of economic units about investment, savings, and consumption. On the
other hand, if the long-run pass-through is high, fast, and complete, the interest rate channel is
effective. A fast, symmetrical and complete pass-through creates an efficient, and well-
functioning financial system (Tai et al., 2012: 163-164).

The Central Bank of the Republic of Tiirkiye (CBRT) had implemented a monetary policy
that included a single target (price stability) and a single instrument (short-run rates) until 2010.
As the 2008 Global Crisis made it clear that financial stability should not be ignored, the CBRT
turned to unconventional monetary policies. The CBRT adopted multiple targets, such as keeping
credit volume at reasonable levels and preventing exchange rate volatility (financial stability), in
addition to price stability (CBRT, 2024). Since short-run interest rates were not sufficient to
achieve these targets, the CBRT started to use additional instruments such as the interest rate
corridor, reserve requirements, liquidity management, reserve option mechanism, and the 1-week
repo rate to diversify its instruments. For managing liquidity, the CBRT used the 1-week repo
rate and the overnight lending rate, which is the upper band of the interest rate corridor, to fund
the market. The using of these rates led to the emergence of a new concept known as the weighted
average funding cost. The weighted average funding cost represents monetary policy and is
expected to play an effective role in the monetary transmission mechanism (Buberkoku and
Kizilder, 2019: 219-220).

Based on this, interest rate pass-through is an important research topic in terms of
demonstrating the success or failure of monetary policy. The present study tests the pass-through
in Tiirkiye within the framework of the Monetary Policy Approach by using Autoregressive
Distributed Lag (ARDL) and Nonlinear ARDL (NARDL) models for two periods (2011:01-
2016:12 and 2017:01-2023:10). Testing two periods and comparing the results of these periods
with ARDL and NARDL models make this study different from other studies that analyze
Tiirkiye. The weighted average funding cost is preferred as an independent variable. It is also
preferable to use the commercial loan interest rate as a dependent variable since bank loans are
crucial for both price stability and financial stability. This study tries to find answers to two
questions: 1. Is there a one-to-one pass-through for Tiirkiye? If there is not, what can be said about
the degree and speed of it? Is it complete or incomplete? Is it fast or slow? Is the pass-through
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symmetric or asymmetric? 2. What are the differences/similarities between the empirical results
of the first period and the second period? The study consists of three parts following the
introduction section each aimed at answering specific questions. The second section provides the
literature review while the third section introduces the model, dataset and methodology. Empirical
findings are presented in the fourth section. The conclusion includes policy recommendations for
complete and efficient pass-through.

2. Literature Review

The studies test interest rate pass-through are divided into three groups. The studies in the
first group perform the analysis with a monetary policy approach, while those in the second group
are based on the cost of fund approach. The studies in the last group are tested with the unifying
approach. Although the pass-through between the policy rate and money market rate is mostly
complete or close to complete according to the results of the studies, the pass-through from the
policy rate/the money market rate to the bank's retail rates is usually incomplete. Empirical studies
often test a single country, but it is also common to analyze multiple countries. The interest rate
pass-through is an important topic for Tiirkiye as well as for all other countries. Just two of the
studies evaluating Tiirkiye apply the ARDL model. Both studies are based on a single period. No
study applying the NARDL model has tested Tiirkiye. The ARDL and NARDL models are
applied in this study to examine the interest rate pass-through over two periods to see if there are
any differences. This study differs from other research on Tiirkiye due to this circumstance. Table
1 provides a review of the empirical literature.

Table 1. Related Studies

Author Country  Period Variables Method Result
Money Market
Rate (MMR), Johansen Pass-through from MMR
. . Lending Rate Cointegration to LR is not complete.
Bredin et al. Ireland 1980j01' (LR)(Mortgage, Test, Error The highest speed of
(2002) 2001:03 c : . . :
onsumer, Correction adjustment is valid for
Firm), Prime Model (ECM) prime rates.
Rate
MMR Pass-through within one
Gover’nmen t Vector _ month fror_n MMR to
De Bondt Euro Area 1996:01- Bond Yield Autoregressive  LR/DR is incomplete.
(2002) 2001:05 . (VAR), Impulse  Pass-through of LR is
(GBY), Deposit Response, ECM  almost complete for the
Rate (DR), LR ’ |
ong run.
Sander and O/N MMR, VAR, Threshold N
Kleimeier Euro Area ;ggg% Interbank Rate,  Autoregressive fhaessr;]tgr:gtua%g Ipsorl]iIg; r?tg
(2003) ' GBY,LR,DR (TAR) '
Czech Although the pass-throug_h
Crespo- Republic,  1994:01- Interbank is complete for Poland, it
Cuaresma et Hungary, 2002j12 MMR, GBY, ARDL is incomplete for the
al. (2004) Poland ' ' LR, DR Czech Republic and

Hungary.
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1997:01- Pass-through from MMR to corporate rate is complete and
Horvath et al. Hungar 2004:04 MMR, LR (Hausehold and ECM, TAR, Panel uick. The adjustment of DR and household rates is incomplete
(2004) 9ary  2001:05- Corporate) DR Regression gn d sllu ish ! P
2004:04 garsn.
Granger Causality
Reno & Reverse Repo Rates ;?tr'eilsrig%lse :Elnnelir Pass-through from PR to call MMR is almost complete. Pass-
Amarasekara Sri Lanka 1996:06- 0 Fe)zn Market O era?ion (OI\/iO) Grgn or (Eé) angd through from call MMR to LR and DR is sluggish and
(2005) 2004:12 P P g incomplete except for the prime rates. Commercial bank'’s rates
Rates, Call MMR, LR, DR Johansen .
. . adapt symmetrically.
Cointegration Tests,
ECM
EG and Johansen
R . Cointegration Test,
Humala (2005)  Argentina 1993j06 MMR, LR (Overdrafts, Bills, VAR/VECM, There is a high stickiness for high-risk loans.
2000:12 Personal Loans) S
Markov Switching
(MS) VAR/VECM
Euro Area
Kwapil and and 1995:01- MMR, LR (Hausehold, ARDL Pass-through is less complete in the Euro Area than in the U.S.
Scharler (2006)  United 2003:09 Mortgage, Business), DR for DR and LR.
States
PR, LR (Corparate, Consumer Pedroni . .
Serensen and 1999:01- ’ ’ ' - . Pass-through is the highest for mortgages and lowest for current
Werner (2006) Euro Area 2004-06 Mortgage),_DR (Current Cointegration Test, account deposits.
Account, Time) ECM
. 2001:06- MMR, LR (Vehicle, Corporate We_sterlun(_i Pass-through of household loans is higher compared to
Aydin (2007) Tiirkiye : ' ' ' Cointegration Test,
2005:09 Consumer, Mortgages) corporate loans.
Hausman Test
01 MMR, LR (Household, VAR, Johansen Although pass-through from MMR to time DR, corporate rates
é%rcl)SB)orstel gﬁ:g]zrlgé 388383 Overdraft, Consumer, Hausing,  Cointegration Test,  and housing rates is fast, it is sluggish for the consumer rate
' Corparate), DR (Time, Savings) VECM and saving DR.
EG and Johansen
Maskay and 1990:Q1- . - - . . .
Pandiit (2010) Nepal 2009:Q4 PR, DR, LR, Saving Rate CE:gll\rzcegratlon Tests, PR is ineffective for the retail rates.
Cavusoalu 2002:01- PR, LR (Vehicle, Commercial, Although the degree of pass-through is high for LR, the speed
(2010) g Tiirkiye 2009:12 Consumer, SME, Mortgages), VAR, ECM of adjustment is high for DR. Pass-through of consumer loans

DR

is higher and faster compared to commercial loans.
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European
Belke et al. Monetary 2003:01- ARDL, Johansen .
(2012) Union12 2011:09 MMR/LR Cointegration Test Pass-through is incomplete.
Countries
. 7. Pass-through from PR to MMR is swift. Pass-through from
Z%T;)and Khan Pakistan 582182 PR, MMR, DR, LR ARDL MMR to DR is sluggish and incomplete. LRs are more
' sensitive to changes in MMR compared to the DR.
6 Asian 1988:01- Generalized Least
Tai et al. (2012) . : MMR, DR, LR Square (GLS), Ordinary Pass-through from MMR to DR/LR is slow and sluggish.
Countries 1997:06
Least Squares (OLS)
VAR, Variance
Sahin et al. .y 2002:01- PR, LR (Vehicle, Commercial, Decomposition, i .
(2013) Tiirkiye 2012:08  Consumer, Mortgages) Impulse Response, Pass-through from PR to LR is incomplete.
Granger Causality Test
Yuksel and . .
) o 2001:12- PR, LR (Cash, Vehicle, Housing, = TAR, Momentum TAR i . . -
l(\gggg)Ozcan Tiirkiye 2011:04  Commercial) (MTAR) Pass-through is symmetric, complete and significant.
Pass-through of the DR is higher than LR. Adjustment of
Doojav and . 2002:12- DR is slower compared to LR. Although the pass-through
Kalirajan (2016) Mongolia 2015:09 MMR, LR, DR ARDL, NARDL is negatively asymmetric for LR, it is positively asymmetric
for DR.
Uslu and 2002:01- BIST_ Interbank O/N Rate, LR _ _ _ _
Karahan (2016) Tirkiye 201412 &/gﬂgﬁ:gégommerual, Consumer, ARDL, Kalman Filter ~ The highest pass-through is valid for consumer loans.
Grigoli and Dominica 2006:06- PR, DR, LR (Commercial, Pass-through of LR is faster compared to DR. Adjustments
. ARDL, TAR, MTAR .
Mota (2017) . 2015:06  Mortgage, Consumer) of short-run rates are asymmetric.
Republic
) . . Toda Yamamota and
Ugur and Tiirkiye 2002:01' PR, LR (Vehicle, Commercial, Frequency Domain There is a causality from PR to LRs except for vehicle rate.
Bingol (2018) 2016:12  Consumer, Mortgages) :
Causality Tests
The CBRT Average Funding Cost
Buberkoku and Tiirkive 2011:01- (AFC), BIST Interbank O/N Rate, Gregory-Hansen CBRT AFC is more influential than BIST Interbank O/N
Kizilder (2019) Uty 2017:09 DR, LR (Vehicle, Commercial, Cointegration Tests Rate on LR and DR.

Consumer, Mortgages),
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The CBRT AFC, O/N Simple

EG and Johansen

Pass-through of DR is higher compared to LR. There is a

. o 2002:01- Rate, LR (Personal, Vehicle, Cointegration Test, . . ; L
Sahin (2019) Tiirkiye 2018:04  Commercial, Consumer, Housing), VECM, Nonlinear \5/);??:&?;20 relationship and correct transmission for all
DR VECM '
. Gregory-Hansen and
.l 2011:01- BIST Interbank O/N Rate, LR . - .
Bulut (2020) Tiirkiye 2019:06  (Consumer, Commercial) Egtr;g Cointegration Pass-through is almost complete.
i CBRT O/N Lending, One Week .
Guler (2021)  Tirkiye sainqy  Repo Rates, CBRT AFC and BIST GMM LR and DR are More sensitive to CBRT AFC and BIST
' Interbank O/N Rate, LR, DR
2011:01
Salihoglu and Tiirkive 01- CBRT AFC, BIST Interbank O/N  Residual Augmented The Pass-through from BIST Interbank O/N rate to LR and
Hepsag (2021) y 2021:22  Rate, LR, DR Least Squares (RALS) DR is higher than the pass-through of CBRT AFC.
01
2020- BIST O/N Repo Rate, LR
Ozsoy Calis et s 2021 . P .y . There is a causality relationship only between the BIST
Tirkiye (Vehicle, Commercial, Consumer, Granger Causality Test .
al. (2022) weekly O/N Repo rate and vehicle loans.
Mortgages)
data
32_12:06 The CBRT AFC, LR (Vehicle, VAR, Variance
Gunes (2022) Tirkiye 202228 Commercial, Consumer, Decomposition, Pass-through of DR is higher compared to LR.
01 ' Mortgages), DR Impulse Response
Jorayev and e 2010:05- . .
Yildiz (2022) Tirkiye 2021:03 PR, LR (Commercial), DR ARDL LR and DR adapt to changes in the PR slowly.
Ojaghlou and ) . . .
Kava Soztanaci  Tiirkive 2002:01- CBRT Discount Rate, LR, DR, Bavesian VAR Pass-through between the CBRT discount rate and LR is
(203;2) Y¢  2021:03 MMR, Treasury Bill Rate, GBY Y complete.
o . Although short run pass-through from PR to MMR is
Oyadeyi (2022) Nigeria ggggg PR, MMR, DR, LR I'\E/Ig.?.n Adjustment Lag, incomplete, the long run process over-shoots. Pass-through
' from MMR to LR and DR is weak and incomplete.
Herlambang et Indonesia 1990:03- MMR, LR NARDL There is an upward rigidity in the overall period
al. (2023) 2017:02 ' P gidity period.
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3. Dataset, Model and Methodology

This study analyzes the interest rate pass-through for Tiirkiye with a monthly dataset and
two periods (2011:01-2016:12 and 2017:01-2023:10). The analysis started with 2011:01 because
the dataset of the independent variable was accessible by this year and month. The analysis was
based on two periods to understand the pass-through better because the policy rate was relatively
stable in the first period of the analysis, while fluctuation increased in the second period (see
Figure 2). This situation may differentiate the degree and speed of pass-through. Therefore, it is
useful to test these periods separately to prove the difference. Additionally, comparing two
periods allows for an analysis of their symmetry/asymmetry, degree, and speed.
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Figure 2. The Weighted Average Funding Cost of the CBRT

Since the policy rate may affect both the money market rate and bank's retail rate, this study
prefers to look at the pass-through using a shortcut. Thus, the study focuses on the Monetary
Policy Approach. This study represents the policy rate using the weighted average funding cost
(WACF) of the CBRT as an independent variable similar to Buberkoku and Kizilder (2019), Sahin
(2019), Guler (2021), Salihoglu and Hepsag (2021), and Gunes (2022). This study also adds the
weighted average interest rate of banks' commercial loans (IRCL) as a dependent variable to
represent the lending rate, or bank retail rate, similar to other studies such as Cavusoglu (2010),
Sahin et al. (2013), Yuksel and Metin Ozcan (2013), Uslu and Karahan (2016), Grigoli and Mota
(2017), Ugur and Bingol (2018), Buberkoku and Kizilder (2019), Sahin (2019), Bulut (2020),
Ozsoy Calis et al. (2022), Gunes (2022), Jorayev and Yildiz (2022). The CBRT Electronic Data
Delivery System is the source of the dataset (CBRT, 2023).

Equation (1) shows the model that tests the interest rate pass-through of Tiirkiye. The
degree of the pass-through is indicated by ;. The Monetary Policy Approach states that 3,
should theoretically have a positive sign.

IRCLt = BO + 81WACFt + St (1)

(B1 = 1) — There is a complete, strong and symmetrical pass-through. The condition of
commercial loan market is competitive.
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(B1 < 1) — There is an incomplete and weak pass-through. The condition of commercial
loan market is hon-competitive. Weak competition may indicate that banks have some degree of
market power. The other factor that can explain the incomplete pass-through is asymmetric
information. If banks ration the amount of credit supply due to the asymmetric information, 8,
may take on a value less than 1. There are many factors that may cause incomplete pass-through
except market power and asymmetric information. These factors are given as follows: economic
contraction, an increase in uncertainty, a high level of public debt, temporary and unexpected
changes in policy interest rates, and adjustment costs.

(B1 > 1) — If banks do not ration the supply of credit against asymmetric information
problems and they prefer to increase lending rates, f; may take on the value higher than 1 (De
Bondt, 2002: 8-10; Bulut, 2020: 20; Salihoglu and Hepsag, 2021: 46).

This study analyses the interest rate pass-through by applying ARDL and NARDL models.
The ARDL model developed by Pesaran et al. (2001) has a better performance in testing for
cointegration in small samples. Time series do not need to be cointegrated in the same order,
unlike other traditional cointegration tests. In other words, the ARDL model makes it possible to
test for cointegration with 1(0) and 1(1) variables. However, any variable should not definitely be
1(2) (Doojav and Kalirajan, 2016: 277).

Firstly, cointegration between the variables is tested with the ARDL Bound Test and
Equation 2 is estimated.
p p
AIRCL=0y+0,IRCL, | + 8, WACF, | + 2 B1 AIRCLt_iJrZ Y1 AWACF, ;+¢, )
i=1 i=0
It is necessary to determine the suitable lag length using Information Criterion such as

Akaike (AIC), Schwarz (SC) or Hannan-Quinn (HQ) based on the VAR model for the estimation.
ARDL model in Equation 3 is used for the estimation of long-run coefficients.

p q
IRCL, = B, + 2 ©, IRCLy. +2 v1 WACF i+ v, 3)
i=1 i=0

Error Correct Model (ECM) based on the ARDL is presented in Equation 4, and it is used
to test short-run effects. EC,_; refers to adaptation for long-run. The coefficient of EC,_,is expected

to be statistically significant and negative.

p q
AIRCL= By + Z @ AIRCL,+ Z V1 AWACF,_+p(EC,, )+& (4)
i=1 i=0

The NARDL model developed by Shin et al. (2013) has the same advantage as the ARDL
model in capturing any cointegrating relation (Herlambang et al., 2023: 5). The NARDL model
also allows to determine the nonlinear cointegration, linear cointegration or absence of
cointegration (Doojav and Kalirajan, 2016: 277). Asymmetric cointegrating regression in
Equation 5 is used for testing pass-through.

IRCL, = B*WACF{ + B~"WACF [ + u, (5)

B* and B~ represent long-run parameters. The partial sum processes of positive and
negative changes in the WACF are separated as shown in Equation 6 and Equations 7.
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t t

IRCL} = z IRCL! = Z max(IRCL; 0) (6)
=1 =1
t t

IRCL; = z IRCL; = Z max(IRCL; 0) ©)
=1 =1

Equation 5 is indicated in the asymmetric EC form in Equation 8.

p-1
IRCL, = o + pIRCL,_; + 0*WACF{ ; + 6"WACF, + E ¥ IRCL,_;
j=1

a-1 (8)
+ Z(cp;‘ WACF{Z; + @f WACF)) + &
j=1

The asymmetric long-run relationship is tested with p = 8% = 8~ = 0 based on Equation
8. If there is a long-run relationship, it is tested whether the asymmetric long-run parameters
(B*,B7) —6%/p,—6~ /p are equal to each other. The asymmetric short-run relationship is tested
in two ways: strong and weak form. The equality between the positive and negative short- run
parameters that in the same lag length ((p]-'" = ) is tested with the Wald Test in order to
determine the strong asymmetry. The equality between the sum of positive short-run parameters
and the sum of negative short-run parameters (qu;f cpj+ = 2]9;11 ;) is tested with the Wald Test
for determining the weak asymmetry (Malik et al., 2020: 8; Icen, 2021: 9-11).

4. Empirical Results
4.1. Results of First Period: (2011:01-2016:12)

This study applied the Dickey-Fuller Unit Root Test (DF), Augmented Dickey-Fuller Unit
Root Test (ADF), and Philips-Perron Unit Root Test (PP) to check the stationarity of the series
(Dickey and Fuller, 1979; Dickey and Fuller, 1981; Phillips and Perron, 1988). The empirical
results in Table 2 show that dependent and independent variables were I(1). Since none of the
series were 1(2), the study applied the ARDL and NARDL models.

Table 2. Unit Root Tests: (2011:01-2016:12)

DF ADF PP
Variable Intercept Intercept Intercept  Status
Intercept and Trend Intercept and Trend Intercept and Trend
i i (-2.88) (-3.09) (-2.41) (-2.34)
IRCL (-1.26)  (262)  1oosper  [012]  [014]  [0.41] w
) ) (-5.39) (-5.40) (-5.15) (-5.15)
AIRCL (541" (540" oo [0.00]*  [0.00]*  [0.00]*
A anvesx [ (-2.23) (-2.47) (-2.34) (2.63)
WACF (-1.84) (-2.50) [020] [034  [016]  [0.27] W
AWACF (-7.88) (-7.88) (-7.82) (-7.77) (-7.82) (7.77)

[0.00]* [0.00]* [0.00]* [0.00]*
Note: Values in () and [] show t-statistics and probability respectively. *, ** *** ghow significance at
1%, 5% and 10% level respectively. Null Hypothesis of DF, ADF and PP: Variable has a unit root.
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The Sequential Modified LR Test Statistic (LR), the Final Prediction Error (FPE), AIC, SC
and HQ Information Criterion presented a lag length of 2 for the conducting cointegration. Lag-
length selection according to the VAR model showed that all dots were within the circle at the
polynomial graph. Table 3 presents the ARDL (2,2) and NARDL (2,0,0) models.

The ARDL (2,2) model included DUMMY1 (it is defined as 1 for 2014M08; as 0 for the
other months) because of the instability of the CUSUM?. Inclusion of DUMMY 1 ensures the
stability for the overall model. In addition, other diagnostic test results [Jarque-Bera test for
normality (Xf3), Breusch-Godfrey Serial Correlation LM test (X3;), ARCH test for
heteroscedasticity (X3¢ ), Ramsey’s reset test for misspecification of model (X3)] and statistics
[R?,R?, F] of the model indicated that there was no problem statistically within the ARDL (2,2)
model.

The finding of the Bound Test indicated that the estimated F-statistic value was statistically
significant, and it was higher than the critical value of the upper bound of Narayan's (2005) table.
WACF affected IRCL positively and significantly in the long and short run. The long-run findings
indicated that a 1 % increase (decrease) in the WACF was able to lead to an increase (decrease)
of 1.094 % in IRCL. Thus, commercial lending rates exhibited an overshooting reaction to the
changes in the policy rates.

The short-run estimates were 0.242 and 0.257 respectively. This meant that the commerecial
lending rate pass-through was incomplete. The estimation of the EC was -0.167. When the CBRT
changed the policy rate, the adjustment took around 6 months for the commercial lending rate to
reach its long-run equilibrium value.

Table 3. ARDL and NARDL Models: (2011:01-2016:12)

ARDL (2,2) NARDL (2,0,0)
F statistic F statistic
Bound Test 4.460%* 5 27g%
Variable Coef Prob Variable Coef Prob
WACF 1.094 0.000* WACF_POS 1.234 0.000*
Long Run DUMMY1  -6.568 0.055** WACF_NEG 1.249 0.000*
C 5.123 0.018** DUMMY1 -6.017 0.028**
C 11.847 0.000*
D(IRCL(-1)) 0.252 0.008* D(IRCL(-1)) 0.288 0.003*
Error D(WACF) 0.242 0.007* D(WACF_POS) 0.337 0.003*
Correction  D(WACF(-1)) 0.257 0.011** D(WACF_NEG) 0.134 0.397
Model D(DUMMY1) -1.305 0.002* D(DUMMY1) -1.431 0.001*
EC(-1) -0.167 0.001* EC(-1) -0.211 0.000*
Wald Test W, 0.037 (0.848) Symmetric
Ws )
Model Ez 0.501 Ez 0.386
Statistics R? 0.453 R? 0.338
F 10.541 (0.000) F 8.038 (0.000)
XJZB 0.362(0.835) XIZB 0.772(0.680)
X&: 0.097(0.907) X&6 0.221(0.802)
Diagnostic X&RrcH 0.043(0.958) XZreH 0.591(0.557)
Tests X2 0.599(0.442) X3 1.065(0.306)
CUSUM Stable CUSUM Stable
CUSUM? Stable CUSUM? Stable

Note: *, ** *** show significance at 1%, 5% and 10% level respectively.

298



Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2024, 9(2): 287-305
Journal of Research in Economics, Politics & Finance, 2024, 9(2): 287-305

If there is an asymmetric relationship in the model, the ARDL model may not present
correct results. For this reason, the NARDL model is also estimated to test asymmetry with the
Wald test. The findings of NARDL showed that there was a positive and statistically significant
relationship between WACF and IRCL in the long run. The short-run results indicated that while
the increment of WACF increased IRCL, the decrease in WACF did not have a statistically
significant effect on IRCL. However, the Wald test results did not support asymmetry in the long
run. As a result, the pass-through from the policy rate to the commercial lending rate was
symmetric between 2011:01 and 2016:12 for Tiirkiye. The findings of the NARDL Wald Test
confirmed the robustness of the ARDL model.

4.2. Results of Second Period: (2017:01-2023:10)

Table 4 shows the results of the DF, ADF, and PP tests. The findings indicate that IRCL is
I(1), while WACEF is 1(0). Since time series do not need to be cointegrated in the same order, this
study applied the ARDL and NARDL models for the period of 2017:01-2023:10.

Table 4. Unit Root Tests: (2017:01-2023:10)

DF ADF PP
. Intercept Intercept
Variable Intercept and Intercept and Intercept Intercept Status
and Trend
Trend Trend
PN (-197)  (-207)  (-1.26) (-1.30)
IRCL (-1.70) (252) 030}  [056]  [0.64] [0.88] 1)
aeave  (aams  ((3.68)  (-3.83)  (-3.68) (-3.83)
AIRCL (-368)" (389 looupr  [0.02%*  [0.01*  [0.02]*
ame  (agees (337 (3200 (-1.75) (-1.69)
WACF (284" (349 [oo2p [0.09*  [0.40] [0.75] 10)
AWACE (436)¢  (4asy (43 (440 (446) (-4.53)

[0.00]*  [0.00]*  [0.00]* [0.00]*

LR, FPE, and AIC presented a lag length of 4 for the conducting cointegration. Lag-length
selection according to the VAR model indicates that all dots are within the circle at the polynomial
graph. Table 5 presents the ARDL (2,2) and NARDL (2,4,0) models.

The ARDL (2,2) includes DUMMY?2 (it is defined as 1 for 2021M12-2022M08; as 0 for
the other months) to resolve the instability of CUSUM?2. The inclusion of DUMMY 2 ensures the
stability for the overall model. Thus, all diagnostic test results and statistics of the model show
that there is no problem statistically within the model. The Bound test result of the ARDL (2,2)
model showed that the calculated F-statistic value was statistically significant and there was a
cointegration between WACF and IRCL.

WACEF affected IRCL positively and significantly in the long and short run. The long-run
results indicated that a 1 % increase (decrease) in the WACF was able to lead to an increase
(decrease) of 0.898 % in IRCL. This means that the long-run pass-through is incomplete for the
period of 2017:01-2023:10. The short-run estimates were 0.733 and 0.472 respectively. Thus,
commercial lending rates exhibited a lower reaction. The estimate of the EC was -0.248 and
statistically significant. The adjustment took around 4 months for the commercial lending rate to
reach its long-run equilibrium value when CBRT changed the policy rate.
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Although the NARDL model provided significant coefficients, the findings of the Wald
test did not support asymmetry in the long run. Thus, the pass-through of the commercial lending
rates was symmetric for the period of 2017:01-2023:10 in Tiirkiye. The findings of the NARDL
Wald Test confirmed the robustness of the ARDL model.

Table 5. ARDL and NARDL Models: (2017:01-2023:10)

ARDL (2,2) NARDL (2,4,0)
Bound F statistic F statistic
Test 7.065* 8.706*
Variable Coef Prob Variable Coef Prob
WACF 0.898 0.000* WACF_POS 0.739 0.000*
Long Run  pUMMY?2 7.364 0.000* WACF_NEG 0.751 0.000*
C 5.222 0.008* DUMMY?2 8.256 0.000*
C 13.409 0.000*
D(IRCL(-1)) 0.253 0.009* D(IRCL(-1)) 0.304  0.002*
D(WACF)  0.733 0.000* D(WACF_POS) 0.850 0.000*
Error D(WACF(-1)) 0.472 0.001* D(WACF_POS(-1)) 0.518 0.009*
Correction D(DUMMY?2) 3.129 0.002* D(WACF_POS(-2)) -0.178 0.388
Model EC(-1) -0.248 0.000* D(WACF_POS(-3)) 0.506 0.010**
D(WACF_NEG) 0.333 0.090***
D(DUMMY?2) 3.242 0.001*
EC(-1) -0.287 0.000*
Wald Test WL 0.046 (0.831) Symmetric
Wy -
R? 0.736 R? 0.761
Model R? 0.714 R? 0.729
Statistics 33.846 23.754
F (0.000) F (0.000)
X3 3.724(0.155) X{3 0.284(0.868)
X3 0.667(0.617) X% 0.721(0.581)
Diagnostic X2,y 1.008(0.409)  XZgrcn 0.164(0.956)
Tests X2 2.075(0.154) X2 0.325(0.571)
CUSUM Stable CUSUM Stable
CUSUM? Stable CUSUM? Stable

5. Conclusion and Policy Recommendations

Monetary policy has a crucial function for the CBRT's two important targets of price
stability and financial stability. For central banks to achieve their purpose through the interest rate
channel, banks' rates need to be directed in line with targets. Hence, interest rate pass-through is
an important topic for the central banks. While an incomplete pass-through may cause a failure
of monetary policies, a complete one ensures its success because the bank's deposit and lending
rates determine the decisions of the economic units about investment, savings, and consumption.
When the policy rate is lowered by applying an expansionary monetary policy aimed at
stimulating economic activity and this decrease is reflected in the bank's lending rate completely,
economic units increase consumption and investment expenditures. Thus, the aggregate demand
and production also increase. On the other hand, when central banks increase the policy rate by
applying the contractionary monetary policy in order to curb inflation, and this increase reflects
bank's lending rate completely, total output decreases due to the decrement of the expenditures.
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Hence, inflationary pressure decreases. As a result, interest rate pass-through should be symmetric
and complete in a well-functioning macro-financial market.

This is exactly why the interest rate pass-through is an important research topic in terms of
demonstrating the success or failure of monetary policy. This study aimed at testing the pass-
through within the framework of the Monetary Policy Approach by using linear ARDL and
NARDL models for two periods (2011:01-2016:12 and 2017:01-2023:10). Testing two periods
and comparing the results of these periods with ARDL and NARDL makes this study different
from other studies that have analyzed Tiirkiye.

NARDL Wald test results indicated that pass-through was symmetric for both periods.
Symmetric pass-through made it possible to discuss and compare the findings of linear ARDL
models. According to the long-run results, the coefficient of the pass-through was higher than 1
in the first period while it was lower than 1 in the second period. Short-run findings presented
that the coefficient was lower in the first period compared to the second period. The speed of
adjustment was faster in the second period.

The finding of the symmetry is in line with Yuksel and Metin Ozcan (2013) and Sahin
(2019). The long-run results of the second period are similar to the studies conducted by
Buberkoku and Kizilder (2019), Bulut (2020), Salihoglu and Hepsag (2021). Lastly, the speed of
adjustment for the second period is similar to the study of Cavusoglu (2010). Symmetric pass-
through for both periods is a very important advantage for the CBRT. CBRT may control overall
the macroeconomy and reach its aims more easily due to the symmetry. Although the long-run
findings are statistically significant for both periods, coefficients differ from each other. This
difference indicates that different factors may have been effective for interest rate pass-through.
The overshoot of commercial lending rates in the first period may be related to the reaction of
banks against asymmetric information. Banks may not have rationed the amount of loan supply
and may have chosen to increase lending rates to counter moral hazard and adverse selection
problems in the first period. The incomplete pass-through in the second period could be caused
by many different factors as weak competition or power market, rationing of credit supply,
economic contraction, rising uncertainty, large amounts of public debt, temporary and unexpected
changes in policy rates, and adjustment costs. Frequent changes in the policy rate in the second
period may have caused weak pass-through due to adjustment costs. Thus, the stability of the
policy rate is so important for a complete pass-through.

As a result, the interest rate pass-through of Tiirkiye is overshoots in the first period while
it is incomplete in the second one. These findings require policy recommendations for
strengthening interest rate pass-through. The stability of macroeconomic variables is important
for the pass-through because the stability of policy rates depends on the stability of
macroeconomic variables. The instability of the general level of prices may lead to frequent
changes in policy interest rates. It is recommended to be patient and decisive for the
contractionary monetary policies applied to reduce inflation for Tirkiye. If inflation is
permanently reduced, the policy rate can be stable and the stability of the interest rate will
strengthen the interest rate pass-through. Since a high level of public debt negatively affects pass-
through, it is recommended to pay special attention to fiscal discipline. If the CBRT avoids
unexpected and temporary changes to the policy rate, pass-through will be complete or almost
complete. Asymmetric information may cause both upward and downward rigidity for lending
rates. For this reason, it will be useful to focus on the solution of asymmetric information
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problems in commercial loan markets. A good way to solve these problems is for the supplier of
the loans to have reliable and detailed information from a neutral institution. Finally, the speed of
adjustment is so important for the decisions of central banks. CBRT should take into account the
speed of adjustment determined in this study to timely adjust the policy rate and monetary policy
decisions.

If these recommendations are put into practice, the interest rate pass-through may be
complete. Achieving price stability will be easier and faster when the interest pass-through is
complete or almost complete. Additionally, a complete pass-through will increase the resilience
of the financial system against macro-financial risks and shocks from both internal and external
sources.
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Abstract
The source of economic growth is the supply-demand balance. Demand refers
to consumption and supply refers to production. Producing quality products
plays an important role on the production side of this balance. The country,
which has a wide range of qualified products called sophisticated products,
continues to grow with financial development. The concept of economic
complexity refers to product diversity. This concept has taken its place in the
literature by being expanded into commercial, technological, and research
complexity indices as the content of the multidimensional complexity index.
In this study, the relationship between multidimensional complexity indices
and financial development indicators of E7 (Emerging) countries (Brazil,
China, India, Indonesia, Mexico, Russia, Turkey) is analyzed with
Gengenbach, Urbain, and Westerlund Cointegration Test and Mean Group
Estimator applied in case of cointegration. It has been determined that these
variables are cointegrated, and this relationship between the commercial and
technological complexity index and financial development is significant. As a
result of the analysis with the mean group estimator, it was concluded that the
technological complexity index has a greater impact on financial development
than the commercial and research complexity indices.
Oz

Ekonomik biiylimenin kaynagi arz-talep dengesidir. Talep tiiketimi, arz ise
iretimi ifade eder. Bu dengenin iiretim tarafinda kaliteli {iriin tiretmek 6nemli
rol oynuyor. Sofistike iriinler olarak adlandirilan genis bir nitelikli iriin
yelpazesine sahip olan {iilke, finansal gelismeyle birlikte biiylimeye devam
ediyor. Ekonomik karmagiklik kavramu {iriin ¢esitliligini ifade etmektedir. Bu
kavram, ¢ok boyutlu karmagiklik indeksinin igerigi olarak ticari, teknolojik ve
arastirma karmagiklifi indeksleri olarak genisletilerek literatiirdeki yerini
almistir. Bu calismada E7 (Gelismekte olan) {ilkelerin (Brezilya, Cin,
Hindistan, Endonezya, Meksika, Rusya, Tiirkiye) ¢ok boyutlu karmasiklik
endeksleri ile finansal gelismislik gostergeleri arasindaki iliski Gengenbach,
Urbain ve Westerlund Esbiitiinlesme Testi ve esbiitiinlesme bulunmasi
durumunda uygulanan Ortalama Grup Tahmincisi ile analiz edilmistir. Bu
degiskenlerin esbiitiinlesik oldugu ve ticari ve teknolojik karmagsiklik endeksi
ile finansal gelisme arasindaki bu iliskinin anlamli oldugu tespit edilmistir.
Ortalama grup tahmincisi ile yapilan analiz sonucunda teknolojik kompleksite
endeksi finansal gelismede iizerinde ticari ve arastirma kompleksite
endekslerinden ziyade daha biiylik etkiye sahip oldugu sonucuna varilmustir.
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1. Introduction

Economic growth is among the most important goals of every country. There are
variables representing more than one macro indicator that mutually affects economic growth. It
is a fact that macroeconomic indicators are used more in the literature. Macroeconomic
variables are important for both countries and studies. In addition to these variables, new
indicators have also emerged in the literature. Economic complexity and multidimensional
economic complexity (trade, technological, and research complexity indices) are some of the
new indicators.

The difference and quantity of products are considered rather than how many countries
produce products. The diversity of products reveals the concept of complexity. Instead of
producing more than one product of the same product, a country produces sophisticated
products and sells them in the national and international markets, which contributes positively
to the country's economy. The concept of complexity is measured by the economic complexity
index. In the last year, this concept has taken its place in the literature under the name of
multidimensional complexity index, including commercial, technological, and research
complexity index. A country's product diversity depends on technological development, exports
and imports, research and development expenditures, innovation, active use of knowledge,
inclusion of skills, financial opportunities provided to economic decision-making units, and
financial development.

When looking at the literature, it is noteworthy that studies mostly focus on economic
complexity and growth variables for analysis. There are also analyses in the literature that
include financial development. However, it has been divided into three different indices and
started to be published on the website of The Observatory of Economic Complexity, affiliated
with the Massachusetts Institute of Technology, since 2023. A study analyzing the commercial
complexity index, technological complexity index, and research complexity index, which is
called the multidimensional complexity index, has not been found in the literature. This study's
contribution to the literature occurs here.

Following the introduction section, information about financial development and the
multidimensional complexity index is given, and the analysis is started. In the study, the
relationship between financial development and multidimensional complexity indices of E7
Countries (Brazil, China, India, Indonesia, Mexico, Russia, Tiirkiye), which are fast growing
and have great importance in global trade, was analyzed. A model was established in which the
dependent variable is financial development, and the independent variable is multidimensional
complexity indices. There are 23 years and 7 units in the analysis, which covers the period
between 1999 and 2021. The time dimension is larger than the unit dimension. For this reason,
the Pesaran CD cross-sectional dependency test was used. Then, the Swamy S homogeneity test
was used to determine homogeneity. Gengenbach, Urbain, and Westerlund’s Cointegration Test
were conducted for cointegration between variables, and the significance of cointegration was
estimated with the Weighted Group (MG) Estimator. In the conclusion section, the findings
were interpreted, and suggestions were made.
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2. Theoretical Frame and Literature Review
2.1. Theoretical Frame

The structural changes contribute to the growth of the country's economy. When a
country focuses on the characteristics it has, increases its product diversity, and stands out from
other countries in this diversity, it realizes structural changes. It is important for countries to use
their characteristics in areas with high productivity. This situation reveals the concept of
economic complexity. Economic complexity means using a country's output in productive areas
and supporting it with knowledge and skills (Erkan and Yildirimci, 2015).

The concept of economic complexity emerged inspired by the products exported by
countries. The diversity of products exported by a country reflects the concept of complexity,
and the fact that exports increase the country's income reflects the concept of economic growth.
Rather than whether a country produces more than one product and exports these products, it is
more important which countries produce a product. The same product produced in two different
countries differs depending on the country's knowledge and skills. The quality of the products is
more important than the number of products produced in the country (Rodrik, 2006).

The knowledge and skills of countries show the quality of the products they produce and
the products they will export in the future. For example, learning a foreign language is
something that an individual can do by spreading his knowledge over time. If a football player
has the ability to score goals, it means that he will be a good football player. This ability shows
the skill of the football player (Can and Dogan, 2018). Countries should also attach importance
to knowledge as well as skill in product production. The fact that countries have a very high
level of skills and knowledge causes them to produce many products in qualitative and
guantitative terms, and these products differ from other products (Hausmann and Hidalgo,
2011).

If the income level in a country is different, the skill level and active use of information in
that country are not developed. Since countries with low levels produce fewer and unqualified
products, they either cannot sell these products at all or very little. However, countries with high
levels can produce more sophisticated products. The export of sophisticated products is high,
and income levels are increasing rapidly (Hausmann and Hidalgo, 2010).

The development of countries in terms of knowledge and skills depends on the economic
decision-making units in the country. The country's knowledge and skill levels are also
improving with the combination of individuals' desire to learn, companies' desire to develop,
and the support provided by the state to households and companies. The support of companies
and the state is important in this regard (Can and Dogan, 2018).

Financial development is the transfer of capital from inefficient areas to productive areas
with the support of technology. The development of the country's banking sector also leads to
financial development. As the opportunities provided to companies and individuals in the
banking sector increase, the number of products produced in the country also increases. Local
producers, who easily obtain capital, increase their sophisticated products. Companies with
increased capital are developing technologically as they enable easier purchase of machinery,
tools, and equipment. Technologically developing companies' production speeds are increasing,
and they are starting to produce more sophisticated products. The support of individuals and
companies by banks and politicians causes the products produced and exported in the country to
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increase both qualitatively and quantitatively. The quantitative and qualitative increase in
products also increases the country's trade, technological structure and research, including its
R&D structure. Commercial, technological and research complexity indices, which are three
important distinctions of economic complexity, are also increasing. The increase in these three
complexity indices, called multidimensional complexity indices, has an impact on the income
levels of countries and the country's economy grows (Shahbaz et al., 2013). Financial
development affects multidimensional complexity indices by increasing exports through capital,
technology and banking channels. Likewise, a positive indicator in the indices means that the
country's economy is moving in a positive direction, which means that exports, banking sector,
technology and capital are improving. These situations also have a positive impact on financial
development. In the form of a theoretical hypothesis, an increase in financial development
increases multidimensional complexity indices. Increasing index values also increase financial
development. Theoretically, a mutual positive effect is expected.

It has been seen as a deficiency in the literature that the concept of economic complexity
is insufficient to measure its impact, especially on sustainable green growth, and that this
measurement is made only through the trade indicator. Upon the request to evaluate this
measurement in terms of innovation indicators, the concept of economic complexity started to
be published with commercial, technological, and research data called multidimensional
complexity indices (Stojkoski et al., 2023).

After the 1980s, with the adoption of Neoliberal Economic Policies, economic growth
and foreign trade began to accelerate positively. The financial opportunities provided after the
policies implemented have an impact on the increase in economic growth and the prevention of
foreign trade deficit. Financial development is also the result of economic growth. Economic
growth and financial development both affect and are affected by each other. This is the reason
why financial development has not experienced much change since the 1980s. As seen in Figure
1, financial development in E7 countries remained within a certain band. However, Brazil has
made very good progress in financial development after 2010.
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Figure 1. Financial Development of E7 Countries
Source: International Monetary Fund, 2024.
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Figure 2 shows that India, which is among the E7 countries, increased its trade and the
diversity of commercial products with a rapid acceleration between 2002 and 2003. However,
there was a sudden decline between 2003 and 2004. Trade was also negatively affected as India
slowed down in economic growth in the early 2000s. After 2005, E7 countries have generally
experienced an increase in the diversity of commercial products. India came to the forefront in
terms of exports and imports in 2021. As seen in Figure 2, its maximum commercial level is in
2021. Among these countries, Indonesia has the lowest trade complexity index. It can be said
that the very high population of Indonesia compared to other countries causes domestic
production to be consumed and exports to decrease.

-0,8
=4—Brazil =ll=China == India =>¢=Indonesia ==t=Mexico =@=Russia Tiirkiye

Figure 2. Trade Complexity Indexes of E7 Countries
Source: The Obsarvatory of Economic Complexity, 2024.

Mexico and China generally appear to have and export an increasing level of product
diversity. However, the fact that China is at very good levels in e-commerce and foreign trade,
especially in 2021, is also reflected in the figure. Tiirkiye has followed a general trend and even
increased in recent years. However, the reason for the decrease after a certain increase in Russia
can be attributed to the existence of regional income inequality despite being in a good position
in terms of foreign trade. Political inactivity in fast-growing Brazil and protests within the
country have hindered its development. The fact that Brazil is the largest coffee producer and
has sophisticated products besides coffee has increased the commercial complexity index.
However, like Russia, trade in Brazil has declined in recent years.

As seen in Figure 3, E7 countries have not been able to gain regular technological
momentum. In Mexico and Indonesia, overpopulation and economic inequality lead to a
situation where technological development and the production of sophisticated products based
on technology are put on the back burner. Russia, Brazil and Tiirkiye have followed the same
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path. Since India is the fastest growing economy after 2010, it has made technological progress
in the years after 2010. In recent years, China has declined technologically and risen
commercially. It is considered that this is due to decline and rise.

== Brazil == China === India =>¢=Indonesia === Mexico =@ Russia ==+ Tiirkiye

Figure 3. Technology Complexity Indexes of E7 Countries
Source: The Obsarvatory of Economic Complexity, 2024.

Looking at Figure 4, E7 countries increased their research-based sophisticated products
between 2005 and 2017 but decreased in the remaining years. Since E7 Countries are among the
fast-growing countries with a high share in global trade, they have given more importance to the
production of trade and technology-oriented products. It is thought that the crises caused the
decline in research and development activities in the 2000s. Countries that have experienced a
decline in recent years have started to rise again in terms of innovation, research, and
information technologies.

== Brazil == China === India =>¢=Indonesia === Mexico =®=Russia ==+ Tiirkiye

Figure 4. Research Complexity Indexes of E7 Countries
Source: The Obsarvatory of Economic Complexity, 2024.
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2.2. Literature Review

Looking at the literature, the relationship of the economic complexity index with multiple
variables has been analyzed. However, no study analyzing the commercial complexity index,
technological complexity index and research complexity index, which is called the
multidimensional complexity index, has been found in the literature. However, it is useful to
analyze financial development and economic complexity.

Daude et al. (2015) analyzed the financial development and economic complexity index
data of 103 countries between 1976 and 2010. It was found that financial development is a
variable that determines economic complexity. Can and Dogan (2018) conducted a
cointegration test in their study covering the years 1970 and 2013. It was seen that financial
development positively affected economic complexity and the relationship between them was
significant. Nguyen et al. (2020) analyzed financial development and economic complexity
variables of 52 countries between 1995 and 2017. It has been determined that financial
development affects the other variable positively in the short term. However, this effect is
negative in the long term. Sahin and Durmus (2020) examined the relationship of the economic
complexity index with capital investments, patent applications, and foreign direct capital
investments, as well as the financial development variable. Newly industrializing countries were
used in the research. Variables were found to be significant in Tiirkiye and Mexico. Another
consequence is that financial development causes complexity.

Nguyen and Su (2021) analyzed the financial development and economic complexity
variables of 86 countries covering the years 2002 and 2017. It has been determined that
financial development has a positive impact on economic complexity. Njangang et al. (2021)
examined the impact of financial development on economic complexity in 24 African countries
between 1983 and 2017. In these countries, the relationship between financial development and
economic complexity was positive. Efeoglu (2022) tested the relationship between financial
development and complexity in N11 countries in his study covering the years 1995-2019. It has
been concluded that increasing financial development also increases economic complexity.
Kazemzadeh et al. (2023) conducted PVAR analysis in their study covering 49 countries.
Financial development and economic complexity variables were also evaluated in the analysis.
The variables that are positively related in the first period are found to be negatively effective in
the third lag.

Can and Dogan (2018), Nguyen and Su (2021), Njangang et al. (2021), Efeoglu (2022)
found that two variables positively affect each other. However, Nguyen et al. (2020) found a
positive relationship only in the short term. They detected a negative relationship in the long
term. Sahin and Durmus (2020) concluded that there is a significant relationship between them,
especially in Tirkiye and Mexico. In the same studies, it was found that financial development
affects complexity.

3. Data, Method and Results
3.1. Data

Using panel data analysis in data based on studies spanning time and countries is
important for the accuracy of the results. Since there are 23 years and 7 countries, panel data
analysis was performed. In the study where Brazil, China, India, Indonesia, Mexico, Russia and
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Tirkiye, known as E7 Countries, were discussed, the relationship between commercial,
technology and research complexity indices, known as multidimensional complexity index, and
financial development between 1999 and 2021 was examined.

For convenience in the study, the variables used are given abbreviated names. As shown
in Table 1, FD represents financial development, TRADE represents business complexity index,
TECHNOLOGY represents technology complexity index, and RESEARCH represents research
complexity index.

Table 1. The Details of Variables

Variable Name Description Source

FD Financial Development International Monetary Fund (2024)

TRADE Trade Complexity Index Obsarvatory of Economic Complexity (2024)
TECHNOLOGY  Technology complexity Index Obsarvatory of Economic Complexity (2024)
RESEARCH Research complexity Index Obsarvatory of Economic Complexity (2024)

In the model where financial development and commercial, technological and research
complexity indices are examined, commercial, technological and research complexity indices
are considered as independent variables. The established model is as follows;

FD = fo + p1 TRADE + 8 TECHNOLOGY + s RESEARCH + i @)

FD in the model in equation 1 is the dependent variable defining financial development.
Variables with B coefficients on the right side of the equation represent independent variables,
and pit indicates the error term. Multidimensional complexity indices were taken from The
Obsarvatory of Economic Complexity website, and financial development was taken from the
International Monetary Fund website. In this study, the Stata program was used to perform the
analysis. The purpose of building the model is to determine the relationship between the
selected variables and to express the order in which they were selected in the stata program. At
the same time, another purpose of specifying this model is to show that the relationship between
the dependent variable of financial development and multidimensional complexity indices is
analyzed. The relationship between the independent variables has not been determined.

As a result of the study by Stojkoski et al. (2023), the concept of economic complexity
index started to be expressed as multidimensional complexity index. Their study proved that the
multidimensional complexity index, which consists of commercial, technological and research
complexity indices, has a great impact on the income distribution of countries (Stojkoski et al.,
2023). The last purpose of the model is to show that the financial deepening relationship has
been analyzed in addition to this study.

3.2. Method

When looking at the probability values of the tests, a significance level of 0.05 is taken
into account. Comments are made at this level. If the resulting value is less than the 0.05
significance level, it will reject the null hypothesis, and if it is greater than it, it will be accepted.
If it is greater, the null hypothesis of the test is accepted. The probability values resulting from
all tests performed in this study were interpreted according to the 0.05 significance level.
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In panel analysis, horizontal cross-section and homogeneity should be checked. Analysis
should start with these tests first. Because, according to the results of these tests, it is decided
which unit root test, cointegration test and causality test will be used. For this reason, Pesaran
CD cross-sectional dependence test and Swamy S homogeneity test were used in this study.

The proposition of the null hypothesis is expressed as there is no cross-section, and the
proposition of the alternative hypothesis is expressed as there is. In the homogeneity test, the
null hypothesis includes the proposition that the model is homogeneous, and the alternative
hypothesis includes the proposition that the model is heterogeneous (Swamy, 1970; Ozayturk
and Alper, 2017).

The analysis continues with unit root tests. If the model turns out to be heterogeneous and
there is cross-sectional dependence in the model, a unit root test from the 2nd group of second
generation unit root tests should be preferred. Horizontal Section Extended Im, Pesaran and
Shin Unit Root Test is one of this group of tests. The null hypothesis of this test indicates the
absence of stationarity, and the alternative hypothesis indicates stationarity (Yerdelen Tatoglu,
2018). If the series do not turn out to be stationary, their differences should be taken. The
differenced series become stationary.

Gengenbach, Urbain and Westerlund Panel Cointegration Test and Mean Group
Estimator are used to look at cointegration between variables and test their significance. The
null hypothesis of the cointegration test is the absence of cointegration, and the alternative
hypothesis is the existence of cointegration. As a result of this test, the significance of the
cointegrated variables is checked. For this purpose, cointegration estimator is made. This
estimator shows the impact of variables on each other and the significance relationship between
variables. The null hypothesis of the cointegration estimator includes the proposition that the
long-term relationship is meaningless, and the alternative hypothesis is significant (Gengenbach
etal., 2016).

3.3. Results

As seen in Table 2, the values are below 0.05. The test revealed the existence of cross-
sectional dependence in the model.

Table 2. Pesaran CD Cross Section Dependency Test

Variables Statistical Value Probability Value
FD 13.49 0.0000
TRADE 5.27 0.0000
TECHNOLOGY 11.57 0.0000
RESEARCH 6.28 0.0000
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Table 3 shows that the probability values are less than the 0.05 significance level. The
null hypothesis containing the homogeneous proposition of the Swamy S test was rejected. It
was concluded that the model was heterogeneous.

Table 3. Swamy S Homogeneity Test

Chi-Square Value Statistical Value Probability Value

Chi (24) 739.13 0.0000

As a result of the unit root test, it was found that the variables were not stationary. This
situation can be seen in Table 4. After retesting the variables by taking their first differences, it
was revealed that the variables became stationary at their first difference, as the probability
values were less than 0.05 significance level. The letter D is added to the names of the variables
to indicate that their first differences are taken.

Table 4. Cross Section Extended Im, Pesaran and Shin Unit Root Test

1(0) 1(1)

. Statistical Probabilit . Statistical Probabilit
Variables Value Value g Variables Value Value y
FD -1.479 0.070 DFD -6.220 0.000
TRADE 0.474 0.682 DTRADE -3.002 0.001
TECHNOLOGY -0.370 0.356 DTECHNOLOGY -3.026 0.001
RESEARCH 1.946 0.974 DRESEARCH -3885 0.000

In Table 5, the cointegration test's probability value is = 0.01, which reveals a
cointegration relationship between the variables subject to analysis.

Table 5. Gengenbach, Urbain and Westerlund Cointegration Test

Variables Coefficient Statistical Value Probability Value
FD - TRADE -0.730 -3.232 <=0.01
FD - TECHNOLOGY -0.775 -3.309 <=0.01
FD - RESEARCH -0.728 -3.281 <=0.01
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The results of the model estimated with the cointegration estimator in terms of financial
development trade complexity index are shown in Table 6. Looking at the general coefficients,
when the trade complexity index is increased by 1%, financial development increases by
approximately 13%. According to the probability value, the long-term relationship between
financial development and the trade complexity index is significant. The long-term relationship
was insignificant in Brazil and India but significant in other countries. In Brazil, when the trade
complexity index is increased by 1%, financial development decreases by approximately 0.13%.

Table 6. Mean Group Forecaster (FD-TRADE)

General Coefficients

Coefficient Statistical Value Probability Value
0.1251 2.51 0.012
Unit-Specific Coefficients
Brazil
Coefficient Statistical Value Probability Value
-0.1331 -0.72 0.472
China
Coefficient Statistical Value Probability Value
0.2285 12.01 0.000
India
Coefficient Statistical Value Probability Value
0.0582 1.90 0.057
Indonesia
Coefficient Statistical Value Probability Value
0.1402 5.29 0.000
Mexico
Coefficient Statistical Value Probability Value
0.1890 10.62 0.000
Russia
Coefficient Statistical Value Probability Value
0.1319 2.01 0.044
Tiirkiye
Coefficient Statistical Value Probability Value
0.2609 11.28 0.0000
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When the general coefficients in Table 7 are examined, it has been determined that when
the technology complexity index is increased by 1%, financial development increases by
approximately 15%, and according to the probability value result, it has been determined that
the dependent variable and the technological complexity index affect each other in the long
term. When unit-specific coefficients are examined, it is seen that the cointegration relationship
between the variables is significant in countries other than China and Russia. In China, when the
technological complexity index is increased by 1%, financial development decreases by
approximately 0.005%.

Table 7. Mean Group Forecaster (FD-TECHNOLOGY)

General Coefficients

Coefficient Statistical Value Probability Value
0.1481 2.09 0.037
Unit-Specific Coefficients
Brazil
Coefficient Statistical Value Probability Value
0.5549 5.60 0.000
China
Coefficient Statistical Value Probability Value
-0.0005 -0.01 0.994
India
Coefficient Statistical Value Probability Value
0.0584 3.13 0.002
Indonesia
Coefficient Statistical Value Probability Value
0.0935 3.85 0.000
Mexico
Coefficient Statistical Value Probability Value
0.1110 5.97 0.000
Russia
Coefficient Statistical Value Probability Value
0.0432 0.55 0.584
Tiirkiye
Coefficient Statistical Value Probability Value
0.1762 9.92 0.000

The dependent variable and research complexity index results of the estimator are shown
in Table 8. Looking at the general coefficients, when the research complexity index is increased
by 1%, financial development increases by approximately 7%, and according to the probability
value result, It is seen that the dependent variable and the research complexity index are
insignificant in cointegration. According to the units, cointegration is significant in Brazil and
Mexico, but insignificant in the rest. In China and India, when the research complexity index is
increased by 1%, financial development decreases by approximately 0.02% and 0.03%,
respectively.
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Table 8. Mean Group (MG) Forecaster (FD-RESEARCH)

General Coefficients

Coefficient Statistical Value Probability Value
0.0753 1.87 0.062
Unit-Specific Coefficients
Brazil
Coefficient Statistical Value Probability Value
0.2546 6.61 0.000
China
Coefficient Statistical Value Probability Value
-0.0258 -0.61 0.542
India
Coefficient Statistical Value Probability Value
-0.0336 -1.74 0.082
Indonesia
Coefficient Statistical Value Probability Value
0.0187 0.38 0.702
Mexico
Coefficient Statistical Value Probability Value
0.1573 4.69 0.000
Russia
Coefficient Statistical Value Probability Value
0.0327 1.77 0.076
Tiirkiye
Coefficient Statistical Value Probability Value
0.1237 0.64 0.519

4. Conclusion and Suggestions

This study analyzed the relationship between financial development and commercial,
technological, and research complexity indices, called multidimensional complexity indices, of
the developing E7 countries, which have a high share in global trade and are fast growing. Since
panel data analysis was performed, cross-sectional dependency and whether the model was
heterogeneous were examined first.

Pesaran CD cross-section dependence test was used to analyze cross-section dependence,
and Swamy S homogeneity test was used to determine homogeneity. There is cross-sectional
dependence, and the model was found to be heterogeneous. In cases where there is cross-
sectional dependence, and the model is heterogeneous, one of the second generation second
group unit root tests was chosen to determine the stationarity of the series. Horizontal Section
Extended Im, Pesaran, and Shin Unit Root Test showed that the series became stationary after
taking their first differences. Then, Gengenbach, Urbain, and Westerlund Cointegration Test
was applied to detect cointegration. The variables were found to be cointegrated. After this test,
which showed that the effects of the variables used in the analysis would continue in the long
term, the model was estimated with the Mean Group Estimator to look at the significance levels.

No analysis using the multidimensional complexity index has been found in the literature.
This situation has led to a focus on analyses made with economic complexity. Can and Dogan
(2018), Nguyen and Su (2021), and Efeoglu (2022) reach the following conclusion: These two
variables have a positive impact. Similar results emerged in this study. However, Nguyen et al.
(2020) found positivity between the two variables in the short term. Negativity has been
detected in the long term. This finding differs from the analysis conducted in this study.
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Because the significance of the long-term relationship was determined in the study. Similarly, as
a result of the study conducted by Sahin and Durmus (2020), it was seen that the data for
Tiirkiye and Mexico were meaningful. It was similar to the results of this study.

As a result, it was found that the change in the technological complexity index affected
financial development more, followed by commercial and research complexity indices. While
financial development is greater in countries where the economy is at a good level, there is also
financial development in countries where economic growth is overflowing. Theoretically, since
commercial, technological and research arguments have a positive effect on economic growth
and this effect is significant, the positive and significant effect resulting from the analysis
supports the theory.

The fact that domestic and foreign sales of sophisticated products provided by
technological development are more effective in financial development shows that the
technological momentum achieved by Brazil, China, India, Russia, and Tirkiye in the E7
countries is in the right direction. However, Indonesia and Mexico need to attach importance to
technological progress in terms of growth, foreign trade, and increasing product diversity.

Since there is no literature on the multidimensional complexity index, it is evaluated in
the context of the economic complexity index. For this reason, the evaluation of this study,
which is thought to contribute to the literature, in the context of the literature is limited.
However, in general, the positive impact of the studies on economic complexity on growth and
financial development is a theoretically expected result. Moreover, the majority of this study's
mean group estimator results are also consistent with the theory. The theoretical hypothesis is
that the multidimensional complexity index increases as financial development increases. This
hypothesis is also valid in the reverse case. The majority of the results of the analysis also
support this hypothesis. The negative effect of Brazil on the commercial complexity index,
China on the technology complexity index, and China and India on the research complexity
index is an indication that financial development is not in good condition in these countries.
Because this is not the theoretically expected result. These countries need to follow policies
towards financial development.

In contrast to the theoretical framework, the analysis reveals a negative and insignificant
relationship between China's technological complexity index and financial sophistication. This
suggests that the country has progressed more slowly in terms of technology due to its shift
towards foreign trade and progress in e-commerce. Therefore, China's policymakers are advised
to emphasize technological and trade progress. The effect of the trade complexity index on
financial development is close to that of the technological complexity index. The trade
complexity index is significant and positive in the E7 countries except Brazil and India due to
the bad condition of Brazil's trade. While Brazil has made significant strides in technological
advancement and innovation, commercial product diversity production remains in the
background. For this reason, it is recommended that Brazil's policymakers pursue policies that
increase foreign trade. When the research complexity index is examined from a theoretical
perspective, it is seen to be less effective than the commercial and technological complexity
index. The analysis result was the same as the theoretical result. However, since E7 countries
are in the middle-income country group, In order to avoid being caught in the middle-income
trap, which is a problem in the growth of the economy, and to get rid of this problem, research
and development studies must accelerate.
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They need to improve their knowledge and skills not only in commercial and
technological development but also in research. The fact that the research complexity index was
significant and positive only in Brazil and Mexico also supports theoretical information.
Because, unlike other countries, the research complexity indices of these two countries have
progressed in an increasing trend.

As a result, it is recommended that policy makers in E7 countries prepare policies that
provide opportunities to support financial development in achieving innovation, technological
progress and sustainable growth targets in the context of multidimensional complexity indices.
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Abstract
The transportation sector is one of the most important sectors in which greenhouse gas
emissions (GHG) are the highest, thus causing the global warming problem to rise. One
of the most effective and international solutions to this problem is considered to be a
technology-oriented struggle, and the development of green technologies is encouraged
by global authorities. The study aims to investigate the success of the technology-
oriented struggle against global warming in the transport sector. In analyses, data on
transportation-related greenhouse gas emissions, the number of patents (transport-related
climate change mitigation technologies), trade openness, and GDP per capita of 12
OECD countries years between 1999-2017 were used. To identify the long-run and
short-run relationship among variables, the Cross-Sectional Autoregressive Distributed
Lags Estimator (CSARDL) and also the Mean Group (MG), Augmented Mean Group
(AMG), and Common Correlated Effects Mean Group Estimators (CCE) were applied.
According to the estimators' findings, no evidence was found that the number of patents
and trade openness affected greenhouse gas emissions, but it was determined that GDP
positively affected greenhouse gas emissions. As a result, it can be said that the
technology-oriented struggle against climate change in the transportation sector alone
isn't sufficient to reduce transportation-related GHG emissions.
Oz

Ulastirma sektorii, sera gazi emisyonlarmin (GHG) en yiiksek oldugu ve dolayisiyla
kiiresel 1sinma sorununun biiyiimesine neden olan en onemli sektdrlerden biridir. Bu
sorunun en etkili ve kiiresel ¢oziimiiniin teknoloji odakli miicadele oldugu diisiiniilmekte
ve yesil teknolojilerin gelistirilmesi kiiresel otoriteler tarafindan tesvik edilmektedir. Bu
calisma, ulastirma sektoriinde kiiresel 1sinmaya karst teknoloji odakli miicadelenin
basarisint dlgmeyi amaglamaktadir. Analiz i¢in 12 OECD iilkesinin 1999-2017 yillart
arasindaki ulastirma kaynakli sera gazi emisyonlari, patent sayist (ulagimla ilgili iklim
degisikligini azaltma teknolojileri), ticari aciklik ve kisi basma diisen GSYIH
verilerinden yararlanilmistir. Bu ¢er¢evede degiskenler arasindaki uzun ve kisa donemli
iligkinin belirlenmesi amaciyla yatay kesit otoregresif dagitilmis gecikme tahmincisi
(cross-sectionally augmented autoregressive distributed lag — CS ARDL) ve ek olarak
Ortalama Grup (Mean Group MG), Artirilmig Ortalama Grup (Augmented Mean Group -
AMG) ve Ortak iligkili Etkiler Ortalama Grup Tahmin Edicileri (Common Correlated
Effects-CCE) kullanilmigtir. Kullanilan tiim tahmin edicilerin bulgularina goére, patent
sayilar1 ve ticari agiklifin sera gazi emisyonlarimi etkiledigine dair herhangi bir kanit
bulunamamus, fakat GSYIH'nin sera gazi emisyonlarini olumlu yonde etkiledigi tespit
edilmistir. Sonug olarak, ulastirma sektoriinde iklim degisikligine karsi teknoloji yonli
miicadelenin, ulagim kaynaklt GHG emisyonlarini azaltmada tek bagina yeterli olamadig:
sOylenebilir.

* The study is an expanded version of the paper “Technology Oriented Struggle Against Climate Change
in Transportation Sector: An Empirical Investigation” at the congress "ECONEFE'23 in Istanbul, Turkey
on 20-21 May 2023.
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Management, nisasecilmis@gmail.com
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1. Introduction

Sustainable development is a broad subject with its cultural, social, economic, spatial, and
environmental dimensions interacting with each other (Kaypak, 2011: 22). However, the most
critical focus lies on the challenges that stem from the inherent interplay between the economy
and nature. Because the continuity of the economic organization depends on ensuring harmony
between the environment and the economy, with policies that will not result in the detriment of
the environment (Kilig, 2012: 207). The transportation sector, which relies on the utilization of
fossil fuels, is one of the sectors that play a leading role in this balance that needs to be
established between the environment and the economy.

The transportation sector, which makes it possible to reach social or economic
opportunities, is directly related to economic growth and development with the space and time
benefit it creates, as well as human well-being, quality of life, social equity, and social inclusion
(Bakker et al., 2014: 337, 338). In the global economic order, where the free movement of
capital, people, services and goods is important, the transportation sector has a very critical
place in terms of its role (Se¢ilmis and Konu, 2021: 249). Years between 2006 and 2020, the
value of transportation services in the world increased from US$ 717,20 bin to US$ 955,20 bin
(33% increase) in terms of imports and from US$ 580,30 bIn to US$ 819,20 bin (41% increase)
in terms of exports (UN, 2021: 286). Increasing passenger and freight transport mobility causes
an increase in transport-related energy demand, as it requires a faster and more flexible transport
system (Intergovernmental Panel on Climate Change [IPCC], 1996: 22). As a result of the
growth and development of the transportation industry, the adverse impact of the sector on
energy use and the environment are also increasing.

Environmental issues stemming from transportation are closely tied to the strategies,
policies, and programs implemented in the field of transport. These adverse effects unfold
gradually over time, often leading to irreversible consequences (Fenley et al., 2007: 64).
Achieving sustainable transportation involves managing the adverse environmental impacts
while simultaneously meeting its economic, and social responsibilities (Longshurst et al., 1996:
199).

Sustainable transportation, which is defined differently in various institutions and
research (Bakker et al., 2014: 343; Ahn and Park, 2022: 1171), in its most basic form; it is the
ability to satisfy the existing transportation demand without the risk of depriving future
generations of their needs, making it an integral part of sustainable development strategies. For
transport to be sustainable, it must fulfill three fundamental criteria: first, the consumption of
renewable resources must not exceed their natural replenishment rates; second, the use of non-
renewable resources should be balanced with the development of sustainable renewable
alternatives; and third, the emission of pollutants should stay within the environment's
assimilative capacity. (Fenley et al., 2007: 64). GHGs, which constitute the most important part
of the pollution emission mentioned in the last condition, trap some of the energy from the sun
in the atmosphere and cause the planet to warm up. GHG gases emitted by the transportation
industry include hydrofluorocarbons (HFCs), chlorofluorocarbons (CFCs), nitrous oxide (N20)
and carbon dioxide (COy). Nitrogen oxide (NOXx) released from aircraft is another type of gas
that creates a radiation effect on ozone (IPCC, 1996: 4). Figure 1 shows the sectoral distribution
of emissions of GHG from energy use. After energy industries, the sector of transportation
stands as the second-largest emitter of GHG emissions.
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Figure 1. Sectoral Distribution of GHG Emissions from Energy in OECD Countries (1990-2020)
Source: OECD

According to the Second Assessment Report (SAR IlI) of the IPCC (1995), which
emphasizes the relationship between the transportation sector and climate change and provides
detailed information, it has been reported that, with the 1990 figures, the three sectors with the
highest energy consumption are industry, housing/trade and transportation and the these sector's
shares of CO, emissions are 45%, 29%, and 21%, respectively. Among these sectors, CO-
emissions from transportation sector energy use have been reported to have recorded the fastest
growth in the last two decades. In the SAR II, three technological developments that can be
made to curtail the transport sector’s GHG emissions are emphasized: alternative energy
sources, infrastructure changes, and energy efficiency improvements. The cost-effectiveness of
technological advances in these three areas may vary according to individual and national level
accessibility to resources, know-how, institutional capacity, technology, and local market
conditions. Energy efficiency improvements include the development of fuel-saving
technologies in vehicles, new designs, techniques, and production lines for this purpose.
Alternative energy sources include the advancement of technologies that enable the production
of fuel from sources of renewable energy, and it is predicted that these fuels can reduce GHG by
at least 80% in vehicle operations. Infrastructure changes include the development of
technologies that will provide convenience in transportation infrastructure and transportation
systems designs, such as traffic and fleet management, transitions between transportation
modes, and thus create GHG-reducing effects (IPCC, 1996).

There are various studies suggested that the political support for the technology-oriented
struggle against climate change has achieved its purpose and is quite effective in the
development of new Technologies (Johnstone et al., 2010; Su and Moaniba, 2017;
Dechezleprétre et al., 2019; Panepinto et al., 2021). In this context, Figure 2 illustrates the
number of patent applications made to the European Patent Office (EPO) between 1990 and
2022 (the data for 2022 reflect the last update date of October 19, and it is possible that the
number of applications will increase further at the end of the year). According to Figure 2, it is
noteworthy that the number of patent applications has an increasing trend, and the rate of
increase has increased considerably, especially after the 2000s. Cumulatively, between 1990 and
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2022, a total of 1,226,226 technology patent applications for efforts to mitigate climate change
within the transportation sector were filed (the cumulative total number of patents for the same
period for all sectors was 76,049,979).
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Figure 2. Quantity of Patents on Transportation CCMTs (Y02T)
Source: EPO

Many countries have agreed to implement the global common goals and measures Under
the purview of the United Nations Framework Convention on Climate Change (UNFCCC) in
the fight against global warming. The advancement, diffusion, and adoption of eco-friendly
technologies are among the most important tools that can be used to achieve these common
goals (Su and Moaniba, 2017; Ferreira et al., 2020). In line with the awareness created and
policies developed in the national and international context, it can be said that innovative
activities towards climate change are given importance at the global level and significant
increases are experienced in the efforts to fight against technology.

As a result of the awareness created and policies developed in the national and
international arena, it is cannot be ignored that innovative activities towards climate change are
given importance at the global level and significant increases are experienced in the efforts to
combat technology. However, the extent to which these innovative activities are successful in
combating climate change bears a question mark. Based on this, the aim of this study is to
explore whether the developed technologies have effectively reduced GHG emissions and to
determine the success of the technology-oriented policy for combating transportation-induced
global warming. More precisely, the aim is to examine the success of the technology-oriented
struggle with climate change for sustainable transportation.

In the literature review, it was determined that there is no study that empirically measures
the GHG emissions reducing effect of technologies developed for climate change directly in the
transportation sector, based on existing data and, it is hoped that the study will contribute to this
gap. For the purpose of the study, the long-term and short-term relationship between greenhouse
gas emissions from transportation and the number of patents (transport-related CCMTs, trade
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openness and GDP per capita were tested using the CSARLD estimator. Additionally, second-
generation panel model estimators MG, AMG, and CCE were used to test the robustness of
CSARDL results. Data from 12 OECD countries between 1999 and 2017 were used in the
analysis.

The study is structured as follows: In the second part, previous academic studies on the
subject will be included; In the third part, the data set and the method will be explained; In
fourth part, the findings will be presented; In the fifth section, the results will be given.

2. Literature Review

The focus of this study is the technology-oriented struggle against climate change. There
are many studies in the literature about technology and climate change. In general terms, it can
be seen that the political support given to the technology-oriented fight against climate change
has achieved its purpose and is quite effective in the development of new technologies, revealed
by various studies in the literature. Dechezleprétre et al. (2013) investigated the factors affecting
technology transfer to reduce greenhouse gas emissions. In the study conducted on 96 countries
between 1995 and 2007, it was stated that restrictions on international trade and foreign direct
investments had a negative impact on the spread of local technological talents and climate-
friendly technologies. In the study by Raiser et al. (2017), in which they examined patents,
intellectual property rights, and innovation in reducing global warming, it was stated that
patents, which economically encourage technology development, pose an obstacle in the fight
against climate change by restricting global access to emission-reducing technologies. Princiotta
(2021) emphasized that greenhouse gas emissions threaten the habitability of the planet in his
review study, and emphasized that there is a need for mitigation actions covering all countries
and sectors as soon as possible in order to limit global warming. R&D on up-and-coming clean
energy and CO, Removal Technologies have been proposed as two important key actions.
Caravella et al. (2021), based on the analysis of patent data on EU CCMTs, stated that there is a
need for a mission-oriented technology policy with low-carbon and energy-reliable additional
directed investments for the complete decarbonization model. Pasimeni et al. (2021) examined
the economies of the US, Europe, Japan, and China in research seeking global evidence of what
has been achieved so far in CCMTs. Among the findings of the study are the issues that these
countries have made significant progress in the technology-oriented struggle, but that there is a
need for more continuous and joint efforts in this struggle, and that international climate
agreements should be supported more in order to encourage clean energy innovation, organize
international cooperation, and increase positive competition.

There are very few studies on technology and combating climate change on the basis of
the transportation sector. Wright and Fulton (2005) examined the scope and cost of reducing
emissions from the transportation sector of developing countries using different options.
Focusing particularly on fuel technology, the study concluded that a diversified package of
measures for mode switching would be the most cost-effective tool in reducing greenhouse gas
emissions. Chapman (2007) examined the effectiveness of technological and behavioral
solutions in reducing GHG emissions from car use, road freight, and aviation. It was stated that
a combination of behavior change and technology development policies could be
countervailing. Feng et al. (2020) aimed to determine the CO2-blocking technology and
efficiency factors related to transportation in China, and it was revealed that the factors that
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make the biggest contribution to reducing CO, emissions are energy-saving technology,
production technology, potential energy density, and production efficiency. Hussain (2022)
analyzed the 2000-2020 data of 35 OECD countries in his study, in which he examined the
effects of transportation-related technologies developed for climate change on the economy and
the environment. According to the analysis, and findings made with CS-ARDL; CCMTs for
transportation have a negative impact on transportation efficiency.

There are also many studies in the literature that develop scenarios to mitigate greenhouse
gas or CO; emissions of the transportation sector (Rajan, 2006; Andres et al., 2011; Stanley et
al., 2011; Dedinec et al., 2013; Miotti et al., 2016; Ulengin et al., 2018; Moreira and Pacca,
2020). In these studies, the importance of technological developments in the fight against
climate change in the transportation sector, some predictions for the future with various
alternative solutions, the effectiveness of existing policies and the fight against climate change
in different transportation modes are discussed. Among these studies, empirical ones are mostly
based on future scenarios and do not analyze the relationship between existing data.

Although there are many studies that test the effectiveness of the technology-oriented
fight against climate change on a macroeconomic scale (Alvarez-Herranz, 2017; Jordaan et al.,
2017; Su and Moaniba, 2017; Al Mamun et al., 2018; Ahmad et al., 2020; Ferreira et al., 2020)
no study with similar content on the transportation sector was found in the literature review. It is
thought that this study will contribute to the literature by measuring how successful innovative
activities in the transportation sector are in combating climate change.

3. Data and Methodology

In this study, we investigated the relationship between greenhouse gas emissions and
innovation in transportation, trade openness and GDP in selected OECD countries. OECD
countries panel group includes Australia, Austria, the United States, Canada, the United
Kingdom, Germany, Denmark, Finland, the Republic of Korea, Switzerland, Netherlands and
Sweden for which data was available. The data used in the study covers the years between 1999
and 2017. Table 1 represent the used variables, symbols of variables and source of data.

Table 1. Used Variables and Data Source

Variable Abbreviation  Data Source
Greenhouse gas emission (Tranportation related) Inghg OECD
Patent numbers (CCMTs related to transportation) Inpt OECD
Trade openess (The sum of a country's exports and imports as a share Into Our World in
of that country's GDP) Data
GDP Per Capita Inpc World Bank

To represent the environmental effect, greenhouse gas emissions have been used, while as
an indicator of innovation, transport-related patent numbers were used. Trade openness and
GDP per capita are also considered as they are directly linked to the transportation sector.
Therefore, these two variables were included in the analysis as control variables.
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Table 2. Descriptive Statistics

Variable Obs. Mean Std.Dev. Min Max

Inghg 228 10,978 1,400 9,292 14,444
Inpt 228 3,614 1,484 0 7,095
Into 228 4,276 0,431 3,098 5,061
Inpc 228 10,702 0,287 9,662 11,363

Descriptive statistics of mean, maximum, minimum, and standard deviation of variables
used in this study are taken part in Table 2. Utilizing the logarithm of the series transforms the
variables into a linear form, thereby minimizing variance. Consequently, employing logarithms
in the analysis of series with diverse fluctuations and substantial numerical values yields more
convenient outcomes for econometric analyses. Therefore all variables have been used in
logarithmic form. In this framework, the model used in the paper is constructed as below:

Inghg = ay + B1lnpt;; + Bylntoy + Bslnpey + & (1)

In this model, Inghg is the dependent variable while Inpt, Intr, and Inpc are independent
variables. 3 represents the partial slope coefficient, &it is error term and a is the intercept.

In this study, firstly the Pesaran (2015) cross-sectional dependence test was used.
According to the results of the cross-sectional dependence analysis, the use of first-generation or
second-generation unit root tests and panel estimators was specified. In line with cross-sectional
dependency test results CIPS unit root test that the second-generation unit root test (Pesaran,
2007) was applied. To detect the heterogeneity of the series, Pesaran and Yamagata (2008)
Slope Homogenity Test was applied. To identify the long-run and short-run relationship among
variables, the cross-sectional autoregressive distributed lags (CSARDL) estimator (Chudik and
Pesaran, 2015) which allows working with series that are stationary at different levels and cross-
sectional dependency was used. Also, for the purpose of testing the robustness of the CSARDL
results, the second-generation panel model estimators were used to analyze the relationship
between the variables in the long run. In this framework, the Mean Group (Pesaran and Smith,
1995), Augmented Mean Group (Eberhardt and Bond, 2009), and Common Correlated Effects
Mean Group (Pesaran, 2006) estimators were applied.

4. Findings

Pesaran's (2015) cross-sectional dependency test was appropriate to detect the presence of
cross-sectional dependence between the variables. According to the test results in Table 3, the
hypothesis that there is no cross-sectional dependence between the data analyzed at a
significance level of 1% for all variables, was rejected. Therefore, for analyzing the stationarity
of the series a second-generation panel unit root test that eliminates the cross-sectional
dependency problem was used.

Table 3. Pesaran (2015) Cross-sectional Dependence Test

Inghg Inpt Into Inpc
CD 3.269*** 22.763*** 18.792*** 32.577%**
Note: *** refers 1% significance level.
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Table 4. CIPS Unit Root Test Results

Constant Constant and Trend
Variables Level First Level First
Difference Difference
Inghg -1.087 - 3.109*** -1.763 - 3.514%**
Inpt - 3.508*** - 3.644%**
Into -1.904 - 3.272%** 1.962 - 3.361***
Inpc -1.315 - 2.449%** -1.188 - 2.769*

Note: *** and * refer to a significance level of 1% and %10 respectively.

In this framework, the results of the applied CIPS unit root test (Pesaran 2015) are in
Table 4. According to the results of the CIPS unit root test in Table 4, it was found that Inghg,
Into and Inpc series were stationary at first differences i.e. 1(1) while Inpt series was stationary at
level i.e. 1(0).

Table 5. Pesaran and Yamagata 2008 Slope Homogenity

t stat p value
A 11.225%** 0.000
Aadj 13.076*** 0.000

Note: *** refers to a significance level of 1%.

According to the Delta heterogeneity test findings in Table 5, the Ho hypothesis can be
rejected at 1% significance level and the series exhibit heterogeneous properties.

Table 6. CS ARDL Estimation Results

Dependent Variable: Inghg

Variable Long Run Short Run
Cofficient / St.Errors/ Variable Cofficient / St.Errors/
(Prob.) (T- Stat) (Prob.) (T- Stat)
Inpt 0.0002943 0.0061177 Alnpt 0.0013331 0.0102236
(0.962) (0.05) (0.896) (0.13)
Intrd 0.0015757 0.0588444 Alntrd -0.0127137 0.0913343
(0.979) (0.03) (0.889) (-0.14)
Inpc 0.3736831*** 0.0700457 Alnpc 0.5790555*** 0.1228687
(0.000) (5.33) (0.000) (4.71)
Ect(-1) -1.507113*** 0.0627812
(0.000) (-24.01)

Note: *** refers to a significance level of 1%.

In Table 6, the results of CS-ARDL estimation results are given. According to the CS-
ARDL test results, no significant relationship was found between GHG and the number of
transportation-related patents and trade openness in the short term and long term. Analysis
results show that there is a positive relationship between GDP per capita and GHG. According
to the coefficient estimates, a 1% increase in GDP per capita causes an increase of 0.57% in the
short term and 0.37% in the long term. According to the results, the ECT which show the
stability of the model, is statistically significant at the %1 significance level and its coefficient is
negative (-1.507113) as expected. The fact that the error term coefficient is negative,
statistically significant, and between -1 and -2 indicates that the system has reached equilibrium
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with gradually decreasing fluctuations in the long term (Alam and Quazi, 2003; Narayan and
Smith, 2006; Karagél et al. 2007; Haciimamoglu, 2023).

Table 7. Panel MG, AMG, CCEMG Estimation Results

Variables MG Coefficients AMG Coefficients CCEMG Coefficients
Inpt - 0.0018137 0.00645575 0.0015637

Intrd - 0.0669059 0.0123082 0.0236089

Inpc 0.3826792 ** 0.6672834 *** 0.5549773***

Note: *** and ** refers to a significance level of 1% and 5% respectively.

The results of Panel MG, AMG, and CCEMG estimation which made for the robustness
check of CS-ARDL estimation results are included in Table 7. For all estimators, no significant
relationship was found between GHG and trade openness and the number of transportation-
related patents. According to MG, AMG and CCEMG coefficient estimates indicate 0,382%,
0.667%, and 0.554 positive correlation between GDP per capita and GHG, respectively. These
test results which made for robustness correspond to CS-ARDL findings.

5. Conclusion

The transport sector is an important source of greenhouse gas emissions due to its energy
consumption and fossil fuel use. These emissions, especially CO, emissions, contribute to
global warming and climate change by increasing the greenhouse gas concentration in the
atmosphere. The transportation sector, which consists of road, sea, air, and railway, is the
second sector with the largest share in total GHG emissions with each component. Therefore,
The transportation sector holds a significant role in addressing climate change.

Measures such as promoting sustainable and low-carbon transport systems, increasing
energy efficiency, using alternative fuels, developing public transport networks and expanding
green logistics practices help minimize the environmental footprint of the transport sector and
be effective in combating climate change. With both global policy makers and academic studies,
it is predicted that the most effective of these measures is technology-oriented struggle.

In the study, in order to investigate the reality of this prediction, the relationship between
GHG (transport originating) and the number of patents (technology developed for climate
change in the transport sector) was tested using 1999-2017 data of 12 selected OECD countries.
Trade openness and per capita GDP, which are directly related to the transport sector, are other
variables used in the analysis. According to the findings of all used estimators, no effect has
been observed that transportation-related climate change mitigation patent numbers and trade
openness affect GHG emissions. However, all estimators indicate that GDP positively impacts
GHG emissions. This finding supports the studies of Mazzarino (2000), Fan and Lei (2016),
Andrés and Padilla (2018), and Ghannouchi et al. (2023) who found a positive correlation
between GDP growth and greenhouse gas emissions from transportation. As economies grow
and develop, the volume of activities such as manufacturing, construction, tourism, and logistics
increases, and accordingly, the need for both private and public transportation vehicles may
increase. The result obtained from this study can similarly be interpreted as increasing economic
growth in selected OECD countries causing an increase in transportation demand and,
accordingly, increasing fuel consumption causing an increase in greenhouse gas emissions.
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According to the result obtained from the study, technologies developed for combating
climate do not have a mitigating effect on climate change. This result supports the study
findings of Chapman (2007), Dechezleprétre et al. (2013), and Raiser et al. (2017) in the
literature. It can be thought that the use of patents has not become widespread, most of them
have not yet started to be used in production methods, and therefore technology diffusion has
not been fully realized. While green technologies are being produced on the one hand, and the
demand for transportation is constantly increasing with the effect of globalization on the other,
this may be the reason why the findings of the study are not compatible with the political
predictions.

As a result, it has been revealed that it is insufficient to combat climate change by
developing technology alone. In addition to the technology-oriented struggle, policy
arrangements based on more holistic solutions are needed, such as encouraging the use of
effective technologies, preventing the provision and use of environmentally harmful
transportation services through taxation and other deterrent regulations, raising the awareness of
society to use environmental technologies and encouraging the use of environmental
technologies. Sustainable transportation will be able to achieve success with globally audited
plans in which social solutions as well as technical solutions are adopted, cared for and
sustained by all economic units.
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Abstract

This study examines the impact of fiscal deficits on stock returns. The sample
covers emerging markets for the period 2016Q1-2021Q4. The analysis results
using panel vector autoregression (PVAR) and Granger causality tests indicate
that fiscal deficits cause stock returns. These results are confirmed for
countries with low and medium levels of financial development and for
European countries. However, in countries with high levels of financial
development such as the BRICS and ASEAN countries, no effect is observed.
It is also found that this effect disappears during the COVID-19 pandemic.
The results of the study question the strong form of the efficient market
hypothesis (EMH). According to the EMH, stock prices should fully reflect all
available information. However, the impact of fiscal deficits on stock returns
in low- and middle-income countries and European countries suggests that
market participants may not fully reflect this information, addressing the
existence possibility of markets that are not efficient in the strong form.

Oz

Bu caligma, biitce agiklarmmin hisse senedi getirileri {izerindeki etkisini
incelemektedir. Orneklem olarak 2016Q1°den 2021Q4’ kadar olan déneme ait
gelismekte olan piyasa verileri kullanilmistir. Panel vektdr otoregresyon
(PVAR) ve Granger nedensellik testleri ile uygulanan analiz sonucunda biit¢e
aciklarinin hisse senedi getirileri tizerinde nedensel bir etkisinin oldugu tespit
edilmigtir. Bu sonuglar, finansal gelismislik diizeyi diisiik ve orta olan iilkeler
ile Avrupa iilkeleri i¢in dogrulayicidir. Ancak, finansal gelismislik diizeyi
yiiksek, BRICS ve ASEAN iilkelerinde herhangi bir etki yoktur. Ayrica,
etkinin COVID-19 pandemi doneminde ortadan kalktigi gozlemlenmistir.
Calisma sonuclari, Etkin Piyasa Hipotezi'nin (EMH) gii¢li formunu
sorgulamaktadir. EMH'ye gore, hisse senedi fiyatlar tiim mevcut bilgileri tam
olarak yansitmalidir. Ancak, finansal gelismislik diizeyi diigiik ve orta olan
iilkeler ile Avrupa iilkelerinde biitce agiklarmmin hisse senedi getirilerini
etkilemesi, piyasa katilimcilarinin bu bilgileri tam olarak yansitamadigini ve
giiclii formda etkin olmayan piyasalarin olabilecegini gostermektedir.
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1. Introduction

Budget deficits play a crucial role in determining the value of financial assets by distorting
the optimal resource allocation. Adrangi and Allender (1998) concatenate the effects of budget
deficits on stock prices using four channels. Firstly, a large budget deficit hurts economic growth
in the short and long run, and it decreases stock prices by harming investor confidence. Secondly,
an unsustainable budget deficit may affect stock prices through inflationary expectations. Thirdly,
compensating the budget deficits by monetizing or increasing tax revenues affects the stock
prices. Lastly, budget deficits adversely affect the competitiveness of domestic products in the
international market, so stock prices decrease through the interest and exchange rates.

Darrat (1988) tests the impact of budget deficits on stock prices for Canada and reports that
there is no impact in terms of available information on fiscal policy. Darrat and Brocato (1994)
investigate the link between the efficiency of the US stock market and six other macro-finance
factors and show that federal budget deficits have an impact on future stock returns. Adrangi and
Allender (1998) scrutinize the effect of budget deficits on stock prices in the USA, Germany,
France, and Japan and reveal that a reduction in budget deficits harms stock prices in the USA
but not others. Tekeli (2007) investigated the effect of budget deficits on stock price movements
(ISE 100). As a result of the study, it was determined that there is no long-term integration
between stock prices and budget deficits and that there is no Granger causality relationship
between these variables. Jansen et al. (2008) analyze the role of fiscal policy on stock and treasury
bonds markets and find no direct link between fiscal policy and asset prices. Laopodis (2012)
examines the relationship between federal budget deficits, interest rates, and the stock market in
the USA and suggests that budget deficits negatively affect stock returns. Agnello and Sousa
(2010) assess the role of fiscal policy on the stock market for ten industrialized countries and
indicate that a positive budgetary shock hurts stock prices. Chatziantoniou et al. (2013) seek the
effects of monetary and fiscal shocks on the stock market performance in Germany, the UK, and
the USA. They highlight the coordination between monetary and fiscal policies for stock market
performance. Stoian and lorgulescu (2020) inquire whether stock market prices include fiscal
policy information for Romania in the short and long run. They reveal that the long-term effect
of fiscal policy on the stock market prices is statistically insignificant, but the short-term impact
is significant. The study conducted by Kaya et al. (2013) examined the relationships between the
IMKB-100 index and macroeconomic variables such as the exchange rate and money supply from
2002 to 2012. The findings indicate a negative relationship between the exchange rate and stock
returns but a positive relationship with the money supply. On the other hand, Sevinc's (2014)
study investigated the relationships between the BIST-30 index and various macroeconomic
variables from 2003 to 2013. While a negative relationship was found between the money supply,
interest rates, gold prices, and stock returns, a positive relationship was observed with the current
account balance, inflation, and the export-to-import ratio. Additionally, no relationship was
identified between exchange rate fluctuations, industrial production increases, and stock market
returns. Koyuncu's (2018) study focused on the relationship between the BIST-100 index and the
industrial production index, inflation, interest rates, and economic growth from 1988 to 2016
using EKK tests. The dynamic EKK findings suggest that industrial production and inflation
positively affect the BIST-100 index, while real economic growth and interest rates have a
negative impact. The results imply that increases in industrial production significantly boost the
BIST-100 index. Guler and Haykir (2023) estimated the effects of budget deficits on the BIST-
100 index for the 2003Q1-2019Q4 period using the ARDL model. The analysis results of the
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study show that although the model is integrated in the long term, there is no statistically
significant relationship between the budget balance and the stock market index. However, in the
short term, a decrease in the budget deficit positively affects the stock market index. Although
there is no statistically significant relationship between GDP, CPI, and exchange rate variables
and the stock market index in the long term, there is a positive relationship between money supply
and the stock market index. There is a negative relationship between interest rate and stock market
index.

Budget deficits have a significant impact on stock market returns in emerging markets.
Studies reveal that budget deficits can influence stock prices positively or negatively based on the
short-term or long-term perspective. Budget expansion tends to boost stock market returns in the
short run, while budget contraction can adversely affect stock performance (Lee et al., 2022;
Khatab, 2022). Additionally, the relationship between budget deficits and stock market returns
can vary across different periods within the same country, as seen in the case of Ghana, where the
impact changed between two sub-samples (Nwakobi, 2020). Furthermore, the nature of the effect
of fiscal policy on stock market development in emerging economies like Nigeria emphasizes the
need for careful accommodation of fiscal policies to support stock market activities and overall
economic growth (Abakah, 2016). Whereas some studies find a positive relationship between
budget deficit and stock market prices (Van Aarle et al., 2003; Grobys, 2013), other studies find
a negative relationship (Ewing, 1998; LAopodis, 2006).

Studies provide different results regarding the impact of budget deficits on stock prices.
These differences may depend on various factors such as countries' economic structures, financial
policies, and market dynamics. Studies explicitly conducted in Tiirkiye show that budget deficits
do not significantly affect stock prices in the long term, but a positive effect is observed in the
short term. This suggests that Tirkiye's economic structure and financial policies may direct
short-term market reactions. This paper investigates whether budget deficits affect stock market
returns and contributes to the existing literature in four-folds. First, the study focuses on emerging
markets rather than analyzing advanced economies or a single country. Second, we investigate
the impact of financial development on the budget deficits and stock returns nexus. Third, this
paper examines the sub-groups of emerging markets such as BRICS, Europe, and ASEAN.
Finally, we study whether the relationship between budget deficits and stock returns differs during
the COVID-19 pandemic.

2. Data and Methodology

We employ panel vector autoregression (PVAR) and panel-granger causality tests for 16
emerging markets using quarterly data of budget deficits to GDP, stock returns, GDP growth,
money supply to GDP, and inflation from 2016Q1 to 2021Q4. This period encompasses critical
years for emerging markets. Additionally, its coverage of the pandemic era is significant for
examining the effects on budget deficits and stock returns, which holds importance in the
literature. Panel Vector Autoregression (PVAR) is a statistical technique used to model the
interactions of multiple variables over time. This technique is achieved by adapting the traditional
vector autoregression (VAR) to cases involving panel data. Panel data includes time series data
for individuals or cross-sections. For example, annual GDP, inflation, and investment rates for
multiple countries are defined as panel data. PVAR analyzes the dynamic relationship between
variables in such cases, considering the lagged effects between them. Panel Granger Causality
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Test is a statistical test used in conjunction with PVAR. It is used to evaluate the causal
relationship between two variables. This test measures one variable's past values' ability to predict
another variable's future values. If one variable's past values significantly predict another
variable's future values, Granger causality is said to exist. PVAR and Panel Granger Causality
Tests do not prove causality but demonstrate a statistical relationship. Interpretation of causality
should be done carefully, and other factors should also be considered. International Financial
Statistics (IFS, 2024) is the primary data source for macro variables. If the data is missing in the
IFS, we collect the data from each country's official government website. We obtain the stock
market returns from Investing.com.

Table 1. Descriptive Statistics

Variable Obs Mean Std. Dev. Min. Max.
Stock Returns 512 8.645 1.608 6.038 11.848
Budget Deficits To GDP 512 -0.028 0.050 -0.418 0.238
GDP Growth 512 0.118 2.185 -0.885 48.612
Money Supply To GDP 512 1.320 3.450 0.0003 11.750
Inflation 512 4.886 0.196 4.625 5.629

Table 1 presents summary statistics for five economic variables, each based on 512
observations. Stock Returns have an average of 8.645 with a standard deviation of 1.608. The
returns range from a minimum of 6.038 to a maximum of 11.848. Budget Deficits to GDP show
an average deficit of -0.028 with a standard deviation of 0.050. The deficits range from -0.418 to
0.238. GDP Growth has an average growth rate of 0.118 with a standard deviation of 2.185. The
growth rates vary widely, from a minimum of -0.885 to a maximum of 48.612. Money Supply to
GDP has an average ratio of 1.320 with a standard deviation of 3.450. The ratios range from a
minimum of 0.0003 to a maximum of 11.750. Inflation has an average rate of 4.886 with a
standard deviation of 0.196. The inflation rates are tightly clustered, ranging from 4.625 to 5.629.

The analysis includes two sections; in the first section, we use the entire sample, and in the
second section, we distinguish countries according to the Financial Development Index of 2018
(latest available data) constructed by IMF and strategic partnership groups, namely BRICS
(Brazil, Russia, India, China, South Africa), Europe (Bulgaria, Croatia, Hungary, Poland,
Romania, Serbia, Tirkiye), and ASEAN (Philippines, Malaysia, Thailand, Indonesia).

To disentangle the impact of budget deficits on stock returns, we estimate the following
PVAR:

Xit = A(L) X1 + i + €3¢ 1)

where Xj is a vector of endogenous variables, A(L) is a matrix of lag operators, i is the country-
specific effect, and & is the error term. Xi; consists of budget deficits to GDP, stock returns, GDP
growth, money supply to GDP, and inflation.

We first investigate the stationary variables and cross-sectional dependency, which are
reported in Table 2. The results indicate that cross-sectional dependency exists and variables are
stationary at the level. Thus, we can employ PVVAR analysis to identify the relationship between
variables. LLC and IPS Tests: Both tests show that the null hypothesis of a unit root can be
rejected at the 1% significance level for all variables (Stock Returns, Budget Deficits to GDP,
GDP Growth, Money Supply to GDP, and Inflation). This implies that these variables are
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stationary. The critical value at the 1% level is -2.38. All CIPS test statistics are more negative
than this critical value, meaning the null hypothesis of a unit root can be rejected at the 1% level,
indicating stationarity. High and significant CD-Test statistics indicate strong cross-sectional
dependence for all variables. Overall, the results suggest that all tested variables are stationary,
meaning they do not contain a unit root, and there is strong evidence of cross-sectional
dependence among the variables.

Table 2. Panel Unit Root Tests

LLC IPS CIPS CD-Test
Stock Returns -16.405***  -16.183*** -5.050*** 33.05%**
(0.000) (0.000) Critical Value at 1% Level: -2.38  (0.000)
. -12.398***  -14.467*** -4.339*** 17.53***
Budget Deficits to GDP = 5 (0.000)  Critical Value at 1% Level: -2.38  (0.000)
-29.697***  -28.219%** -5.757*** 31.46%***
GDP Growth (0.000) (0.000)  Critical Value at 1% Level: -2.38  (0.000)
Money Supply to GDP -3.436*** -1.958** -3.119%** 40.74%**
(0.000) (0.025) Critical Value at 1% Level: -2.38  (0.000)
Inflation -12.523***  -12.699*** -4,029*** 5.76***
(0.000) (0.000) Critical Value at 1% Level: -2.38 (0.000)

Notes: P-values are in the parenthesis. ** and *** show the statistical significance at the 5 and 1 percent
levels, respectively.

3. Empirical Results

Table 3 presents the results of PVAR analysis and panel-granger causality tests. The first
row (column) of Panel A indicates the dependent (independent) variables of PVAR analysis, and
Panel B shows the Granger causality among variables. This paper focuses on analyzing the effect
of budget deficits on stock returns and the effect of the COVID-19 pandemic on this relationship.

The results reveal that reducing budget deficits positively affects subsequent stock returns.
Notably, a one percent decrease in budget deficits leads to a 1.78 percent increase in stock returns.
Similarly, stock returns increase due to a rise in the GDP growth and money supply. On the
contrary, a one percent increase in inflation lowers the stock returns. The insignificant interaction
term indicates that the impact of budget deficits on stock returns disappears during the pandemic.
Granger causality tests support the PVAR analysis, and all independent variables are Granger's
cause for stock returns.
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Table 3. Panel VAR Analysis
Panel A: PVAR Analysis

Stock Budget Deficits GDP Money Supply Inflation
Returns to GDP Growth to GDP
L Stock Returns -0.233** 0.098** 0.361*** -0.438*** 0.014
: (0.115) (0.047) (0.104) (0.142) (0.010)
L. Budget Deficits 1.785*** -0.013 1.739*** -2.336%** 0.041
to GDP (0.666) (0.264) (0.612) (0.886) (0.062)
0.169** -0.035 -0.143* 0.235* 0.006
L. GDP Growth (0.084) (0.034) (0.077) (0.128) (0.007)
L. Money Supply to 0.263** -0.073 0.197* 0.845*** 0.009
GDP (0.121) (0.052) (0.119) (0.184) (0.012)
L. Inflation -3.327** -0.048 -2.240 2.175 -0.147
: (1.607) (0.454) (1.440) (1.812) (0.251)
Covid*Budget 0.429 0.491** -0.227 0.717 0.088
Deficits to GDP (0.584) (0.230) (0.541) (0.795) (0.057)
Panel B: Granger Causality Test
Stock Returns 4.184** 11.877*** 9.456*** 1.833
(0.041) (0.001) (0.002) (0.176)
Budget Deficits to 7.175%** 8.068*** 6.946*** 0.429
GDP (0.007) (0.005) (0.008) (0.512)
4.060** 1.016 3.378* 0.715
GDP Growth (0.044) (0.313) (0.066) (0.398)
Money Supply to 4.700%* 1.933 2.727* 0.628
GDP (0.030) (0.164) (0.099) (0.428)
Inflation 4.284** 0.011 2.422 1.440
(0.038) (0.915) (0.120) (0.230)

Notes: COVID is a dummy variable equal to one when the sample period is between 2020Q1 and
2020Q4 and zero otherwise. Standard errors (in Panel A) and p-values (in Panel B) are in parenthesis. *,
** and *** show statistical significance at the 10, 5, and 1 percent levels, respectively.

Furthermore, we divide the countries into three groups according to the financial
development index and strategic partnerships. The motivation behind the segmentation of the
analysis by countries with different levels of financial development is essential for understanding
how varying financial conditions may influence the relationship between budget deficits and stock
returns. By categorizing countries based on their levels of financial development, the aim is to
determine whether the impact of budget deficits on stock returns varies across these categories.

Table 4 demonstrates the results of sub-groups. Since we focus on the impact of budget
deficits on stock returns, we only present the results accordingly. The results in the financial
development sub-groups show that a decrease in budget deficits positively affects the stock
returns for low and middle financial development groups. In other words, if the country has a
strong financial system, the effect of budget deficits on stock returns disappears. In strategic
partnership groups, a one percent decrease in budget deficits leads to a 1.39 percent increase in
stock returns in European countries, whereas the BRICS and ASEAN countries do not exhibit
significant relations. In addition, budget deficits do not significantly impact stock returns in any
sub-groups during the pandemic.
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Table 4. Sub-Groups Analysis

Dependent Variable: Stock Financial Development Groups Country Groups

Returns Low Middle High BRICS Europe  Asean
o o - - N N *

L. Stock Returns 0058 — “0.153 4 jgpwux gppgees 0190 0307

(0.123) (0209 “yoaey 1oy (0122)  (0.162)

1737 1427** 0509  -0.766  1.397**  0.603
(0.925)  (0.625)  (0.515)  (0.628)  (0.602)  (0.437)
0.042 0.092 0276  0.522%** 0025  0.305
(0.103)  (0.148)  (0.209)  (0.183)  (0.082)  (0.274)
0109  0217* 0267  0.498* 0091  0.752
(0.120)  (0.118)  (0.307)  (0.247)  (0.078)  (0.593)
-0.682  -5.709**  2.033 1.987  -3.783*  -0.176

L. Budget Deficits to GDP
L. GDP Growth

L. Money Supply to GDP

L. Inflation (2.505)  (2.498)  (1.637)  (2.620)  (2.057)  (2.157)
Covid*Budget Deficits to 0544 1247 0117 0003 0057  1.823
GDP (0.848)  (1.237) (0588) (0535  (0.845)  (2.014)
Granger Causality Test
— 3525 5200 0979 1488 5300  1.004
Budget Deficits to GDP (0.060)  (0.023)  (0.323) (0.223)  (0.020)  (0.168)
0.164 0386 1744 8105%** 0091  1.235
GDP Growth (0.685)  (0.535)  (0.187)  (0.004)  (0.763)  (0.266)
Money Suooly to GOP 0.832  3353* 0758  4.062** 1366  1.608
y Supply (0.362)  (0.067)  (0.384)  (0.044)  (0.242)  (0.205)
nflation 0074  5220** 1541 0686  3.382*  0.007

(0.785) (0.022) (0.214) (0.448) (0.066)  (0.935)
Notes: COVID is a dummy variable equal to one when the sample period is between 2020Q1 and
2020Q4 and zero otherwise. Standard errors (in Panel A) and p-values (in Panel B) are in parenthesis. *,
** and *** show statistical significance at the 10, 5, and 1 percent levels, respectively.

4. Conclusion

This paper explores the link between budget deficits and stock returns in emerging markets.
The results show a positive and significant impact of a decline in budget deficits on stock returns,
which is valid for the low and middle financial development groups and European countries. We
also find no evidence for countries with high financial development, such as BRICS and ASEAN.
Furthermore, the positive effect of a decline in budget deficits no longer exists in the COVID-19
pandemic period.

According to the Efficient Market Hypothesis (EMH), stock prices fully reflect all available
information, implying that it is impossible to consistently outperform the market through
informed trading strategies, as all relevant information is already incorporated into stock prices.
However, the observation that budget deficits consistently influence stock returns in certain
financial development groups or regions suggests that market participants may not be fully
effective in incorporating this information into stock prices. Therefore, the results indicating a
significant impact of budget deficits on stock returns call into question the strong form of the
EMH, which posits that stock prices reflect all available information, including insider
information. This raises the possibility of market inefficiencies in the affected regions or groups,
where investors may be able to generate abnormal returns by exploiting the relationship between
budget deficits and stock returns. Our study aligns with existing literature, showing that reducing
budget deficits positively affects stock returns in countries with low and middle levels of financial
development (Darrat, 1998; Darrat and Brocato, 1994). Additionally, Adrangi and Allender
(1998) found that while reducing budget deficits negatively affected stock prices in the USA, no
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such effect was observed in other countries. This finding is consistent with our study, which
observes no significant impact in highly financially developed countries, as well as in BRICS and
ASEAN countries. Tekeli (2007) found no long-term relationship between budget deficits and
stock prices in Tiirkiye. Similarly, Giiler and Haykir (2023) reported a positive short-term effect
of budget deficits on stock prices in Tiirkiye but no statistically significant long-term relationship.
Our study underscores the positive impact of budget deficit reductions in countries with low and
middle levels of financial development, suggesting a similar dynamic may be present in emerging
markets like Tiirkiye. The study also highlights the extensive impact of the pandemic on economic
dynamics and the changing role of traditional fiscal policies on market responses during this
period. The pandemic era should be considered an exceptional period that requires a re-evaluation
of conventional economic relationships.

In conclusion, the impact of budget deficits on stock returns is a complex and multifaceted
issue. Country-specific factors, financial development levels, and temporal conditions are crucial
in this relationship. This study provides significant insights into emerging markets. It makes
invaluable contributions to the existing literature and emphasizes the importance of financial
development levels when assessing the influence of fiscal policy on stock markets. Overall,
governments determine their priorities regarding budget deficits and stock returns nexus
according to the level of financial development. Countries with lower financial development
should employ austerity policies to decrease their budget deficits, whereas those with higher
financial development should continue to support their financial systems since the stock returns
include all publicly available information in these countries.
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THE IMPACT OF ECONOMIC FACTORS ON PUBLIC HEALTH
EXPENDITURE IN TURKIYE: PRINCIPAL COMPONENT
ANALYSIS EVALUATION FOR THE PERIOD 2002-2022

Tiirkiye'de Ekonomik Faktorlerin Kamu Saghk Harcamalari Uzerine Etkileri:
2002-2022 Yillar1 Arasi Donemin Temel Bilesenler Analizi ile Degerlendirilmesi

Zeynep OZMEN"

Abstract
This study analyzes the economic factors affecting public health expenditure
in Tirkiye from 2002 to 2022. The main objective is to identify the economic

Keywords: reasons for the decreasing share of public health expenditure in Gross
Principal Component Domestic Product (GDP). It examines macroeconomic variables such as GDP
Analysis, per capita, unemployment rate, labor force participation rate, consumer price
Health Expenditure, index, tax revenue, and exchange rate using principal component analysis
Economic Factors (PCA). The results show that GDP per capita, exchange rate, and tax revenue

significantly impact public health expenditure, indicating a direct relationship
JEL Codes: between economic growth and health spending. The unemployment rate does
H51, 115, C32 not directly affect public health expenditure, while an increase in labor force

participation rate can reduce it. This study underscores the importance of
macroeconomic stability and effective economic policies for sustainable health
financing in Tirkiye. By using long-term data, it provides a comprehensive
analysis of how economic factors impact health expenditure, distinguishing it
from other studies in the literature. The findings emphasize that a healthy
economy leads to increased public investment in health services.
Oz
Bu ¢alisma, 2002-2022 yillar1 arasinda Tiirkiye'de kamu saglik harcamalarini
etkileyen ekonomik faktorleri analiz etmektedir. Temel amag, kamu saglik
harcamalarinin  Gayri Safi Yurt I¢i Hasila (GSYIH) igindeki payinmn
azalmasmin ekonomik nedenlerini belirlemektir. Temel bilesenler analizi
(PCA) kullanilarak kisi basina GSYIH, issizlik orani, isgiiciine katilim orani,
tilketici fiyat endeksi, vergi geliri ve doviz kuru gibi makroekonomik
degiskenler incelenmistir. Sonugclar kisi basina diisen GSYIH, déviz kuru ve
JEL Kodlar: vergi gelirinin kamu saglik harcamalarini 6nemli OSlglide etkiledigini ve
H51, 115, C32 ekonomik biiyliime ile saglik harcamalart arasinda dogrudan bir iligki oldugunu
gostermektedir. Issizlik oram1 kamu saglik harcamalarimi  dogrudan
etkilemezken, isgiicline katilim oranindaki artis harcamalar1 azaltabilmektedir.
Bu calisma, Tiirkiye'de siirdiiriilebilir saglik finansmani i¢in makroekonomik
istikrarin ve etkili ekonomi politikalarinin énemini vurgulamaktadir. Uzun
vadeli verileri kullanarak, ekonomik faktorlerin saglik harcamalarini nasil
etkiledigine dair kapsamli bir analiz sunmakta ve literatiirdeki diger
caligmalardan ayrilmaktadir. Bulgular, saglikli bir ekonominin saglik
hizmetlerine  yapilan kamu yatinmlarmin  artmasmna yol actigimi
vurgulamaktadir.
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1. Introduction

In recent years, understanding the dynamics of public health expenditure and the factors
that influence it has become increasingly important for both policymakers and researchers.
These expenditures are recognized as an indicator of how much governments invest in health
services and directly impact overall public health, accessibility, and quality of health services
(Yetim et al., 2021). Particularly in developing countries such as Tiirkiye, understanding the
impact of economic factors on public health expenditure is crucial for developing and
implementing effective health policies (Esen and Celik Kegili, 2022).

Healthcare expenditure represents a large proportion of GDP in all Organisation for
Economic Co-operation and Development (OECD) countries and has increased significantly in
recent decades (OECD, 2024). For example, median health expenditure in the OECD increased
from 3.8% in 1960 to 7.9% in 1990 (Anderson et al., 2000). OECD health data for the period
1975-2004 also show that growth in health expenditure per capita has consistently exceeded
growth in GDP per capita (Nghiem and Connelly, 2017). Moreover, the growth in health
expenditure is faster in wealthier countries, and the health sector accounts for a larger share of
GDP in these countries. For example, in the United States, the richest country in the OECD,
health expenditure as a proportion of GDP was 5.2% in 1960, 14.0% in 1998, and 17.3% in
2022 (Vankar, 2024).

Looking at current health indicators in Tiirkiye, the ratio of health expenditure to GDP
increased from 4.6% in 2000 to 5.5% in 2009. After the 2008 social security reform, health
expenditure started to decline steadily, finally falling below 5% in 2011 and reaching 4% in
2022, about half of the OECD average of 8.8% (TURKSTAT, 2023). The same pattern can be
observed for out-of-pocket spending by households in Tiirkiye; while it was 28.6% in 2000, it
started to decline rapidly after 2008, falling to 14.51% in 2009 (World Bank Open Data, 2023).
In 2020 it was 16.43% and in 2022 18.5% (TURKSTAT, 2023). Although this situation points
to the positive effects of universal health coverage, the share of out-of-pocket health expenditure
by households in total expenditure on health services raises questions about the sustainability of
financing (Siilki and Caner, 2011; Kara, 2013; Yavuz et al., 2013; Aboubacar and Xu, 2017;
Focacci, 2023). In Tiirkiye, which has the lowest ratio of health expenditure to national income
among OECD countries (8.8 %), out of every 100 liras of general health expenditure, 78 liras
are covered by the public sector and the remaining 22 liras by individuals (Euronews, 2022).

The reasons for the increase in health expenditure are complex and multidimensional in
the literature. Studies on the factors influencing public health expenditure show that, contrary
to common perception, the direct impact of population aging on health expenditure is rather
limited (Bieszk-Stolorz and Dmytréw, 2023), while macroeconomic indicators such as GDP at
(Peker Say and Yiicel, 2006; Topcu and Atasayar, 2020; Boyacioglu and Terzioglu, 2022;
Soyiik, 2023), consumer price index (Erdogan and Erdogan, 2023), exchange rate (Esen and
Celik Kecili, 2022) and labour force participation rate (Coskun Yilmaz, 2023) play an important
role (Kurt, 2015; Atilgan et al., 2017; Piabuo and Tieguhong, 2017; Liu et al., 2019). However,
in the existing literature, the effects of these factors are usually analyzed in isolation, and their
complex interactions are not sufficiently addressed. This paper aims to fill this gap by
comprehensively analyzing how these economic factors together affect public health
expenditure in Tirkiye.
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To effectively analyze the multifaceted nature of health expenditures, PCA is widely used
in the literature. PCA helps in reducing the dimensionality of complex data sets and identifying
the main components that influence health expenditures. For example, Munsur et al. (2009)
used PCA to analyze household out-of-pocket health expenditures in Bangladesh and found that
drug expenditures constitute a larger component compared to other health expenditures. Chao
and Wu (2017) utilized PCA loadings to weight variables from the Medical Expenditure Panel
Survey data and created data-driven indices. Similarly, Guo et al. (2008) applied PCA to
analyze drug expenditure and utilization trends in the US Medicaid programs, identifying
expenditure and utilization patterns. Wanzala et al. (2019) assessed the performance of health
systems in Kakamega County, Kenya, using PCA, and identified components that significantly
impact health service delivery. Additionally, Getzen and Poullier (1992) demonstrated that the
increase in health expenditures in OECD countries is largely related to policy and expenditure
management rather than demographic factors, associating it with medical advancements.
Reimers and Powell (2001) analyzed the relationship between health expenditures and GDP in
OECD countries, showing that health expenditures are determined by income and medical
progress. Zhang and Wan (2023) used grey correlation and PCA methods to analyze the factors
affecting health expenditures in China and predict future trends. These studies show that PCA is
a powerful tool in analyzing health expenditures and services, providing significant insights into
the impacts of economic, social, and demographic factors.

By employing PCA in this study, I aim to provide a comprehensive understanding of how
various economic factors collectively influence public health expenditure in Tirkiye. This
approach allows us to identify the primary components that significantly impact health
expenditure and to analyze their interactions in a multidimensional framework. PCA helps
address the complexity and multidimensionality of the factors influencing health expenditures,
providing a more holistic view compared to traditional single-factor analyses.

The study is structured as follows. The second section consolidates the theoretical
underpinnings of the study through a comprehensive review of the literature behind the study.
Section 3 describes the data used, the data sources, the research questions, and the methodology.
The empirical analysis is presented in the fourth section. This study uses PCA followed by
regression analysis to understand the impact of economic factors on public health expenditure
(PHE). PCA was chosen to reduce the original dataset's multidimensionality and address
multicollinearity issues. This method simplifies the strong correlations between the variables in
the dataset, creating a smaller number of independent components. These components are then
used as independent variables in the regression analysis. Newey-West standard errors were used
in the regression model because the assumptions of freedom from error (autocorrelation) and
homoscedasticity (constant variance) were not fully met in the initial analyses. The Newey-
West method provides robust standard errors against both autocorrelation and
heteroskedasticity, making the model estimates more reliable. The fifth section summarizes the
main findings and draws conclusions on the impact of economic factors on public health
expenditure. In the last section, the limitations of the study and suggestions for future research
are presented.

Considering the unique conditions of Tiirkiye and the impact of public investment in
health services, this study provides an in-depth understanding of the relationship between health
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expenditure and economic factors and helps policy makers to develop strategic
recommendations for the sustainability of public health expenditure.

2. Background

The trends and determinants of health expenditure in OECD countries have been analysed
extensively and the main determinants of health expenditure growth have been found to be:
income growth (Panopoulou and Pantelidis, 2011; Wang, 2015), education (Yetim et al., 2021),
population ageing (Pekkurnaz, 2015; Jakovljevic et al., 2020), technological progress (Nghiem
and Connelly, 2017) and health insurance penetration (Lorenzoni et al., 2014).

This may indicate the positive impact of universal health coverage (Dorlach and Yegen,
2023). A similar trend can be observed for voluntary health payment schemes in Tiirkiye, which
fell from 0.4% of GDP in 2000 to 0.3% in 2009 and 0.2% between 2011 and 2019 (Ministry of
Family, Labor and Social Services, 2020).

These percentages may not necessarily mean that individuals are paying more for
healthcare. On the contrary, due to the 2008 Social Security reform and the expansion of
universal health coverage, more people are gaining access to healthcare services, and out-of-
pocket expenses for individuals are decreasing. The reduction in the ratio of health expenditure
to GDP may indicate that the government is able to deliver healthcare services more efficiently,
thereby reducing the financial burden on citizens. For low-income households, this can reduce
health inequalities and improve overall health conditions. The increase in out-of-pocket health
expenditures from 16.43% in 2020 to 18.5% in 2022 may indicate increased demand for and
utilization of healthcare services due to the pandemic. Additionally, this increase might signal
the need for more accessible and effectively managed health expenditures overall. The decrease
in health expenditures as a percentage of GDP may be associated with the more efficient and
preventive delivery of healthcare services, which is a positive development that enhances
overall quality of life.

It is well known that Tiirkiye has a national health system; therefore, health expenditure is
a significant part of the composition of government expenditure. Although researchers and
health professionals occasionally question the efficiency of the health system and health
spending, especially during periods of high workload such as epidemics and pandemics
(Erdogan and Erdogan, 2023), there are very few studies that examine the impact of economic
factors on health spending.

The literature indicates that the increase in real per capita income, technological
innovations, the widespread use of insurance for medical treatment and the ageing of the
population play an important role in the increase in health expenditure (Siilkii and Caner, 2011;
Kara, 2013; Yavuz et al., 2013; Focacci, 2023). Senol's (2021) study begins by highlighting that
the economic crises of 1994, 2001 and 2009 significantly negatively impacted public health
expenditures and health indicators. The economic difficulties experienced during these crises
led to a decrease in public funding for health services, leading to decreased access to health
services and general health indicators. The study shows that these negative effects were caused
not only by economic conditions but also by the political preferences of the time.
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Another important study by Atilgan et al. (2017) analyses the impact of health spending
on economic growth in Tirkiye. The results, which support the health-led growth hypothesis,
show a positive relationship between health expenditures and economic growth. This suggests
that investment in health services has a positive impact not only on human capital, but also on
overall economic performance.

Sparkes et al. (2019) discussed how health financing reforms are a political process and
how these reforms trigger political challenges by affecting the distribution of interest groups. In
their study, they highlighted the importance of political economy analysis in addressing the
political challenges encountered during the reform process. Specifically, the reforms in Tirkiye
have led to significant improvements in the financing of and access to health services, but have
also created a number of political challenges. Similar findings have been observed in studies
conducted in both Tiirkiye and other countries.

For instance, Akdag (2011) examined the impact of the Health Transformation Program
on the Turkish health system and noted that while the reforms improved access to health
services, they also posed challenges for financing sustainability. Sayan and Yildirim (2012)
analyzed the distribution of health expenditures in Tirkiye and assessed the social justice
implications of the reforms. Another study by Erus and Hatipoglu (2017) explored the political
dimensions of health reforms in Tirkiye, detailing the political and economic impacts of the
reforms and discussing measures to address inequalities in access to health services.

Additionally, Wendt et al. (2010) examined the political effects of health system reforms
in European countries, highlighting the role of interest groups. Yip and Hsiao (2008) discussed
the health reforms in China, detailing the political and economic obstacles encountered during
implementation. Roberts et al. (2008) emphasized the necessity of strong political support and
stakeholder involvement for the successful implementation of health reforms.

Taking these studies together, the independent variables affecting public health
expenditures have been analyzed taking into account Tiirkiye's economic structure. It has been
frequently emphasized in the literature that macroeconomic variables such as GDP per capita,
unemployment rate, labor force participation rate, consumer price index, tax revenue and
exchange rate have significant effects on health expenditures (Esen and Celik Kegili, 2022;
Coskun Yilmaz, 2023; Atilgan et al., 2017; Erdogan and Erdogan, 2023). In addition, GDP per
capita is an important indicator for evaluating the impact of economic growth and welfare level
on health expenditures in PCA analyses. This variable was used as income or GDP in the
studies by Chao and Wu (2017), Getzen and Poullier (1992), Reimers and Powell (2001) and
Zhang and Wan (2023). Tax revenues, which have a direct impact on health expenditures, have
also been analysed in the context of health expenditure financing and budget in studies by
Getzen and Poullier (1992) and Aboubacar and Xu (2017).

However, unlike the studies in the literature, this study allows policymakers and
researchers to approach the issue from a more holistic perspective by evaluating the impact of
multiple economic factors on health expenditures simultaneously. In this way, more informed
decisions can be made in the development of health policies and management of public health
expenditures.
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3. Data and Methodology
3.1. Data and Data Sources

In this study, the effect of economic factors on public health expenditure in Tiirkiye in the
period 2002-2022 is analyzed by performing PCA using STATA 18 program. The analysis was
performed using annual data. The abbreviations, explanations and sources of the variables used
in the study are shown in Table 1.

Table 1. Study Variables

Variables Unit Description Source
Dependent Variable

PHE TL Public health expenditures Turkstat
Independent Variables

GDP per capita TL GDP per capita Turkstat
LFPR % Labor force participation rate Turkstat

CPI % Consumer price index Turkstat

FER $ Foreign exchange rate Turkstat
UNR % Unemployment rate Turkstat
TAX TL Tax revenues Ministry of Finance

3.2. Methodology

There are several reasons for using PCA as a method. The first is to reduce
multicollinearity. Economic indicators are often highly correlated with each other. For example,
GDP per capita and public health expenditure may have a linear relationship. PCA reduces this
multicollinearity by allowing each principal component to carry independent information. PCA
also helps identify the data set's main trends and patterns (Alan, 2021). It is important to see
more clearly the impact of economic indicators on public health expenditure. The third reason is
that PCA reduces the independent variables to a smaller number of principal components,
making it easier to interpret which factors are more dominant and their potential impact on
public health expenditure.

According to the analyses carried out in the paper, the formula of PCA can be explained
as follows:

(i) For each economic indicator (e.g. GDP per capita, CPI, TAX), the values are averaged
and divided by the standard deviation. This process eliminates scale differences between
variables.

Xjj = s D

where x;; is the original value, X; is the mean of the jth variable, s; is the standard deviation of
the jth variable and x;; sis the standardized value.

(i) The covariance matrix of the standardized data is calculated. This matrix contains
variances and covariances between variables.

C =

n—1XTX )
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(iii) The eigenvalues and eigenvectors of the covariance matrix are calculated. Large
eigenvalues represent the main sources of variance in the data set.

(iv) Principal components that explain a certain percentage of the total variance are
selected. These components are a compressed form of the information in the original data set.

3.3. Research Hypotheses

The hypotheses that define the scope of the study and will help to understand in depth the
relationship between public health expenditure and economic factors are as follows:

H;: Between 2002 and 2022, certain economic factors significantly influence public
health expenditure in Tiirkiye.

H,: Macroeconomic variables such as GDP per capita, unemployment rate, labor force
participation rate, consumer price index, tax revenue, and exchange rate have a significant
impact on public health expenditure in Tirkiye.

Hs: The unemployment and labor force participation rates directly and indirectly
significantly affect public health expenditure in Tirkiye.

H4: Tirkiye's public health expenditure is resilient to economic fluctuations, implying
health financing sustainability.

4. Results
4.1. Descriptive Statistics

Before starting the analysis, descriptive statistics (such as mean, median, standard
deviation, minimum, and maximum) were obtained for each variable to understand the general
structure of the dataset (Table 2).

Table 2. Descriptive Statistics

PHE G;;E’:r LFPR CPI FER UNR TAX
Mean 9.73e+07  33998.05  48.81952  14.99095 3.878571 11.01429 5.21e+ll
Std. dev. 1.07e+08  38537.99  3.103637  13.70628 4.414437 1.234215 6.06e+11
Minimum 1.33e+07 5486 435 6.16 1.16 9.2 5.96e+10
Maximum 4.64e+08 176651 53.2 64.27 18.7 14 2.71e+12
Variance 1.14e+16  1.49e+09  9.632565  187.862  19.48725 1.523286 3.67e+23
Skewness 2241414  2.64008 -0.0215083 2546138 2.323885 1.199488 2.470779
Kurtosis 7820355  10.11822 176071  9.187042 7.695656 3.806551 9.238639

From the observed values, the variables PHE, GDP per capita, and TAX especially have
rather high maximum values and large variances, suggesting that these variables may have
heavy tails and potentially high skewness (Table 2). This could mean that the assumption of
normal distribution is violated and should be considered in the analysis. Given the statistical
characteristics of the data, histograms were plotted for each variable to understand the variables'
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distribution better. These graphs show the shape of the distributions of the variables and
possible outliers. The relationships between the variables were then analyzed using the
correlation matrix.

The histogram of public health expenditure shows large values with very low frequencies,
and most of the distribution is concentrated in low values. This indicates that in some periods
(e.g., COVID-19), health expenditure can be exceptionally high (Figure 1).

The CPI histogram shows mostly low values, with the distribution narrowing at the other
extreme for higher values. This suggests that low levels of inflation are more common overall
but that there are also occasional periods of high inflation (Figure 2).

An analysis of the unemployment rate histogram shows that it is mainly concentrated
between 10 and 11. This indicates that the share of the unemployed in the labour force is
generally concentrated in a narrow range. This reflects the dynamics of the labor market, which
may be influenced by macroeconomic stability or specific policy interventions (Figure 3).

The activity rate histogram shows that it is concentrated around a certain value (around
48) and that other values are less frequent. The participation rate can be assumed to be more
homogeneously distributed in the data set, and the labor market has a relatively stable structure
(Figure 4).
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Figure 1. Public Health Expenditures Figure 2. Consumer Price Index
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Figure 3. Unemployment Rate Figure 4. Labor Force Participation Rate
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The exchange rate histogram shows that it has very low values at a low frequency, and
a large part of the distribution is at higher values. This suggests that it tends to cluster around a
particular value and may be a more volatile variable (Figure 5).

The histogram of tax revenue shows that there is a single class (the leftmost class) with a
large value, and then the distribution drops rapidly. This shows that most tax revenues are low,
but the distribution is characterized by a small number of high tax revenues (Figure 6).

The histogram of GDP per capita shows high values with a low frequency, which is
usually characteristic of large economies. It also shows a higher frequency at lower values,
indicating that the number of people with lower income levels is greater. This indicates a wide
range of levels of economic activity and inequalities in income distribution (Figure 7).
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4.2. Correlation

The pairwise correlations of the variables were calculated to understand the strength and
direction of the relationship between each pair of variables. The correlation matrix calculates the
Pearson correlation coefficients between each variable and presents them in a matrix format.
Correlation coefficients take values between -1 and +1, where +1 indicates a fully positive

B —————————————
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linear relationship, -1 indicates a fully negative linear relationship, and O indicates no
relationship. High positive or negative values in the correlation matrix indicate a strong
relationship between the relevant variables. If such a relationship is found, it is important to
consider how to combine these variables in the PCA. Also, very high correlations (e.g. 0.8 or
higher) may indicate multicollinearity problems, in which case PCA may be useful to address
these problems.

Table 3. Pearson's Correlation Coefficients

Variables PHE GDP percapita LFPR CPI FER TAX UNR
PHE 1.0000

GDP per capita 0.9926 1.0000

LFPR 0.6041 0.5988 1.0000

CPI 0.8256 0.8463 0.4723  1.0000

FER 0.9903 0.9795 0.5911  0.8722  1.0000

TAX 0.9959 0.9992 0.6149  0.8378 0.9826 1.0000

UNR 0.1587 0.1005 0.1362 -0.0908 0.1330 0.1126 1.0000

This correlation matrix shows the strength of the relationships between the variables in
the dataset (Table 3). A very high correlation (0.9926) was found between PHE and GDP. This
shows that health expenditure is generally closely related to the size of a country's economy. It
suggests that, in general, the larger a country's economy, the more resources it can allocate to
health services.

There is also a very high correlation (0.9903) between PHE and FER. This shows that
changes in exchange rates can have a large impact on health expenditure. The high correlation
may be because many medical supplies and pharmaceuticals are imported, and fluctuations in
exchange rates directly affect the cost of these imports. As a result, when the local currency
depreciates, the cost of imported medical goods increases, leading to higher public health
expenditure.

The correlation between PHE and TAX is also very high (0.9959). This indicates that
health expenditure is closely related to tax revenue, showing that health expenditure receives
significant financing from the government budget when tax revenue increases. This relationship
can be attributed to the structure of the government's budget allocation process, where increased
tax revenue allows for more funds to be directed towards public services, including health.
When the economy performs well, and tax revenues are high, the government has more
financial resources to allocate to the health sector, enhancing the overall quality and
accessibility of healthcare services.

The correlation between CPI and GDP per capita is also high (0.8463), indicating that
there is a significant relationship between the size of the economy and consumer prices. On the
other hand, the correlations between UNR and other variables are relatively low. This suggests
that the unemployment rate may tend to move independently of other economic indicators, that
unemployment may not be influenced by certain aspects of economic conditions, or that other
factors may play a role in unemployment.
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Given the high correlations in the data set, PCA was used to reduce its size and overcome
the problems of multicollinearity. PCA simplifies the relationships between variables in the
dataset by extracting independent principal components from highly correlated variables.

4.3. Principal Component Analysis

The first three principal components in the PCA analysis explain 96.95% of the total
variance (Tables 4, 5, and 6). This is quite high and is generally considered sufficient for
analysis. This means that they reflect most of the information in the data set. The first
component alone explains 73.59% of the variance, indicating that it is a very strong component.

Table 4. Summary of Principal Components Analysis

Principal

Components/Correlation Number of obs 21
Number of comp. 7
Trace 7

Rotation: (unrotated = principal) Rho 1.0000

The eigenvectors (weights of the principal components) show the relationship of each
principal component to the original variables. For Compl, PHE, GDP, FER, and TAX have
high positive weights, indicating that these four variables largely explain this component. This
could represent the economic size and financial position. Comp2 is particularly dominated by
the variable UNR. This suggests that the unemployment rate may move independently of the
other variables and that this component may capture the impact of unemployment on economic
factors. Comp3 is dominated by LFPR and is a component that captures labor market dynamics.

To calculate the scores of the components in the analysis, principal component scores are
generated for each observation, and then regression analyses are performed using these scores.
This analysis is important for understanding which economic factors influence public health
expenditure. In this way, ‘pcl’, ‘pc2’, and ‘pc3’ variables were created. This means that most of
the variance between the variables in the dataset is explained by the first four principal
components.

Table 5. Eigenvalue and Cumulative Variance Table

Component Eigenvalue Difference Proportion Cumulative
Compl 5.15117 4.10204 0.7359 0.7359
Comp2 1.04914 0.462684 0.1499 0.8858
Comp3 0.586452 0.394502 0.0838 0.9695
Comp4 0.191949 0.17173 0.0274 0.9970
Comp5 0.0202194 0.0192176 0.0029 0.9998
Comp6 0.00100179 0.000931681 0.0001 1.0000
Comp7 0.0000701121 0.0000 1.0000
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When the loadings (eigenvectors) of the principal components are analyzed, the effects of
each variable on the first four principal components are observed. For example, the variables
‘PHE,” ‘GDP,” ‘FER’, and ‘TAX’ have very high loadings on the first principal component
(Compl). This indicates that the first component is largely explained by these variables and that
these variables represent economic size or financial condition.

Table 6. Load Vectors of Principal Components

Variable Compl Comp2 Comp3 Comp4 Comp5 Comp6 Comp7
PHE 0.4350 0.0343 -0.1179 -0.2766 -0.1785  -0.7784  -0.2853
GDP per capita 0.4350 -0.0248 -0.1100 -0.2522 0.5064 0.4304  -0.5411
LFPR 0.2984 0.1614 0.9339  0.1110 -0.0098 0.0016 -0.0171
CPI 0.3874  -0.2555 -0.1792  0.8517 0.12908  -0.1013  0.0035
FER 0.4352  -0.0023 -0.1398 -0.0584  -0.7665 0.4453  0.0425
TAX 0.4359  -0.0092 -0.0874 -0.2730 0.3223  -0.0099  0.7897
UNR 0.0542 0.9523 -0.2062  0.2103 0.0574 0.0128  0.0077

In the next step, a regression model was constructed to understand the impact of
economic factors on public health expenditure using these principal component values.

PHE = By + 1 PCl+ B, PC2+ B3 PC3+€ (3)

Here PHE is public health expenditure. PC1,PC2,PC3 are the principal components
obtained by PCA. B, , B1, B2, B3 are regression coefficients, and € is the error term.

Table 7. Principal Components Regression Analysis Results

Source SS df MS Number of obs 21

F@3, 17) 349.82
Model 2.2480e+17 3 7.4935e+16 Prob > F 0.0000
Residual 3.6416e+15 17 2.1421e+14 R-squared 0.9841

Adj R-squared 0.9812
Total 2.2845e+17 20 1.1422e+16 Root MSE 1.5e+07
PHE Coefficient Std. Err. t P>|t| [95% conf. interval]
pcl 4.65e+07 1441963 32.24 0.000 4.34e+0 4.95e+07
pc2 3669434 3195150 1.15 0.267 -3071744 1.04e+07
pc3 -1.26e+07 4273572 -2.95 0.009 -2.16e+07 -3582652
cons 9.73e+07 3193835 30.47 0.000 9.06e+07 1.04e+08

Note: The p-values indicate statistical significance: p < 0.05

According to the results of the regression analysis carried out in the study (Table 7), The
model explains 98.41% of the observed variance (R-squared = 0.9841), which is very high and
indicates that the model represents the data well. The F-test (Prob > F = 0.0000) indicates that
the model is statistically significant, which means that at least one of the independent variables
in the model has a significant effect on PHE. The coefficient of ‘pcl’ is approximately 46.5
million, indicating that the first principal component positively and strongly affects PHE. The p-
value of this component is 0.000, which is highly statistically significant. The first principal
component (PC1) obtained from the analysis is identified as the main factor influencing a large
proportion of health expenditure. High positive loadings indicate that the variables PHE, GDP
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per capita, FER and TAX strongly relate to this component. In other words, the larger and
healthier the economy, the higher the public expenditure on health. The coefficient of ‘pc2’ is
about 3.67 million, but the p-value of this component is 0.267, which is not statistically
significant. UNR has a high weight on this component. This suggests that this factor does not
have a direct effect on health expenditure or that its effect is masked by other factors. The
coefficient of ‘pc3’ is about -12.6 million and the p-value is 0.009, which means that this
component has a negative and statistically significant effect on the GHE. The LFPR has a
significant impact on this component and tends to reduce public health expenditure. The fact
that the LFPR has a high impact on this component indicates that the participation of people of
working age in the labor force can have a significant impact on economic activity.

4.4, Diagnostic Tests

A homoscedasticity test was performed to test the assumptions of the regression model.
The Breusch-Pagan/Cook-Weisberg test is used to test for heteroskedasticity (non-constant
variance) (Table 8).

Table 8. Breusch—Pagan/Cook—Weisberg Test for Heteroskedasticity

Assumption Normal error terms
Variable Fitted values of PHE
HO Constant variance
chi2(1) 0.62

Prob > chi2 0.4314

According to the results of the test, since the P-value is 0.4314, we do not have sufficient
evidence to reject the null hypothesis. In this case, the data are considered to have a constant
variance (homoscedasticity). This means that the errors of the regression model have a constant
variance and there is no problem of heteroskedasticity. This result indicates that the model
accurately reflects the characteristics and relationships and that the standard error estimates are
reliable. This means that the model successfully satisfies one of the econometric assumptions
and increases the robustness of the analysis.

Looking at the distribution of the points in the graph, the errors are mostly randomly
distributed along a horizontal line (Figure 8). However, a slight upward trend, especially
towards larger predicted values, indicates homoscedastic errors. The p-value (0.4314) obtained
earlier with the Breusch-Pagan test provides strong evidence that the errors of the model have a
constant variance and that there is no problem of heteroskedasticity. This graph also supports
this conclusion, as it shows no evidence of an increase or decrease in the variance of the errors.
However, before commenting on any irregularities or significant deviations in the graph, the
Durbin-Watson test was performed to further examine the actual values of these points and their
relationship with other variables in the model.
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Figure 8. Distribution of Residuals

The Durbin-Watson (DW) d-statistic tests regression analysis's independence of error
terms (residuals). This statistic is used to detect serial correlation (autocorrelation) between
errors. The Durbin-Watson statistic usually takes a value between 0 and 4. If DW =~ 2, it is
assumed that there is no serial correlation between the errors (i.e. the errors are independent). If
DW < 2, there may be a positive serial correlation. If DW > 2, there may be a negative serial
correlation.

The result of the Durbin-Watson statistic is 0.6037619. This result is significantly less
than 2. This may indicate positive serial correlation, i.e. one error term is positively correlated
with the previous error term. Serial correlation is a common problem with time series data, and
it is necessary to assess whether time is a factor in the data. If there is a positive serial
correlation, it should be recognized that the standard errors of the regression model may be
underestimated, making some variables appear statistically significant. This can affect the
reliability of the model estimates and the accuracy of the interpretations.

The Breusch-Godfrey LM test was used to determine whether autocorrelation exists in
the error terms (Table 9). If the test's p-value is below the significance level (usually 0.05 or
0.01), this is taken as evidence of autocorrelation in the model. The Breusch-Godfrey LM test
results show that the chi-squared value for one lag is approximately 5.387, which is associated
with 1 degree of freedom. As the p-value of this test is 0.0203, it indicates that there is a serial
correlation (autocorrelation) between the errors at the 5% significance level. This indicates that
there is first-order autocorrelation in the error terms in the regression model. Robust regression
was performed using Newey-West standard errors to correct for autocorrelation in the model.
This accounts for autocorrelation and heteroskedasticity and provides more reliable standard
errors and test statistics.

Table 9. Breusch-Godfrey LM Test for Autocorrelation

lags(p) chi2 df Prob > chi2

1 5.387 1 0.0203

Note: Hy: No serial correlation

According to the regression results with Newey-West standard errors (Table 10), The
main component pcl has a positive and statistically significant effect on public health
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expenditure (PHE). The coefficient is about 46.5 million, and its standard error is 1,016,406.
The t-statistic is 45.74, and the p-value is 0.000, indicating that pcl has a strong and significant
effect on PHE. The effect of component pc2 on PHE is not statistically significant (p > 0.05).
The coefficient is approximately 3.669.434, and its standard error is 3.573.710. The t-statistic is
1.03, and the p-value is 0.319, so we cannot say anything definite about the effect of pc2 on
PHE. The main component, pc3, has a negative and statistically significant effect on PHE. The
coefficient is about -12.6 million, and its standard error is 3.261.126. The t-statistic is -3.86, and
the p-value is 0.001, indicating that pc3 has a significant and negative effect on PHE. The
constant term represents the expected value of PHE when all other independent variables are
zero and is estimated to be around 97.3 million. Its standard error is 3,872,670, and the t-statistic
is 25.13, indicating that the constant is statistically significant.

Table 10. Regression with Newey—West Standard Errors

Number of obs 21
Maximum lag 1
F(3,17) 994.83
Prob > F 0.0000
PHE Coefficient Std. Err. t P>|t| [95% conf. interval]
pcl 4.65e+07 1016406 45.74 0.000 4.43e+07 4.86e+07
pc2 3669434 3573710 1.03 0.319 -3870435 1.12e+07
pc3 -1.26e+07 3261126 -3.86 0.001 -1.95e+07 -5718727
cons 9.73e+07 3872670 25.13 0.000 8.92e+07 1.05e+08

As a result, pcl and pc3 have significant effects on PHE in the model, while the effect of
pc2 is not significant. According to the results of the diagnostic tests for the regression model,
we can say that the model is generally in good condition. In addition, the results obtained
without logarithmic transformation of the variables seem to have successfully revealed an
important part in explaining the effect of economic indicators on health expenditure.

5. Conclusion

This study aims to analyze the economic factors affecting public health expenditures in
Tiirkiye from 2002 to 2022. In the context of Tirkiye, key determinants of public health
expenditures are GDP per capita, tax revenues, and exchange rates. According to the PCA, the
first principal component shows that GDP per capita, exchange rate, and tax revenues positively
and strongly impact public health expenditures. This component generally represents the
country's economic size and financial condition. As economic development increases, public
health expenditures also rise. This means that the state can allocate more resources, and
economic growth positively reflects on health expenditures (Atakli-Yavuz and Yilmaztiirk,
2023). A healthy economy facilitates more investment in public health services (Esen and Celik
Kegili, 2022). However, during economic downturns, health expenditures are constrained.
Income levels determine individuals' access to health services and their spending on these
services. Higher-income levels lead to higher health expenditures, while lower income levels
restrict access to health services (Boyacioglu and Terzioglu, 2022; Gerdtham and Jonsson,
2000).
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Fiscal policies also play a critical role in determining health expenditures. Government
funding for health expenditures largely depends on tax revenues; increases in tax revenues boost
the budget allocated to health expenditures while decreases constrain them (Okunade and
Suraratdecha, 2000). Increased tax revenues enable the government to invest more in health
services. Sayan and Yildirim's (2012) study also highlights the critical importance of tax policy
for financing health services.

Another significant factor is exchange rates. An increase in exchange rates raises the cost
of imported medical supplies and drugs, thus increasing public health expenditures. Since
Tirkiye's health sector heavily relies on imports, fluctuations in exchange rates directly affect
health expenditures (Esen and Celik Kegili, 2022).

According to the PCA, the unemployment rate dominates the second principal
component. This component indicates that the unemployment rate moves independently of other
economic variables and does not directly impact public health expenditures. This finding shows
that the indirect effects of unemployment on health expenditures are limited (Coskun Yilmaz,
2023).

Finally, the labor force participation rate dominates the third principal component. This
component represents labor market dynamics. An increase in the labor force participation rate
suggests more individuals are employed and tends to reduce public health expenditures. As the
labor force participation rate increases, access to employer-provided health insurance improves,
reducing the demand for public health services. Yetim et al. (2021) found similar results in their
study on OECD countries. They showed that individuals actively participating in the workforce
have fewer health problems compared to the unemployed, thus reducing public health
expenditures. Atilgan et al. (2017) also highlight the reducing effect of the labor force
participation rate on health expenditures.

Health expenditures cannot be easily reduced like other budget items. Firstly, health is
considered a fundamental human right, and states must provide health services to their citizens
(WHO, 2024). Restricting access to health services results in significant individual and societal
costs. Untreated illnesses, early deaths, and productivity losses lead to negative outcomes that
affect the entire society. Therefore, cuts or inadequacies in health expenditures result in
irreparable damage (Human Rights Watch, 2023).

Secondly, health expenditures significantly involve externalities. One person's health
directly affects the health and well-being of others. Control of infectious diseases and
vaccination are good examples of this. Hence, investments in health benefit the entire society
and have positive externalities (Ozen and Kéose, 2022).

Thirdly, health expenditures arise largely from mandatory and urgent needs. Unlike other
goods and services, health is often non-deferrable or indispensable. Ensuring the continuity of
financing models is essential rather than cutting expenditures (Topcu and Atasayar, 2020).

Fourthly, health forms the basis of human capital, and healthy individuals drive economic
and social development. Good health increases productivity, enhances educational success, and
reduces poverty. Thus, health expenditures are also an investment in the future, determining the
country's development potential. Short-term savings at the expense of health expenditures can
lead to heavy costs in the long term.
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For these reasons, sustainable models for financing health expenditures are critical.
Flexible financing methods that balance public resources, social health insurance, and personal
contributions according to needs must be implemented. Ensuring fair, accessible, and quality
health services is a fundamental duty of the state (Altindz and Aslan, 2019).

In conclusion, this article highlights the multidimensional nature of economic factors
affecting public health expenditures in Tiirkiye. Therefore, policymakers must consider the
factors influencing health expenditures and establish well-designed financing mechanisms to
create a resilient and inclusive health service network.

6. Limitations and Future Research

Although this study provides a comprehensive analysis of the economic factors affecting
public health expenditure in Tiirkiye, there are some shortcomings and potential areas for future
research. One of these is the limited time frame. Although the period 2002-2022 covers
significant economic changes, the analysis of trends and cyclical effects over a longer period
could contribute to a deeper understanding of the relationship between economic factors and
health expenditure. In addition, the inclusion of different macroeconomic variables and social
factors (e.g. education level, lifestyle, health awareness) could provide a more comprehensive
understanding. As a suggestion for future research, Tiirkiye's economic and health expenditure
data were not compared with those of other countries with similar economic structures or
different health systems. Such comparisons would allow Tiirkiye's situation to be assessed from
a broader perspective.
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FINANSAL PERFORMANSIN OLCULMESINDE PIOTROSKI F-
SKORU BIiLESENLERI VE CKKV YONTEMLERININ
BAGLANTISI: MEREC TABANLI MARCOS UYGULAMASI

The Nexus of Piotroski F-score Components and MCDM Methods in Measuring
Financial Performance: An Application of MEREC-Based MARCOS

Arif SEZGIN*'Y| Sinan AYTEKIN**") & Sakir SAKARYA***

Anahtar Kelimeler:
Finansal Performans,

Biligsim Sektori,
Piotroski F-skoru

Oz
Bu ¢aligmanin amaci, Borsa Istanbul bilisim sektdriinde yer alan firmalarin
finansal performanslarinin analiz edilmesidir. 2023:Q1-2023:Q4 arasindaki
dort geyreklik donemi kapsayan ¢alismada kriterlerin agirliklandirilmasinda
MEREC yontemi kullanilmistir. Kriter agirliklar1 belirlendikten sonra
firmalarin  finansal performans siralamalar1 MARCOS yontemi ile
belirlenmistir. Ayrica ¢aligmada iki farkli senaryoya dayali olarak duyarlilik

MEREC, analizleri yapilmis ve analiz sonucunda elde edilen bulgular karsilastirmali
MARCOS olarak incelenmistir. Literatiirdeki diger calismalardan farkli olarak Kriter
seciminde Piotroski F-skoru bilesenlerinden yararlamlmigtir. MEREC
JEL Kodlarz: yontemine gore elde edilen kriter agirliklarinda donemler itibariyle farklilagma
C44, G11, G17 olmakla birlikte, en yiiksek agirhiga sahip kriterlerin aktif devir hiz1 ve aktif
karlilik orani oldugu tespit edilmistir. Buna karsin, en diigiik kriter agirligina
cari oranin sahip oldugu goriilmiistiir. Calisma sonucunda en iyi ve en diisiik
performansa sahip firmalarin incelenen donemler itibariyle dalgalanma
gosterdigi  belirlenmistir.  Bununla  birlikte, sonuglar genel olarak
incelendiginde, en iyi performansa sahip firmalar SMART ve PAPIL
olmustur. En diisiik performansa sahip firmalarin ise genel olarak KAREL ve
OBASE oldugu tespit edilmistir.
Abstract
The aim of this study is to analyze the financial performance of firms in the
Borsa Istanbul IT sector. In the study over the period 2023:Q1-2023:Q4, the
Keywords: MEREC method was used to weight the criteria. After the criteria weights are
Financial determined, the financial performance rankings of the firms are determined by
Performance, the MARCOS method. In addition, sensitivity analyses based on two different
IT Sector, scenarios are conducted in the study and the findings obtained are examined
Piotroski F-score, comparatively. Unlike other studies in the literature, Piotroski F-score
MEREC, components were utilized in criteria selection. Although there is a difference
MARCOS in the criteria weights obtained by the MEREC method in terms of periods, it
is determined that the criteria with the highest weights are asset turnover ratio
JEL Codes: and return on assets ratio. On the other hand, it was concluded that the lowest
C44, G11, G17 criterion weight was the current ratio. As a result of the study, it was

determined that the firms with the best and the lowest performance fluctuated
over the analysis periods. However, when the results are evaluated in general,
the firms with the best performance are SMART and PAPIL. The firms with
the lowest performance were found to be KAREL and OBASE.
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1. Giris

Bilginin ortaya ¢ikmasi ile yayilmasi arasindaki farkin zamansal ve mekansal boyutta
giderek kiiciildiigii glinlimiizde firmalar bir yandan yogun rekabet kosullar altinda varligim
devam ettirmeye calisirken diger taraftan ortaya atilan yenilik¢i driinlerle fark yaratmaya
calismaktadir. Teknoloji ve inovasyonu merkezine alarak gelisim gdsteren sektorlerin en
onemlilerden birisi de bilisim sektoriidiir. Bilisim sektdriinde yasanan hizli degisim ve
gelismelerin sadece kendi igerisinde sinirli kalmamasi ve diger sektordeki firmalarin da is modeli
veya is sirecleri yoniyle etkilemesi sektoriin 6nemini daha fazla artiran unsurlar arasinda yer
almaktadir.

Yapay zeka, bulut teknolojileri, biiyiik veri ¢oziimlemeleri ve endiistri 4.0 gibi bilisim
firmalarinin odagindaki yenilik¢i siiregler yalnizca diger firmalar1 degil insanlig1 da yakindan
etkileyen gelismelerdendir (Atalay ve Altin, 2020: 206). Bilisim sektoriinde meydana gelen
biiylime sadece sektoriin degil ayn1 zamanda faaliyette bulunulan iilkenin ekonomik biiyiimesine
de katki saglamaktadir. Firmalarin bilangolarinda bu biiylimenin etkisiyle hizla yiikselen gelirler
ve karlar pek ¢ok yatirimeinin dikkatini ¢ekmistir (Inani ve Gupta, 2017: 127).

Biligim sektoriiniin yalnizca yatirnmeilarin degil arastirmacilarin da dikkatini ¢gekmesiyle
sektordeki firmalarin finansal performansini incelemeye yonelik ¢ok sayida ¢alisma yapilmustir.
Firmalarin gelecege yonelik verecegi kararlart sekillendirerek stratejik hedeflerini
gerceklestirmelerinde 6nemli bir yere sahip olan performans degerleme caligmalari ayni1 zamanda
mevcut durumun incelenmesine olanak tanimaktadir (Yilmaz Tiirkmen ve Cagil, 2012: 60). Bu
yonilyle yapilan ¢aligmalar sektoriin onemini gostermesinin yaninda, bu sektordeki firmalarin
finansal performanslarinin incelenerek, gelecege yonelik politikalarin ortaya konulmasi agisindan
da 6nem kazanmaktadir.

Firmalarmin finansal performansini inceleyen c¢alismalarda degerlendirme yapilacak
kriterlerin se¢imi elde edilecek sonuglarin iizerinde etkiye sahiptir. Bu nedenle degerlendirme
kriterlerinin se¢imi biiyiikk 6nem kazanmaktadir. Yapilan ¢alismalarda kriter segiminde uzman
gorliginden yararlanmanin yaninda literatiirden yararlanilarak secilen kriterler agirlik
kazanmustir. Bunun yaninda firmanin finansal giiciiniin gostergesi niteligindeki bir yaklagim olan
Piotroski F-skoru yonteminin de kriterlerin olusturulmasi baglaminda 6neme sahip oldugu
diistintilmektedir.

Piotroski F-skoru, bir muhasebe profesorii olan Joseph Piotroski (2000) tarafindan 6nerilen
ve gelistirilen bir stratejidir. Piotroski, F-skoru yontemini 2000 yilinda &zsermaye yatirim
stratejisini tanitan ve etkinligini arastirma sonuglariyla kanitlayan "Deger Yatirimi: Kazananlart
ve Kaybedenleri Ayirmak i¢in Tarihsel Mali Tablo Bilgilerini Kullanmak" baslikli makalesi ile
ortaya koymustur. F-skoru stratejisi, borsada kazan¢ saglamak igin temel analiz unsurlarinin
uygulanmasina dayanmaktadir. Yatirimeilar, mali tablolardaki wverileri kullanarak hangi
firmalarin "kazanan”, hangi firmalarin "kaybeden" oldugunu belirleyebilirler. Piotroski, finansal
analiz unsurlarinin bir firmanin hisselerinin ¢ekiciligini gosterebilecegini, bunun bilinen ve
kullanilan degerli yatirimlarda ek bir asama olarak kullanilmasi gerektigini belirtmistir
(Kusowska, 2021: 48).

Piotroski (2000) tarafindan onerilen strateji firmalarin finansal tablolarindaki verilerinin
belirli dlgiitlere dayali olarak degerlendirilmesi ve nihai olarak da bu dlgiitlerin puanlanmasina
dayanmaktadir. Karlhilik, kaldirag-likidite ve operasyonel verimlilik olmak iizere ii¢ kategoriye
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ayrilan dokuz finansal sinyalin analizi incelenecek her bir firma igin yapilmaktadir. Firmalarin
finansal tablolarindan elde edilen verileri dnceden belirlenen dlgiitlere gore incelenerek her sinyal
i¢in ikili bir derecelendirme puani atanmaktadir. Buna gore, bir sinyal uygulamasi “iyi” olarak
degerlendirilirse 1, “zayif” olarak algilanirsa 0 olarak puanlanir. Daha sonra elde edilen puanlar
toplanarak firmalar i¢in Piotroski F skoru belirlenir (Piotroski, 2000: 7). F skoruna gore, O ile 9
arasinda degisen deger ne kadar diisiik olursa firmanin iyi sinyalleri de o kadar az olacaktir.
Aksine bu gostergenin degeri ne kadar yiiksek olursa firmanin hisseleri yatirimcilar i¢in o kadar
cazip olacaktir (Piotroski, 2005: 181; Piotroski ve So, 2012: 2845).

Bu calismanin amaci, bilisim sektoriinde faaliyet gosteren firmalarin finansal
performansini giincel CKKV (¢ok kriterli karar verme) yontemlerinden MEREC (MEthod based
on the Removal Effects of Criteria) ve MARCOS (Measurement of Alternatives and Ranking
according to COmpromise Solution) yontemleriyle degerlendirmektir. 2023:Q1-2023:Q4
arasindaki dort ¢eyreklik donemi kapsayan ¢aligmada performans Kriterleri olarak Piotroski F-
skoru bilesenlerinden yararlanilmistir. Literatiir incelendiginde, Piotroski F-skoru bilegenlerine
dayali CKKV yontemleriyle performans analize yonelik bir caligsmaya rastlanilmamistir. Bununla
birlikte, CKKV yoéntemlerinin giincel 6rneklerinden MEREC ve MARCOS yo6ntemlerini
kullanarak bilisim sektoriinde yapilmis bir ¢alisma olmamasi da ¢alismayr mevcut literatiirden
farkli kilarak 6zgiin yanini ortaya koymaktadir.

Calisma bes bolimden olusmaktadir. Giris bolimiinii takiben ilgili literatiire yer
verilmektedir. Ugiincii boliimde ¢alismada kullamlacak yontem tamitilmaktadir. Dordiincii boliim
uygulamaya ayrilmigken, besinci boliimde ise elde edilen bulgulara dayali olarak sonug ortaya
konulmakta ve gelecege yonelik politika 6nerilerinde bulunulmaktadir.

2. Literatiir incelemesi

Literatiir incelendiginde Borsa Istanbul’da (BIST) islem géren firmalarin performanslarini
CKKYV yontemleri kullanilarak inceleyen ¢ok sayida ¢alisma yer almaktadir. Calismanin odagini
bilisim sektorii olusturdugundan bu sektordeki firmalarin finansal performansini inceleyen
calismalara oncelikle yer verilmistir.

Yilmaz Tiirkmen ve Cagil (2012), 2007-2010 yillar1 arasinda BIST Bilisim sektdriinde
faaliyet gosteren 12 firmanin finansal performansini TOPSIS yontemiyle incelemistir. Finansal
tablolardan elde edilen sekiz adet oran kullanilarak yapilan ¢aligmada firmalarin finansal
performanslart yillar itibariyle karsilagtirmali olarak incelenmistir. Ayrica ¢aligmada biligim
sektorlindeki firmalarin yliksek tutarli yatirimlarinin geri doniigiiniin uzun bir doénemde
olabilecegi veya beklenen seviyenin altinda kalabilecegine vurgu yapilmistir.

Inani ve Gupta (2017), 2011°den 2015’e kadar olan 5 yillik bir dénem i¢in Hindistan
Borsasina kote biligim sektorii firmalariin performansini analiz etmigstir. TOPSIS yontemini
kullanarak yapilan ¢alismada on adet finansal rasyo lizerinden firmalarin finansal performanslari
karsilastirmali olarak incelenmistir. Calisma sonucunda, diisiik performans gosteren firmalarin
daha yiiksek performans gosterenlerin izledigi politikalar1 analiz ederek stratejilerini revize
etmeleri Onerisinde bulunulmustur.

Gok Kisa ve Pergin (2018), caligmalarinda 2015 yili i¢in Forbes Dergisinin agikladigi
Global 2000 listesinde yer alan 11 bilisim sektdrii firmasinin performansim1 ENTROPI-VIKOR
biitiinlesik yontemiyle incelemistir. En yliksek finansal performansi gosteren firmalarin sirasiyla
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Apple, Hewlett-Packard ve Lenovo Group seklinde gergeklestigi ve yiiksek performans gosteren
firmalarda elde edilen sonuglarin Forbes dergisi tarafindan yayimlanan siralamayla paralellik
gosterdigi tespit edilmistir.

Dogan ve Calp (2019), BIST bilisim sektoriinde faaliyet gdsteren firmalarin 2018 yilmin
12 aylik dénemini kapsayan verilerini kullanarak finansal performansini analiz etmistir. Gri
Iliskisel Analiz yontemi kullamlarak yapilan ¢alismada on alt1 finansal oran iizerinden yapilan
analiz sonucunda, en iyi finansal performansa sahip firmanin KFEIN, en diisiik finansal
performansa sahip olan firmanin ise ARENA oldugu sonucuna ulagilmistir.

Atalay ve Altin (2020), 2014-2018 déneminde BIST’te islem géren bilisim sektorii
firmalarinin performans degerlemesinin yaninda, performansa goére olusturulan portfylerin
getirileri ile performans sonuglar1 arasindaki iliskiyi incelemistir. TOPSIS yo&nteminin
kullanildig1 ¢aligmada on bir finansal oran iizerinde yapilan analiz sonucunda, yiiksek performans
gosteren ESCOM ve LINK firmalarmin yillar itibariyle {ist siralardaki yerlerini korudugu tespit
edilmistir. Calismada ortaya konulan bir diger dnemli bulgu ise, yiiksek performans degerine
sahip firmalardan olusan portfoyde diger firmalara gore daha yiiksek portfoy getirisi elde edilmesi
ve bu dogrultuda performans degerleri ile portfoy getirileri arasinda bir uyumun tespit
edilmesidir.

Turhan ve Aydemir (2021), BIST bilisim sektoriinde faaliyet gosteren firmalarin 2020
yilindaki verileri ile finansal performansmi incelemisti. AHP agirhikli Gri Iliskisel Analiz
biitiinlesik yontemi kullanilarak yapilan calismada firmalarin on iki finansal oran {izerinden
finansal performansi degerlendirilmistir.

Ondes ve Ozkan (2021), 2020 yilinin ilk ii¢ ceyreklik verilerinden yararlanarak hesaplanan
sekiz finansal oran iizerinden BIST bilisim sektdriindeki firmalari biitiinlesik CRITIC-EDAS
yontemiyle incelemis ve finansal performans {izerinde Covid-19 pandemisinin olasi etkilerini
arastirmigtir. Calisma sonucunda, ilk ¢eyrek icin en yliksek performans gosteren firmalar sirasiyla
ARDYZ, PAPIL ve LINK iken, ikinci ¢eyrek i¢in siralamalar PAPIL, INDES ve DESPEC olarak
gerceklesmistir. Ugiincii ceyrek siralamalar ise INDES, PAPIL ve LINK seklinde ortaya
konulmustur. Ayrica, Covid-19 pandemisinin sektorii olumlu yonde etkiledigine vurgu
yapilmustir.

Giirkan ve Aldoury (2021) 2017-2019 arasinda ii¢ yillik bir donem igin BIST’te islem
goren on bes teknoloji firmasinin finansal performansini TOPSIS yontemiyle incelemistir.
Finansal tablolardan elde edilen sekiz oran kullanilarak yapilan ¢alismada firmalarin yillar
itibariyle performanslar1 incelenmis ve tiim donemler dikkate alinarak en basarili firmalarin
LINK, DGATE ve INDES oldugu tespit edilmistir. Ayrica ¢alismada, basarili kabul edilen
firmalarin nasil bir finansal yapiya sahip olduguna yonelik analiz yapilarak, basarili firmalardaki
finansal yap1 i¢in optimal degerler elde edilmistir.

Sakarya ve Ilkdogan (2022), calismalarinda BiST’te islem goren bilisim sektorii
firmalarinin finansal performanslarini nakit akisi temelli finansal oranlara dayali olarak CRITIC-
TOPSIS biitiinlesik yaklasimiyla degerlendirmislerdir. 2017- 2021 dénemini kapsayan calisma
sonuglarina gore yillar itibariyle en basarili firmalar sirasiyla KRONT, LINK, LINK, INDES ve
LINK olarak ger¢eklesmistir. Buna karsin en bagarisiz firmalar yillar itibariyle DESPC, NETAS,
DGATE, DESPC ve NETAS seklinde gerceklesmistir.
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Aktas (2022), BIST bilisim sektoriinde faaliyet gosteren firmalarin 2019-2020 yillarinda
pandemi Oncesi ve sirasindaki finansal performansini karsilastirmali olarak incelemistir.
PROMETHEE yo6nteminin kullanildigi ¢alismada performans degerlendirmede yedi farkli oran
ile inceleme yapilmis ve her iki donem i¢in en yiiksek performans gosteren firmalarin ARDYZ,
LINK ve FONET oldugu, buna karsin en diisiik performansin ARMDA ve NETAS firmalarinda
gerceklestigi sonucuna varilmistir. Pandemi doneminde oncesine gore bilisgim firmalarindaki
karlilik oranlarda yiikselis oldugu ¢alismada elde edilen bir diger 6nemli bulgudur.

Tiimingin vd. (2022), 2016-2021 yillar1 arasinda BIST bilisim sektdriindeki on alt1 firmanin
finansal performansi ile Covid-19 pandemisi iligkisini on ii¢ finansal rasyo verisine dayali olarak
incelemisti. ENTROPI-PROMOTHEE biitiinlesik ~ yaklasiminin  kullamldign  calismada
firmalarin finansal performanslar1 karsilagtirmali olarak incelenmis ve covid-19 etkisinin biligim
sektorii agisindan olumlu olduguna dikkat cekilmistir.

Sakarya ve Erayman (2022), 2017-2020 yillar1 arasinda BIST bilisim sektdriindeki
firmalarin finansal performansini nakit akig tablosuna dayali finansal oranlar1 kullanarak analiz
etmisti. =~ PROMETHEE yo6nteminin kullanildigi c¢alisma sonucunda firmalarin finansal
performanslarinin incelenen dénem i¢in dalgalanma gosterdigi ve her donem igin istikrarli olarak
iist siralamalarda yer alan bir firmanin olmadig ortaya konulmustur.

Ergiil ve Kondak (2023), calismalarinda BIST bilisim sektdrii firmalarinm 2016-2021
donemindeki verilerinden yararlanarak on dort farkli finansal rasyo hesaplamis ve finansal
performanst COPRAS ve TOPSIS yontemleriyle karsilastirmali olarak incelemistir. Calisma
sonucunda her iki yonteme gore elde edilen finansal performans siralamalarinin birbiriyle 6nemli
olgtide uyumlu oldugu tespit edilmistir.

Pala (2023), BIST teknoloji ve bilisim sektériinde faaliyet gdsteren firmalarin 2010-2021
yillar1 arasindaki finansal performansini hesaplanan on bes finansal oran yardimiyla incelemistir.
CRITIC yéntemiyle elde edilen agirliklandirmanin ardindan GIA ve WASPAS yéntemleriyle
firmalarin finansal performanslari karsilastirmali olarak incelenmistir. WASPAS yontemine gore
en iyi performans gosteren firmalarin KRONT ve LINK oldugu, GiA yonteminde ise KRONT
firmasinin genel olarak iist siralarda yer almasiyla birlikte sonuglarin daha fazla dalgalanma
gosterdigi sonucuna ulasilmigtir. Ayrica ¢alismada, WASPAS yonteminin donemler itibariyle
daha tutarl sonuglar ortaya koydugu gosterilmistir.

Baysal vd. (2023), BIST bilisim sektoriindeki firmalarn 2022 yilindaki finansal
performansin1 TOPSIS yontemiyle incelemistir. Calisma sonucunda en yliksek performansi
ARDYZ firmasinin sergiledigi ve bunu sirasiyla LOGO ve KFEIN firmalarinin izledigi tespit
edilmistir.

Yenilmezel Alici ve Ertugrul (2023), 2021 yilinda BIST bilisim sektdriinde faaliyet
gosteren firmalarin finansal performanslarini finansal tablolardan hesaplanan sekiz finansal oran
kullanarak incelemistir. CILOS-CoCoSo biitiinlesik yontemi kullanilarak yapilan ¢alismada, en
iyi performans1 FONET firmasinin sergiledigi sonucuna ulagmistir.

Daha az sayidaki c¢alismalarin bilisim sektoriine odaklanmakla birlikte, MEREC-
MARCOS biitiinlesik yaklasimini kullanarak yapilan bir caligmaya rastlanilmamistir. Tablo 1°de
MARCOS ve MEREC yontemlerini kullanarak yapilmis giincel caligmalardan ornekler
incelenmistir.
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Tablo 1. MARCOS ve MEREC CKKYV Teknikleri ile Yapilmis Calismalar

Yazar Yontem Calismanin Amaci

Aygin ve Arsu (2022) MARCOS ve MEREC Sosyal Geligme Envdeksme.: gt')re i.ilkelerm
performansinin degerlendirilmesi

Covid-19 pandemisinin katilim bankalar1 tizerindeki
etkisinin arastirilmast
Tiirkiye’deki tiniversitelerin yenilikg¢ilik ve girisimeilik

Gengtiirk vd. (2021) CRITIC ve MARCOS

Cmaroglu (2021) CRITIC ve MARCOS .
performansinin analizi

Altintas (2022) MABAC ve MARCOS Avrupa ulkelern_ld_ekl enerji inovasyon puanlarina gore
performans analizi

Stevi¢ vd. (2020) MARCOS Saglik sektoriinde en uygun tedarikg¢i se¢imi

Kara vd. (2024) MEREC ve AROMAN Tirkiye nin sinir komsular karsisindaki siirdiiriilebilir

rekabetgilik durumunun degerlendirilmesi

Turanboy vd. (2024)  MEREC ve MAIRCA Se%nr hastggelerlpm kapasite performanslarinin
degerlendirilmesi

Stimerli Sarigiil vd. MEREC, MARCOS ve

(2023) CoCoSo
Arman ve Organ MEREC ve CoCoSo

Havaalanlarinin hizmet kalitesinin degerlendirilmesi

Avrupa Birligine liye ve aday tilkelerdeki lojistik

(2023) performanslarin degerlendirilmesi
Yalman vd. (2023) MEREC, LOPCOW ve  Tiirkiye ekonomisinin makroekonomik performansinin
' MARCOS degerlendirilmesi

Bosna Hersek’te bankacilik sektoriiniin performansinin

Mastilo vd. (2024) ~ MERECVe MARCOS 5 o dirilmesi

3. Metodoloji

Calisma kapsaminda BIST bilisim sektdriindeki firmalarin 2023:Q1-2023:Q4 donemindeki
dort ceyreklik performanslart analiz edilmistir. Firmalarin performans analizinin yapilmasinda
MEREC tabanli MARCOS yontemi kullanilmistir. Ayrica, kriter agirliklandirmada MEREC
yonteminin yaninda iki farkli senaryo olusturularak duyarlilik analizleri yapilmis ve sonuglar
karsilastirmali olarak incelenmistir. Calismada incelenen donem ig¢in siirekli endeks
kapsamindaki Tablo 2’de gosterilen 29 bilisim sektorii firmasi yer almaktadir.

Tablo 2. BiST Bilisim Sektorii Firmalar

No Kod Firma Ad1 No Kod Firma Ad1

1 ALCTL Alcatel Lucent Teletas 16 KRONT Kron Teknoloji

2 ARDYZ ARD Bilisim Teknolojileri 17 LINK Link Bilgisayar

3 ARENA Arena Bilgisayar 18 LOGO Logo Yazilim

4 ATATP ATP Yazilim 19 MANAS Manas Enerji Yonetimi
5 AZTEK Aztek Teknoloji 20 MIATK Mia Teknoloji

6 DESPC Despec Bilgisayar 21  MOBTL Mobiltel iletisim

7 DGATE Datagate Bilgisayar 22  MTRKS Matriks Bilgi Dagitim
8 EDATA E-Data Teknoloji 23  NETAS Netas Telekom.

9 ESCOM Escort Teknoloji 24  OBASE Obase Bilgisayar

10 FONET Fonet Bilgi Teknolojileri 25 PAPIL  Papilon Savunma

11 HTTBT Hitit Bilgisayar 26 PENTA  Penta Teknoloji Uriinleri Dagitim
12 INDES Indeks Bilgisayar 27  PKART  Plastikkart

13  INGRM Ingram Biligim 28 SMART Smartiks Yazilim

14 KAREL Karel Elektronik 29 VBTYZ VBT Yazilim

15 KFEIN Kafein Yazilim
Kaynak: Finnet Hisse Expert
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Calismada finansal performans incelemesinde kullanilacak kriterlerin se¢iminde Piotroski
F-skoru bilesenlerinden yararlanilmistir. Piotroski F-skorunu hesaplamak igin toplam 9 kriter
kullanilir ve bunlar ayrica 3 gruba ayrilir (Rangapriya ve Meenakumari, 2021: 118-119; He
ve Tan, 2022: 92-93):

Karlilik;

1. Aktif Karliligt (ROA-Return on Assets) (ROA pozitif oldugunda F-skoru 1, aksi
durumda 0)

2. Faaliyetlerden elde edilen nakit akigt (CFO-Cash Flow from Operating Activities) (CFO
pozitifse F-skoru 1, aksi halde 0)

3. Aktif Karliligindaki Degisim (ROA) (AROA sifirdan biiyiikse F-skoru 1, aksi takdirde
0)

4. Tahakkuk (CFO, ROA'dan biiyiikse F-skoru 1 degerine sahiptir, aksi takdirde 0)
Kaldirag, Likidite ve Yeni Hisse Ihraci;

5. Kaldirag (uzun vadeli) oranindaki degisiklik (oran bir 6nceki yila gore diiserse F-skoru
1, ayn1 kalirsa veya artarsa 0)

6. Cari orandaki degisim (bir 6nceki yila gore azalmigsa F-skoru 1, aynmi kaldiysa veya
arttiysa 0)

7. Hisse sayisindaki degisiklik (ilave hisse ihra¢ edilmemesi durumunda F-skoru 1, aksi
takdirde 0)

Operasyonel Verimlilik;

8. Briit kar marjindaki degisim (cari yilin orant ile 6nceki yilin orani arasindaki fark sifirdan
biiylikse F-skoru 1, aksi takdirde 0)

9. Aktif devir hizindaki degisiklikler (cari yilin orani ile 6nceki yilin orani arasindaki fark
sifirdan biiyiikse F-skoru 1, aksi takdirde 0)

Calismada bilisim sektorii firmalarmin finansal performansinin incelenmesinde
kullanilacak kriterlerin se¢ciminde hisse sayisindaki degisiklik bileseni disindaki 8 ayr1 Piotroski
F-skoru bileseninden yararlanilmistir. Finnet veri tabani kullanilarak elde edilen kriterler Tablo
3’de yer almaktadir.

Tablo 3. Finansal Performans Kriterleri

Kriter No/Kod Oran Oran Yonii
K1 Net Kar Biiytime (%) Maks.
Isletme Faaliyetlerinden Elde Edilen Nakit

K2 Akislarindaki Biiytime Orani (%) Maks.
K3 Aktif Karlilik Oran1 (%) Maks.
K4 Esas Faaliyet Kar1 Biiytime Orani1 (%) Maks.
K5 Finansal Kaldirag Orani (%) Min.

K6 Cari Oran (%) Maks.
K7 Briit Kar Marj1 (%) Maks.
K8 Aktif Devir Hiz1 (%) Maks.
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3.1. MEREC Yontemi

CKKYV yontemlerinden biri olan MEREC yontemi, kriterlerin objektif agirliklarinin elde
edilmesinde kullanilmakta olup, Keshavarz-Ghorabaee vd. (2021) tarafindan literatiire
kazandirilmistir. MEREC yontemine goére her bir kriterin eksiltilmesiyle alternatiflerin
performansi tizerindeki etkisi dikkate alinarak objektif kriter agirliklari belirlenir. Bagka bir
ifadeyle, kriterlere 6nem agirligi saptanmasinda o kriterin ortadan kaldirilmas: durumundaki
toplam kriter agirhigindaki degisiklik dikkate alinir. Nihai olarak, alternatiflerin performansi
iizerinde daha yiiksek etkiye sahip kriterlere daha biiyiik onem agirliklar1 atanmaktadir
(Keshavarz-Ghorabaee vd. 2021: 7; Ayg¢in ve Arsu, 2022: 78). MEREC yonteminin
uygulanmasinda izlenen alt1 asamaya asagida yer verilmektedir (Keshavarz-Ghorabaee vd. 2021:
7-9; Aygin ve Arsu, 2022: 78; Yalman vd. 2023: 67).

Asama 1: Karar matrisi m sayida alternatif ve n sayida kriter dikkate alinarak olusturulur.

X11  X12 X1n
X21  X22 v Xop

X = : : . : (1)
Xm1 Xm2 °° Xmn

Esitlik (1)’de yer alan x;; degeri, . kritere gore (j=1,2, ..., n) i alternatifinin (i=1,2, ....m)
aldig1 degeri gostermektedir. MEREC yonteminin uygulanmasinda karar matrisi igerisinde yer
alan degerlerin pozitif olmas1 gerekmektedir. Pozitif olmayan degerler sonraki asamalardaki
logaritmik hesaplarin yapilmasinda engel olusturmaktadir. Bu nedenle, karar matrisi
elemanlarimin igerisindeki pozitif olmayan degerlerin doniistiiriilmesi gerekmektedir. Bu
caligmada karar matrisindeki pozitif olmayan degerlerin donistiiriilmesinde Zhang vd. (2014)
tarafindan ortaya konulan Z skoru tekniginden yararlanilmistir. Bu teknigin uygulama agamalari
Esitlik (2) ve (3)’te gosterilmistir (Zhang vd. 2014: 3; Ersoy, 2022: 1007).

Xij +X;
iy =

)

Si
Esitlik (2)’deki x;; i. alternatifin j. kritere gore aldi81 degeri, Xx; Ve s; deerleri ise sirasiyla
ortalama ve standart sapmayi gostermektedir. Z;; ise i. indekse ait j. bdlgede yer alan

standartlastirilmis veriyi gostermektedir. Ardindan Esitlik (3) yardimiyla karar matrisi elemanlari
pozitif hale getirilir.

Z';; doniisiimden sonraki standartlastirilmis degeri ifade etmektedir. Doniisiim yapildiktan
sonra tim degerler sifirdan biiyiik olmalidir. Burada A 6teleme degerini ifade etmektedir.
Doniistim i¢in belirlenen A degerinin |min Z; j| degerine yakin olmasi degerlendirme sonucunun
daha anlamli olmasini saglamaktadir (Demir ve Arslan, 2022: 1033). Bu nedenle matrislere Z

skoru teknigi uygulanirken A > |min Zi]-| kosulunu saglayacak en yakin pozitif degerin
secilmesine dikkat edilmistir.

Asama 2: Fayda ve Maliyet yonlii kriterlere gore karar matrisinin normalize edilir.
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( min

i
J L= JEF
=1 o @
Lmax JEM
k Yk

Bu asamada matristeki her bir kriterin fayda veya maliyet yonlii olmasina gore Esitlik (4)’te
verilen islemler uygulanilarak normalize edilir. Esitlik (4)’teki nfj degeri i alternatifinin j kriterine
gore normalize edilmis degerini ifade eder. F ve M ise sirastyla fayda ve maliyet yonlii kriterleri
ifade etmektedir.

Asama 3: Alternatiflerin genel performans degerleri (S;) tiim kriterler dikkate alinarak
hesaplanir.

S;=In| 1+ %Z|ln(n§j-)| ©)
Jj

Her bir alternatif i¢in olusan performans degerleri (S;), Esitlik (5)’deki formiile gore
hesaplanir. Hesaplama yapilirken ele alinan kriterlere esit 6nem agirligi verilmektedir.

Asama 4: Her bir kriter degerinin ayr1 ayr g¢ikartilmasiyla alternatiflerin performans
degerleri (S’l.j) elde edilir.

, 1
Sy =l 1+ (5 > |in(n)| (6)

Kk#j

Bu agamada bir 6nceki agsamadan farkli olarak alternatiflerin performans degerlerinin elde
edilmesinde her bir alternatif igin sirayla her bir kriter eksiltilir ve S';; degeri hesaplanr.

Asama 5: Mutlak farklarm toplanu (E;) hesaplanir.
E; = Z|S'ij - il (7)
i

Esitlikte yer alan Ej degeri J. kriterin ¢ikarilma etkisini gostermektedir.

Asama 6: Her bir kriterin objektif 6nem agirligi (w;) hesaplanr.

W= 8
U YN ®)

Esitlik (8)’in uygulanmasiyla elde edilen W; degeri j. kriterin énem agirhgim ifade
etmektedir.

3.2. MARCOS Yontemi

Alternatifler ve referans degerleri arasindaki iligkiye dayanan MARCOS yontemi,
alternatiflerin siralanmasinda kullanilan ve Stevic vd. (2020) tarafindan oOne siiriilen bir
yaklagimdir. Bir alternatifin ideal ve ideal olmayan ¢6ziime goére durumunu ifade eden fayda
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fonksiyonlari kullanilarak ¢6ziime ulagilir. Bu yaklagima gore en iyi ¢6ziim ideal duruma en yakin
ve ayni zamanda ideal olmayan duruma en uzak konumdaki ¢oziimdiir (Stevic vd. 2020: 3-4;

Aygin ve Arsu, 2022: 79).

MARCOS yonteminin uygulanmasinda izlenen asamalar asagidaki gibidir (Stevic vd.
2020: 4-5; Aygin ve Arsu, 2022: 79-80).

Asama 1: Karar matrisi m sayida alternatif ve n sayida kritere gére olusturulmasi

i G Cr
A [X11 X120 X1 9
_ Az | X211 X2t Xop 9)
X=". . . . .
AplXm1 Xm2 ° Xmn
Asama 2: Genisletilmis karar matrisi olusturulmasi
C1 CZ coe Cn
Ay [xn X120 Xin 1
Ay | X211 X2t Xop (10)
X=
Am | Xm1 Xm2 Xmn |
Apar lxaail Xaaiz " xaainJ
Agr L Xai1 Xaiz " Xain

Genisletilmis karar matrisindeki ideal ve ideal olmayan degerler Esitlik (11) ve (12)’den
yararlanilarak hesaplanir.

Al = mak x;j eger j € F ve minx;; eger j € M (1)
AAl = min x;j eger j € F ve mak x;j eger j € M (12)

Bu asamada, ilk asamada elde edilen karar matrisine ideal ve ideal olmayan degerler
eklenmektedir. Esitlik (11)’deki Al ideal ¢6ziim degerlerini, F ve M degerleri ise sirasiyla Fayda
ve Maliyet yonlii kriterleri ifade etmektedir. Esitlik (12)’deki AAI ideal olmayan ¢6ziim
degerlerini, F ve M degerleri ise sirasiyla Fayda ve Maliyet yonlii kriterleri ifade etmektedir.

Asama 3: Genisletilmis karar matrisinin normalizasyonu

C; C, Cn
Ay g Niz =+ MNun
A, | 21 Naz2 = N2
we Pl P | (13)
Am Nm1 Nm2 “t NMmn
AAAI Ngai1 Naaiz *° MNaain
AAI Nai1 Ngiz  * Ngin

Normalize karar matrisinin elemanlari fayda veya maliyet yonlii olmasina gore Esitlik (14)
ve (15)’den yararlanilarak hesaplanir.
Xij .
n; = —egerj EF (14)

xal
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Xai . .
n;j = x—‘:]l egerj €M (15)

Esitliklerde yer alan n;; i. alternatifin j. kritere gére normalize edilmis degerini temsil
etmektedir.

Asama 4: Kriter agirligina gore Genisletilmis karar matrisinin agirliklandirilmasi

vij = nij X W] (16)
Cl CZ oo Cn

Aq [ V11 Vi2 = Vin 1

Ay | V21 Va2 Van | 17)

V=, | '

Am Um1 Um2 Umnl

Agar lvaail Vaaiz " vaainJ

Agyp LVain Vaiz  ° Vain

Her bir kriterin agirlik degerine gore bir dnceki asamada elde edilen matris degerleri
agirliklandirilir. Burada v;; , normalize edilmis karar matrisi elemanlarinin kriter agirliklari ile
carpilmasiyla elde edilen degeri ifade etmektedir.

Asama 5: Alternatiflerin fayda derecelerinin 6l¢iilmesi
Agirliklandirilmig karar matrisi elemanlarinin toplamindan elde edilen S; degeri hesaplanir.
n
Si = Z vij (18)
i=1
Alternatiflerin ideal ve anti ideal ¢oziime gore fayda dereceleri sirasiyla Esitlik (19) ve
Esitlik (20)’den yararlanilarak hesaplanir.

Y

Kt = L 19

' Sai ( )
S;

K = (20)
' Saai

Esitlik (19) ve (20)’de yer alan K;"ve K; degerleri sirastyla alternatiflerin ideal ve ideal
olmayan ¢ozlime gore fayda derecelerini ifade etmektedir.

Asama 6: Alternatiflerin fayda fonksiyonlarinin belirlenmesi f(K;) ve siralanmasi

Ki_

fK) = X T k- (21)
K

fOKD) = o= +‘ e (22)

Ideal ve ideal olmayan ¢oziime gore elde edilen fayda fonksiyonlar: sirastyla Esitlik (21)
ve Esitlik (22)’den yararlanilarak hesaplanir. Bu degerler Esitlik (23)’de kullanilmakta ve nihai
¢ozlim elde edilmektedir.
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K+ K
1-f(K}) | 1-f(K]) (23)
F(KD FOKD)

fK) =
1+

Esitlik (21)’de yer alan f( K;") ideal ¢dziime gore fayda fonksiyonunu ifade etmektedir.
Esitlik (22)’de yer alan f( K; ) ise, ideal olmayan ¢oziime gore fayda fonksiyonunu ifade
etmektedir. f(K;) degeri alternatiflerin fayda fonksiyonunu ifade etmekte ve elde edilen en
yiiksek deger en iyi alternatif olmak iizere performans siralamasinda kullanilmaktadir.

4. Bulgular

Calismanin bu boéliimiinde kriter agirliklandirmada kullanilan MEREC yontemi ve
alternatiflerin siralamasinda kullanilan MARCOS yontemine iligkin 6rnek uygulamaya yer
verildikten sonra yontemlerin uygulanmasiyla elde edilen bulgulara ve bu bulgulara iliskin
degerlendirmelere yer verilecektir.

4.1. Kriter Agirhiklarinin Hesaplanmasinda MEREC Yoéntemi Uygulamasi

BIST bilisim sektdrii firmalar1 iizerinde Piotroski F-skoru bilesenlerine dayali kriterlerin
agirliklandirilmasinda 2023 yilinin tigiincii ¢eyregine ait 6rnek uygulama adimlarina Tablo 4-8
araliginda yer verilmistir. MEREC yo6nteminin uygulanmasinda karar matrisi igerisinde negatif
degerin yer almasi, sonraki asamalardaki logaritmik matematiksel hesaplamalara engel
olusturmaktadir. Tablo 10°da yer alan 2023 yilmin igiincli ¢eyregine ait karar matrisi
elemanlarinda negatif deger yer aldigindan Esitlik (2) ve (3)’te yer alan adimlar uygulanmis ve
veriler pozitife doniistliriilmiistiir. Bu dogrultuda Esitlik (3)’te yer alan A degeri 2023 {igiincii
ceyrek igin A= 1.80 alinmustir. Zhang vd. (2014) tarafindan 6ne siiriilen Z skoru teknigi
uygulanarak, pozitife doniistiiriilmiis karar matrisi Tablo 4’te yer almaktadir.

Tablo 4. Karar Matrisi

P;g:ﬁir Maks. Maks. Maks. Maks. Min. Maks. Maks. Maks.
K1 K2 K3 K4 K5 K6 K7 K8
ALCTL 1.14 1.02 0.99 0.39 0.98 1.88 1.03 1.22
ARDYZ 2.03 5.75 3.12 2.42 1.08 1.47 3.28 0.98
ARENA 1.26 1.33 0.76 2.03 3.20 1.32 0.72 2.89
ATATP 1.69 2.52 2.27 3.31 1.01 1.56 2.00 1.31
AZTEK 1.63 1.33 2.39 2.16 2.10 1.42 1.32 341
DESPC 1.51 1.55 0.88 1.71 3.04 1.33 0.74 2.86
DGATE 1.00 1.83 0.71 1.64 2.93 1.34 0.75 2.95
EDATA 2.02 1.33 2.75 0.86 1.54 1.50 0.89 1.63
ESCOM 1.26 0.43 0.65 0.85 0.04 1.23 3.68 0.18
FONET 1.95 2.11 1.75 1.00 1.18 1.33 1.89 0.75
HTTBT 2.06 1.95 1.14 1.73 0.40 1.94 2.04 0.57
INDES 1.49 1.33 1.05 1.91 3.10 1.33 0.74 3.16
INGRM 1.71 0.43 0.75 1.35 2.95 1.36 0.70 2.29
KAREL 1.26 1.33 0.41 1.72 2.91 1.30 1.08 1.49
KFEIN 1.83 3.42 2.01 1.98 1.08 1.66 1.33 1.73
KRONT 1.08 2.57 1.66 0.89 1.71 1.42 3.28 0.95
LINK 1.29 1.33 2.89 1.32 0.26 4.64 3.24 0.62
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Tablo 4. Devamm

LOGO 1.30 1.39 1.73 0.97 1.96 1.25 3.01 0.89
MANAS 0.97 1.33 0.93 3.69 2.28 1.34 3.01 0.80
MIATK 1.79 1.46 3.22 1.90 0.87 1.63 2.65 1.59
MOBTL 1.40 1.33 0.97 1.44 1.17 1.36 0.90 1.28
MTRKS 1.71 2.00 3.50 1.38 1.22 1.36 1.50 2.42
NETAS 1.26 1.33 0.67 2.05 3.63 1.26 0.79 1.44
OBASE 1.41 0.50 1.23 0.85 0.97 1.47 0.89 1.03
PAPIL 1.50 1.81 3.95 0.85 0.45 5.90 1.62 0.40
PENTA 1.40 1.33 0.79 151 2.45 1.38 0.77 2.85
PKART 249 1.33 0.93 1.05 2.67 1.33 0.70 2.86
SMART 6.65 2.64 2.79 5.38 0.90 1.39 3.29 0.94
VBTYZ 1.20 1.33 2.40 0.94 1.25 1.60 1.44 3.82

Karar matrisi olusturulduktan sonra Esitlik (4)’te yer alan hesaplamalar yapilmis ve
normalize karar matrisi Tablo 5’deki gibi olusturulmustur.

Tablo 5. Normalize Karar Matrisi

';:).'Eir Maks. Maks. Maks. Maks. Min. Maks. Maks. Maks.
K1 K2 K3 K4 K5 K6 K7 K8
ALCTL 0.85 0.42 0.41 1.00 0.27 0.66 0.68 0.15
ARDYZ 0.48 0.07 0.13 0.16 0.30 0.84 0.21 0.19
ARENA 0.76 0.32 0.54 0.19 0.88 0.93 0.96 0.06
ATATP 0.57 0.17 0.18 0.12 0.28 0.79 0.35 0.14
AZTEK 0.59 0.32 0.17 0.18 0.58 0.87 0.53 0.05
DESPC 0.64 0.28 0.47 0.23 0.84 0.93 0.94 0.06
DGATE 0.96 0.23 0.58 0.24 0.81 0.92 0.93 0.06
EDATA 0.48 0.32 0.15 0.45 0.42 0.82 0.78 0.11
ESCOM 0.76 0.99 0.63 0.46 0.01 1.00 0.19 1.00
FONET 0.50 0.20 0.23 0.39 0.33 0.93 0.37 0.24
HTTBT 0.47 0.22 0.36 0.22 0.11 0.63 0.34 0.32
INDES 0.65 0.32 0.39 0.20 0.85 0.93 0.94 0.06
INGRM 0.57 1.00 0.54 0.29 0.81 0.91 1.00 0.08
KAREL 0.76 0.32 1.00 0.22 0.80 0.95 0.65 0.12
KFEIN 0.53 0.12 0.20 0.20 0.30 0.74 0.52 0.11
KRONT 0.90 0.17 0.25 0.44 0.47 0.87 0.21 0.19
LINK 0.75 0.32 0.14 0.29 0.07 0.27 0.22 0.29
LOGO 0.74 0.31 0.24 0.40 0.54 0.99 0.23 0.21
MANAS 1.00 0.32 0.44 0.10 0.63 0.92 0.23 0.23
MIATK 0.54 0.29 0.13 0.20 0.24 0.76 0.26 0.12
MOBTL 0.69 0.32 0.42 0.27 0.32 0.91 0.77 0.14
MTRKS 0.56 0.21 0.12 0.28 0.34 0.91 0.46 0.08
NETAS 0.76 0.32 0.61 0.19 1.00 0.98 0.88 0.13
OBASE 0.69 0.86 0.33 0.46 0.27 0.84 0.79 0.18
PAPIL 0.65 0.24 0.10 0.46 0.13 0.21 0.43 0.46
PENTA 0.69 0.32 0.52 0.26 0.67 0.90 0.91 0.06
PKART 0.39 0.32 0.44 0.37 0.74 0.93 0.99 0.06
SMART 0.15 0.16 0.15 0.07 0.25 0.89 0.21 0.19
VBTYZ 0.81 0.32 0.17 0.41 0.34 0.77 0.48 0.05

Tablo 6’da ise, alternatiflerin genel performans degeri Esitlik (5) kullanilarak
hesaplanmistir.
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Tablo 6. Firmalarin Genel Performans Degerlerinin (S;) Hesaplanmasi

Si Si Si

ALCTL 0.55 HTTBT 0.79 MOBTL 0.64
ARDYZ 0.91 INDES 0.64 MTRKS 0.81
ARENA 0.61 INGRM 0.50 NETAS 0.54
ATATP 0.85 KAREL 0.54 OBASE 0.55
AZTEK 0.78 KFEIN 0.83 PAPIL 0.82
DESPC 0.63 KRONT 0.71 PENTA 0.62
DGATE 0.60 LINK 0.88 PKART 0.63
EDATA 0.70 LOGO 0.66 SMART 0.97
ESCOM 0.67 MANAS 0.67 VBTYZ 0.76
FONET 0.71 MIATK 0.85

Firmalarin performans degerleri Esitlik (6) kullanilarak hesaplanmig Tablo 7’de
sunulmustur.

Tablo 7. Firmalarin Performans Degerlerinin (S'l.].) Hesaplanmasi

K1 K2 K3 K4 K5 K6 K7 K8
ALCTL 0.54 0.49 0.49 0.55 0.46 0.52 0.53 0.41
ARDYZ 0.87 0.77 0.80 0.81 0.84 0.90 0.83 0.82
ARENA 0.59 0.53 0.56 0.49 0.60 0.60 0.60 0.40
ATATP 0.82 0.75 0.75 0.73 0.78 0.84 0.79 0.74
AZTEK 0.75 0.71 0.67 0.67 0.74 0.77 0.74 0.59
DESPC 0.60 0.54 0.58 0.53 0.62 0.63 0.63 0.43
DGATE 0.60 0.50 0.57 0.50 0.59 0.60 0.60 0.39
EDATA 0.65 0.62 0.57 0.65 0.64 0.68 0.68 0.55
ESCOM 0.65 0.67 0.64 0.62 0.34 0.67 0.56 0.67
FONET 0.67 0.61 0.62 0.65 0.64 0.71 0.65 0.62
HTTBT 0.75 0.70 0.73 0.70 0.66 0.77 0.73 0.73
INDES 0.62 0.57 0.58 0.53 0.63 0.64 0.64 0.44
INGRM 0.46 0.50 0.46 0.41 0.49 0.50 0.50 0.29
KAREL 0.52 0.45 0.54 0.42 0.52 0.53 0.51 0.37
KFEIN 0.79 0.71 0.74 0.74 0.76 0.81 0.79 0.70
KRONT 0.70 0.59 0.62 0.65 0.66 0.70 0.61 0.60
LINK 0.87 0.82 0.77 0.81 0.73 0.81 0.80 0.81
LOGO 0.64 0.58 0.56 0.60 0.62 0.66 0.56 0.55
MANAS 0.67 0.60 0.62 0.52 0.64 0.67 0.58 0.57
MIATK 0.82 0.78 0.73 0.76 0.77 0.83 0.78 0.73
MOBTL 0.61 0.56 0.58 0.54 0.56 0.63 0.62 0.50
MTRKS 0.78 0.73 0.69 0.74 0.75 0.81 0.77 0.66
NETAS 0.52 0.46 0.51 0.41 0.54 0.54 0.53 0.38
OBASE 0.52 0.54 0.47 0.49 0.45 0.54 0.53 0.42
PAPIL 0.80 0.74 0.69 0.78 0.70 0.73 0.77 0.78
PENTA 0.59 0.54 0.57 0.52 0.59 0.61 0.61 0.41
PKART 0.57 0.55 0.58 0.56 0.61 0.63 0.63 0.43
SMART 0.87 0.87 0.87 0.83 0.90 0.96 0.89 0.88
VBTYZ 0.75 0.69 0.65 0.71 0.70 0.74 0.72 0.56

MEREC yonteminin son asamasinda mutlak farklar toplam elde edildikten sonra kriter
agirliklan sirastyla Esitlik (7) ve (8) uygulanarak elde edilmistir. Elde edilen sonuglar Tablo 8’de
gosterilmistir.
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Tablo 8. Mutlak Fark Toplamlarinin (E;) ve Kriter Airliklarinin (w;) Hesaplanmasi

K1 K2 K3 K4 K5 K6 K7 K8
(Ep) 0.84 2.26 2.23 2.49 1.89 0.40 1.26 3.98
(w)) 0.05 0.15 0.15 0.16 0.12 0.03 0.08 0.26

4.2. MEREC Yo6ntemine fliskin Bulgular

Calismanin bu kisminda kriterlerin agirliklandirilmasinda kullanilan MEREC yonteminin
uygulanmasi sonucunda elde edilen bulgular yer almaktadir. Tablo 9’da calismanin tiim
donemleri i¢in kriter agirliklarina yer verilmistir. MEREC yontemine gore kriter agirliklarinin
incelenen donemlere gore degiskenlik gosterdigi goriilmektedir. Bununla birlikte, MEREC
yontemine gore en 6nemli kriterin agirlikli olarak K8 (Aktif Devir Hiz1) oldugu goriilmektedir.
Bu kriterden sonraki genel olarak en yiiksek agirliga sahip olan kriter, K3 (Aktif Karlilik Orani)
kriteridir. En diisiik nem agirligina sahip kriterin ise K6 (Cari Oran) oldugu goriilmektedir.

Tablo 9. Tiim Dénemler i¢in Kriter Agirhklari

Déonem  Yoéntem K1 K2 K3 K4 K5 K6 K7 K8
2023:12 MEREC  0.07 0.05 0.51 0.03 0.11 0.04 0.08 0.11
2023:09 MEREC  0.05 0.15 0.15 0.16 0.12 0.03 0.08 0.26
2023:06 MEREC  0.03 0.44 0.09 0.09 0.10 0.03 0.07 0.15
2023:03 MEREC  0.03 0.10 0.14 0.13 0.19 0.04 0.11 0.26

4.3. Performans Siralamasinda MARCOS Yoéntemi Uygulamasi

BIST bilisim sektorii firmalar {izerinde Piotroski F-skoru bilesenlerine dayah kriterlerin
agirliklandirilmasindan sonra performans siralamalarini elde etmek igin MARCOS yontemi
uygulanmigtir. Yonteme gore izlenen 2023 yilinin {gilincii ¢eyregine ait 6rnek uygulama
adimlarina Tablo 10-14 araliginda yer verilmektedir. Tablo 10°’da MARCOS ydnteminin ilk
asamasindaki karar matrisi olusturulmaktadir. Yontemin uygulanmasinda kullanilacak karar
matrisi 8 farkli kriter ve 29 alternatife gore diizenlenmistir.

Tablo 10. Karar Matrisi

P‘({:;;[Sir Maks. Maks. Maks. Maks. Min. Maks. Maks. Maks.

K1 K2 K3 K4 K5 K6 K7 K8
ALCTL -36.9 -33.3 47 -49.9 28.2 4.3 15.6 1.1
ARDYZ 218.9 477.8 37.3 169.2 30.9 2.0 87.2 0.9
ARENA 0.0 0.0 1.1 126.7 88.3 1.1 6.0 2.9
ATATP 120.6 128.7 24.2 264.2 29.0 2.5 46.5 1.2
AZTEK 106.0 0.0 26.0 141.3 58.6 1.7 25.1 35
DESPC 70.6 24.3 2.9 92.6 84.1 1.2 6.6 2.9
DGATE -75.2 54.9 0.3 85.3 81.0 1.2 6.9 3.0
EDATA 217.7 0.0 315 0.6 435 2.1 11.3 1.6
ESCOM 0.0 -96.4 -0.7 0.0 2.9 0.6 100.0 0.0
FONET 196.1 85.0 16.3 16.4 33.8 1.2 43.0 0.6
HTTBT 227.3 66.8 6.9 94.9 12.5 4.7 47.9 0.4
INDES 65.5 0.0 5.5 114.3 85.7 1.1 6.7 3.2
INGRM 127.2 -97.1 1.0 53.5 81.6 1.3 5.2 2.3
KAREL 0.0 0.0 -4.3 93.7 80.6 1.0 17.3 1.4
KFEIN 163.0 226.3 20.2 121.0 31.0 3.1 25.4 1.7
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Tablo 10. Devam

KRONT -53.3 134.1 14.8 3.7 48.2 1.7 87.2 0.8
LINK 6.6 0.0 33.7 50.0 8.9 20.3 85.8 0.5
LOGO 10.8 6.8 16.0 12.8 54.9 0.7 78.6 0.8
MANAS -85.3 0.0 3.6 305.9 63.4 1.2 78.5 0.7
MIATK 150.0 14.7 38.8 112.4 25.2 2.9 67.3 1.5
MOBTL 38.9 0.0 4.2 63.7 334 1.3 11.7 1.2
MTRKS 128.2 72.3 43.0 57.3 34.7 1.3 30.7 2.4
NETAS 0.0 0.0 -0.3 129.5 100.0 0.7 8.1 1.4
OBASE 40.3 -89.3 8.3 0.0 28.0 2.0 11.2 0.9
PAPIL 66.2 52.1 50.0 0.0 14.1 27.6 34.6 0.2
PENTA 37.7 0.0 15 70.5 68.0 1.4 7.4 2.9
PKART 350.4 0.0 3.7 21.8 74.1 1.2 5.4 2.9
SMART 1542.9 141.8 32.2 487.9 26.2 15 87.5 0.8
VBTYZ -18.7 0.0 26.3 10.0 35.6 2.7 28.8 3.9

Tablo 11°de karar matrisine Esitlik (11) ve (12)’de hesaplanan ideal (Al) ve ideal olmayan
¢oziim (AAI) degerleri eklenerek Esitlik (10)’a gére diizenlenen genisletilmis karar matrisi
olusturulmustur.

Tablo 11. Genisletilmis Karar Matrisi
Kriter

Yonii Maks. Maks. Maks. Maks. Min. Maks. Maks. Maks.

K1 K2 K3 K4 K5 K6 K7 K8
AAl -85.3 -97.1 -4.3 -49.9 100.0 0.6 5.2 0.0
ALCTL -36.9 -33.3 4.7 -49.9 28.2 4.3 15.6 1.1
ARDYZ 218.9 477.8 37.3 169.2 30.9 2.0 87.2 0.9
ARENA 0.0 0.0 1.1 126.7 88.3 11 6.0 2.9
ATATP 120.6 128.7 24.2 264.2 29.0 2.5 46.5 1.2
AZTEK 106.0 0.0 26.0 141.3 58.6 1.7 25.1 35
DESPC 70.6 24.3 2.9 92.6 84.1 1.2 6.6 2.9
DGATE -75.2 54.9 0.3 85.3 81.0 1.2 6.9 3.0
EDATA 217.7 0.0 315 0.6 43.5 2.1 11.3 1.6
ESCOM 0.0 -96.4 -0.7 0.0 2.9 0.6 100.0 0.0
FONET 196.1 85.0 16.3 16.4 33.8 1.2 43.0 0.6
HTTBT 227.3 66.8 6.9 94.9 12.5 4.7 47.9 0.4
INDES 65.5 0.0 5.5 114.3 85.7 11 6.7 3.2
INGRM 127.2 -97.1 1.0 53.5 81.6 1.3 5.2 2.3
KAREL 0.0 0.0 -4.3 93.7 80.6 1.0 17.3 1.4
KFEIN 163.0 226.3 20.2 121.0 31.0 3.1 25.4 1.7
KRONT -53.3 134.1 14.8 3.7 48.2 1.7 87.2 0.8
LINK 6.6 0.0 33.7 50.0 8.9 20.3 85.8 0.5
LOGO 10.8 6.8 16.0 12.8 54.9 0.7 78.6 0.8
MANAS -85.3 0.0 3.6 305.9 63.4 1.2 78.5 0.7
MIATK 150.0 14.7 38.8 112.4 25.2 2.9 67.3 15
MOBTL 38.9 0.0 4.2 63.7 334 1.3 11.7 1.2
MTRKS 128.2 72.3 43.0 57.3 34.7 1.3 30.7 2.4
NETAS 0.0 0.0 -0.3 129.5 100.0 0.7 8.1 1.4
OBASE 40.3 -89.3 8.3 0.0 28.0 2.0 11.2 0.9
PAPIL 66.2 52.1 50.0 0.0 14.1 27.6 34.6 0.2
PENTA 37.7 0.0 15 70.5 68.0 1.4 7.4 2.9
PKART 350.4 0.0 3.7 21.8 74.1 1.2 5.4 2.9
SMART 1542.9 141.8 32.2 487.9 26.2 1.5 87.5 0.8
VBTYZ -18.7 0.0 26.3 10.0 35.6 2.7 28.8 3.9
Al 1542.9 477.8 50.0 487.9 2.9 27.6 100.0 3.9
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Sonraki agamada karar matrisi elemanlarini normalize etmek i¢in Esitlik (14) ve (15)’te yer
alan hesaplamalar yapilarak Esitlik (13)’e gore normalize karar matrisi olusturulmustur (Tablo
12).

Tablo 12. Normalize Karar Matrisi

l;:).'ltleﬁr Maks. Maks. Maks. Maks. Min. Maks. Maks. Maks.
K1 K2 K3 K4 K5 K6 K7 K8
AAl -0.06 -0.20 -0.09 -0.10 0.03 0.02 0.05 0.00
ALCTL -0.02 -0.07 0.09 -0.10 0.10 0.16 0.16 0.29
ARDYZ 0.14 1.00 0.75 0.35 0.09 0.07 0.87 0.22
ARENA 0.00 0.00 0.02 0.26 0.03 0.04 0.06 0.74
ATATP 0.08 0.27 0.48 0.54 0.10 0.09 0.47 0.31
AZTEK 0.07 0.00 0.52 0.29 0.05 0.06 0.25 0.89
DESPC 0.05 0.05 0.06 0.19 0.03 0.04 0.07 0.73
DGATE -0.05 0.11 0.01 0.17 0.04 0.04 0.07 0.76
EDATA 0.14 0.00 0.63 0.00 0.07 0.08 0.11 0.40
ESCOM 0.00 -0.20 -0.01 0.00 1.00 0.02 1.00 0.00
FONET 0.13 0.18 0.33 0.03 0.09 0.04 0.43 0.16
HTTBT 0.15 0.14 0.14 0.19 0.23 0.17 0.48 0.11
INDES 0.04 0.00 0.11 0.23 0.03 0.04 0.07 0.82
INGRM 0.08 -0.20 0.02 0.11 0.04 0.05 0.05 0.58
KAREL 0.00 0.00 -0.09 0.19 0.04 0.04 0.17 0.36
KFEIN 0.11 0.47 0.40 0.25 0.09 0.11 0.25 0.43
KRONT -0.03 0.28 0.30 0.01 0.06 0.06 0.87 0.21
LINK 0.00 0.00 0.67 0.10 0.32 0.74 0.86 0.12
LOGO 0.01 0.01 0.32 0.03 0.05 0.03 0.79 0.19
MANAS -0.06 0.00 0.07 0.63 0.05 0.05 0.79 0.17
MIATK 0.10 0.03 0.78 0.23 0.11 0.11 0.67 0.39
MOBTL 0.03 0.00 0.08 0.13 0.09 0.05 0.12 0.30
MTRKS 0.08 0.15 0.86 0.12 0.08 0.05 0.31 0.61
NETAS 0.00 0.00 -0.01 0.27 0.03 0.03 0.08 0.34
OBASE 0.03 -0.19 0.17 0.00 0.10 0.07 0.11 0.23
PAPIL 0.04 0.11 1.00 0.00 0.21 1.00 0.35 0.06
PENTA 0.02 0.00 0.03 0.14 0.04 0.05 0.07 0.73
PKART 0.23 0.00 0.07 0.04 0.04 0.04 0.05 0.74
SMART 1.00 0.30 0.64 1.00 0.11 0.05 0.88 0.21
VBTYZ -0.01 0.00 0.53 0.02 0.08 0.10 0.29 1.00
Al 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Tablo 13’te yer alan agirlikli normalize karar matrisi Esitlik (16) ve (17) kullanilarak
olusturulmustur.

Tablo 13. Agirlhikh Normalize Karar Matrisi

};gfﬁir Maks. Maks. Maks. Maks. Min. Maks. Maks. Maks.
Agirlik 0.05 0.15 0.15 0.16 0.12 0.03 0.08 0.26
K1 K2 K3 K4 K5 K6 K7 K8

AAl 0.00 -0.03 -0.01 -0.02 0.00 0.00 0.00 0.00
ALCTL 0.00 -0.01 0.01 -0.02 0.01 0.00 0.01 0.07
ARDYZ 0.01 0.15 0.11 0.06 0.01 0.00 0.07 0.06
ARENA 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.19
ATATP 0.00 0.04 0.07 0.09 0.01 0.00 0.04 0.08
AZTEK 0.00 0.00 0.08 0.05 0.01 0.00 0.02 0.23
DESPC 0.00 0.01 0.01 0.03 0.00 0.00 0.01 0.19
DGATE 0.00 0.02 0.00 0.03 0.00 0.00 0.01 0.20
EDATA 0.01 0.00 0.09 0.00 0.01 0.00 0.01 0.10
ESCOM 0.00 -0.03 0.00 0.00 0.12 0.00 0.08 0.00
FONET 0.01 0.03 0.05 0.01 0.01 0.00 0.04 0.04
HTTBT 0.01 0.02 0.02 0.03 0.03 0.00 0.04 0.03
INDES 0.00 0.00 0.02 0.04 0.00 0.00 0.01 0.21
INGRM 0.00 -0.03 0.00 0.02 0.00 0.00 0.00 0.15
KAREL 0.00 0.00 -0.01 0.03 0.00 0.00 0.01 0.09
KFEIN 0.01 0.07 0.06 0.04 0.01 0.00 0.02 0.11
KRONT 0.00 0.04 0.04 0.00 0.01 0.00 0.07 0.05
LINK 0.00 0.00 0.10 0.02 0.04 0.02 0.07 0.03
LOGO 0.00 0.00 0.05 0.00 0.01 0.00 0.06 0.05
MANAS 0.00 0.00 0.01 0.10 0.01 0.00 0.06 0.04
MIATK 0.01 0.00 0.11 0.04 0.01 0.00 0.06 0.10
MOBTL 0.00 0.00 0.01 0.02 0.01 0.00 0.01 0.08
MTRKS 0.00 0.02 0.12 0.02 0.01 0.00 0.03 0.16
NETAS 0.00 0.00 0.00 0.04 0.00 0.00 0.01 0.09
OBASE 0.00 -0.03 0.02 0.00 0.01 0.00 0.01 0.06
PAPIL 0.00 0.02 0.15 0.00 0.03 0.03 0.03 0.02
PENTA 0.00 0.00 0.00 0.02 0.01 0.00 0.01 0.19
PKART 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.19
SMART 0.05 0.04 0.09 0.16 0.01 0.00 0.07 0.05
VBTYZ 0.00 0.00 0.08 0.00 0.01 0.00 0.02 0.26
Al 0.05 0.15 0.15 0.16 0.12 0.03 0.08 0.26
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Tablo 14’te yer alan degerlerin hesaplanmasi igin Esitlik (18), (19), (20), (21), (22) ve
(23)’den yararlanilmis ve MARCOS yo6ntemine gore performans siralamalari elde edilmistir.

Tablo 14. S;, K{, K7, f(K{), f(K}), f(K;) Degerlerinin ve Siralamalarin Hesaplanmasi

Si K; K fCKD  f(KD)  f(K) Siralama

AAI -0.05 1

ALCTL 0.09 -1.66 0.09 1.057 -0.057 0.459 28
ARDYZ 0.46 -8.61 0.46 1.057 -0.057 0.248 2
ARENA 0.25 -4.64 0.25 1.057 -0.057 0.334 14
ATATP 0.34 -6.26 0.34 1.057 -0.057 0.383 6
AZTEK 0.38 -7.19 0.38 1.057 -0.057 0.250 3
DESPC 0.25 -4.68 0.25 1.057 -0.057 0.251 13
DGATE 0.25 -4.70 0.25 1.057 -0.057 0.221 12
EDATA 0.22 -4.15 0.22 1.057 -0.057 0.174 18
ESCOM 0.17 -3.25 0.17 1.057 -0.057 0.173 22
FONET 0.17 -3.23 0.17 1.057 -0.057 0.180 23
HTTBT 0.18 -3.37 0.18 1.057 -0.057 0.278 20
INDES 0.28 -5.22 0.28 1.057 -0.057 0.155 9
INGRM 0.16 -2.90 0.16 1.057 -0.057 0.131 24
KAREL 0.13 -2.45 0.13 1.057 -0.057 0.319 27
KFEIN 0.32 -5.98 0.32 1.057 -0.057 0.218 8
KRONT 0.22 -4.09 0.22 1.057 -0.057 0.275 19
LINK 0.28 -5.15 0.28 1.057 -0.057 0.175 10
LOGO 0.18 -3.27 0.18 1.057 -0.057 0.223 21
MANAS 0.22 -4.19 0.22 1.057 -0.057 0.331 17
MIATK 0.33 -6.20 0.33 1.057 -0.057 0.135 7
MOBTL 0.13 -2.52 0.13 1.057 -0.057 0.365 26
MTRKS 0.37 -6.85 0.37 1.057 -0.057 0.142 5
NETAS 0.14 -2.66 0.14 1.057 -0.057 0.082 25
OBASE 0.08 -1.54 0.08 1.057 -0.057 0.258 29
PAPIL 0.26 -4.83 0.26 1.057 -0.057 0.231 11
PENTA 0.23 -4.33 0.23 1.057 -0.057 0.231 16
PKART 0.23 -4.33 0.23 1.057 -0.057 0.494 15
SMART 0.50 -9.26 0.50 1.057 -0.057 0.373 1
VBTYZ 0.37 -7.00 0.37 1.057 -0.057 0.089 4
Al 1 1

4.4. MARCOS Yéntemine fliskin Bulgular

Calismanin bu kisminda MEREC yontemiyle elde edilen kriter agirliklart kullanilarak
MARCOS yontemine gore elde edilen performans siralamalarina iligkin bulgular yer almaktadir.
Tablo 15°de MARCOS yontemine gore BIST bilisim sektorii firmalarmin dénemler itibariyle
performans siralamalar1 yer almaktadir.
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Tablo 15. MARCOS Yontemine Gore Performans Siralamalari

Donem 2023:Q1 2023:Q2 2023:Q3 2023:0Q4
Firmalar Siralama Siralama Siralama Siralama

ALCTL 24 27 28 4

ARDYZ 9 28 2 26
ARENA 11 16 14 10
ATATP 18 1 6 18
AZTEK 1 8 3 19
DESPC 15 20 13 3

DGATE 17 19 12 2

EDATA 7 17 18 17
ESCOM 4 29 22 29
FONET 25 6 23 23
HTTBT 19 21 20 21
INDES 14 14 9 8

INGRM 20 4 24 6

KAREL 27 24 27 11
KFEIN 16 15 8 20
KRONT 23 9 19 22
LINK 10 12 10 13
LOGO 22 13 21 12
MANAS 8 26 17 15
MIATK 3 7 7 27
MOBTL 26 25 26 16
MTRKS 6 3 5 28
NETAS 29 5 25 14
OBASE 28 22 29 5

PAPIL 2 11 11 24
PENTA 12 18 16 9

PKART 21 23 15 7

SMART 13 2 1 25
VBTYZ 5 10 4 1

2023 yilinin ilk ¢eyregine iligskin sonuglar degerlendirildiginde, MEREC tabanli MARCOS
yontemine gore en iyi performans gosteren firmalar sirasiyla AZTEK ve PAPIL olarak
gerceklesmistir. En diisiik performansi gésteren firmalarin ise sirasiyla NETAS ve OBASE
oldugu goriilmektedir. 2023 yilinin ikinci g¢eyregine iliskin sonuglar incelendiginde, en iyi
performansi gosteren firmalar sirasiyla ATATP ve SMART firmalari iken, en diisiik performans
gosteren firmalar sirasiyla ESCOM ve ARDYZ firmalar1 olarak gergeklesmistir. 2023 yilinin
iiciincli ¢eyregine iliskin sonuclar incelendiginde, en iyi performansi sirasiyla SMART ve
ARDYZ firmalarinin gosterdigi saptanmustir. En diisiik performans gosteren firmalar ise sirasiyla
OBASE ve KAREL oldugu tespit edilmistir. 2023 yilmin son geyregine iligkin sonuclar
incelendiginde en iyi performansi sirasiyla VBTYZ ve DGATE firmalar sergilerken, en diisiik
performanst ESCOM ve MTRKS firmalar1 gostermistir.

4.5. Duyarhlik Analizi Sonuclari

Arastirmada yer alan alternatiflerin performans siralamalarinda, kriter agirliklarinin
farklilasmasiyla meydana gelebilecek degisiminin incelenmesi duyarlilik analizi ile
gerceklestirilmektedir (Pala, 2023: 135). Bu calismada Pala (2023) tarafindan gergeklestirilen
duyarlilik analizindeki 2 farkli senaryo benimsenerek duyarlilik analizi gergeklestirilmigtir. Bu
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dogrultuda calismada MEREC yontemiyle elde edilen ve mevcut durumu gosteren Kriter
agirliklarinin (M) yaninda, tiim kriterlere esit agirlik verilerek olusturulmus esit agirlikli senaryo
(S1) ve MEREC tabanli yontemde elde edilen en yiiksek ve en diisiik kriter agirliklarinin yer
degistirilmesiyle olusturulmus senaryo (S2) i¢in analizler yapilmistir. Calismada kriter
agirliklarinin farkli senaryolara gore degisiminin goriilmesi agisindan 2023:Q3 donemine iliskin

bir 6rnege Tablo 16’da yer verilmistir.

Tablo 16. Duyarhlik Analizi Kriter Agirhiklar: (2023:Q3)

Senaryolar K1 K2 K3 K4 K5 K6 K7 K8
M 0.055 0.147 0.145 0.162 0.123 0.026 0.082 0.259
S1 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125
S2 0.055 0.147 0.145 0.162 0.123 0.259 0.082 0.026

MEREC tabanli kriterler agirliklarinin yaninda yukarida bahsedilen Senoryo 1 (S1) ve
Senoryo 2 (S2)’nin uygulanmasiyla elde edilen performans siralama sonuglart Tablo 17’de

verilmistir.

Tablo 17. Tiim Donemler icin Duyarhlik Analizi Sonuclar:

Dénem 2023:Q1 2023:Q2 2023:Q3 2023:Q4
Firmalar M S1I S2 M SI S2 M SI S2 M sl s2
ALCTL 24 24 19 27 29 29 28 28 26 4 26 29
ARDYZ 9 9 8 28 12 11 2 2 3 26 5 10
ARENA 11 16 20 16 20 13 14 21 21 10 16 4
ATATP 18 14 13 1 4 8 6 6 5 18 14 14
AZTEK 1 3 10 8 6 4 3 8 11 19 19 7
DESPC 15 19 21 20 25 24 13 19 19 3 25 15
DGATE 17 21 25 19 23 21 12 22 20 2 27 18
EDATA 7 8 12 17 19 17 18 15 15 17 21 26
ESCOM 4 7 3 29 13 14 22 11 13 29 1 2
FONET 25 23 18 6 11 16 23 17 16 23 17 27
HTTBT 19 12 9 21 17 22 20 14 10 21 12 16
INDES 14 20 23 14 18 12 9 18 18 8 22 11
INGRM 20 22 2 4 16 20 24 26 29 6 24 22
KAREL 27 21 27 24 24 26 27 27 271 11 9 17
KFEIN 16 15 14 15 14 15 8 9 7 20 13 8
KRONT 23 18 16 9 5 2 19 12 12 22 6 6
LINK 10 4 6 12 3 7 10 3 4 13 8 12
LOGO 22 17 15 13 15 18 21 16 17 12 15 25
MANAS 8 5 4 26 28 28 17 13 9 15 18 24
MIATK 3 2 5 7 7 10 7 5 6 27 10 19
MOBTL 26 26 24 25 27 27 26 24 22 16 11 20
MTRKS 6 11 11 3 8 9 5 7 8 28 4 9
NETAS 29 29 29 5 21 23 25 25 25 14 7 3
OBASE 28 28 26 22 10 3 29 29 28 5 28 28
PAPIL 2 1 1 11 2 6 11 4 1 24 3 13
PENTA 12 6 2 18 22 19 16 23 23 9 20 5
PKART 20 25 28 23 26 25 15 20 24 7 23 23
SMART 13 10 7 2 1 1 1 1 2 25 2 1
VBTYZ 5 13 17 10 9 5 4 10 14 1 29 21
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Tablo 17°deki 2023 yilinin ilk ¢eyregindeki duyarlilik analizi sonuglari incelendiginde her
iic senaryo icin NETAS ve KAREL firmalarinin siralamalarinin degismedigi goriilmektedir.
Diger firmalarin ise performans siralamalar1 senaryolara gore degiskenlik gostermektedir. Mevcut
durumu ifade eden (M) MEREC yontemine gore ilk sirada yer alan AZTEK firmasinin, senaryo
1 (S1) ve senaryo 2 (S2) sonucuna gore performans siralamasinda diisiis meydana gelmistir. S1
ve S2 sonucuna gore en iyi performansi gosteren firma PAPIL olmustur. Bu dénemde en diisiik
performansin her ii¢ senaryoya gore degismeyerek NETAS firmasina ait oldugu goriilmektedir.
2023 yilinin ikinci ¢eyregine iliskin duyarlilik analizi sonuglarina gore her ii¢ senaryo igin ortak
siralamaya sahip firmanin olmadigi ve tiim senaryolar i¢in firma siralamalarinin degiskenlik
gosterdigi goriilmektedir. Bu donemde en iyi performansi (M) sonuclarina gére ATATP firmasi
sergilemistir. S1 ve S2 icin ise en iyi performanst SMART firmas1 sergilemistir. En diisiik
performansi ise M senaryosunda ESCOM firmasi, S1 ve S2 senaryosunda ise ortak olarak ALCTL
firmasi sergilemistir.

2023 yilimin ii¢iincii geyregine iliskin duyarlilik analizi sonuglarina gore her ti¢ senaryo igin
KAREL ve NETAS firmalarinin siralamalarinin degismedigi goriillmektedir. Diger firmalarin ise
performans siralamalari senaryolara gore degiskenlik gostermektedir. Bu donemde en iyi
performansin M ve S1 senaryosuna gore ortak olarak SMART firmasinin sergiledigi, S2
senaryosuna gore ise en iyi performansin PAPIL firmasin ait oldugu goriilmektedir. En diisiik
performansin ise M ve S1 senaryosunda ortak olarak OBASE firmasi sergilemistir. S2
senaryosuna gore ise INGRM firmasinin en diisiik performansa sahip oldugu bulgusuna
ulagtlmistir. 2023 yilinin dordiincii ¢eyregine iliskin duyarlilik analizi sonuglarina gore her {i¢
senaryo i¢in ortak siralamaya sahip firmanin olmadigi ve tiim senaryolar i¢in firma
siralamalarinin degiskenlik gosterdigi goriilmektedir. Bunula birlikte en iyi performanst M, S1 ve
S2 senaryolarma gore sirasiyla VBTYZ, ESCOM ve SMART firmalarinin sergiledigi tespit
edilmistir. En diisik performansin ise sirasiyla, ESCOM VBTYZ ve ALCTL firmalarinin
sergiledigi goriilmektedir.

Duyarlilik analizi sonuglarina gére tiim senaryolar icin siirekli ayni siralamada yer alan az
sayida firma bulundugu tespit edilmistir. Bununla birlikte farkli senaryolar i¢in elde edilen
sonuglarda 2023:Q4 donemi hari¢ diger donemlerde performans siralamasinda iist siralarda ve alt
siralarda yer alan firmalar agisindan ayni veya birbirine olduk¢a yakin sonuglar elde edildigi
goriilmektedir.

5. Sonug¢

Firmalarin igerisinde bulundugu rekabet ortamini her gegen giin daha da etkisini artirmakta
ve firmalarin bu siirecteki performanslart basari veya basarisizligi dogrudan etkilemektedir.
Firmalar arasindaki rekabetin en yogun olarak yagandigi sektorlerden birisi de bilisim sektoriidiir.
Rekabet giiciinii sermayeden alan geleneksel sektorlerin aksine, bilisim sektoriinin ARGE ve
inovasyona dayanan ozelligi sektordeki rekabeti daha agik bir hale getirmektedir. Firmalarin
faaliyetlerini siirdiiriilebilmeleri ise, yaptiklari planlamalara ve olusturduklar stratejilere baglidir.
Hig siiphesiz, yapilan planlama ve stratejilerin donemler igerisinde degerlendirilerek geri bildirim
alinmas1 basariy1 etkileyen bir faktordiir. Bu noktada, firmalarin finansal performanslarmin
degerlendirilmesi hem mevcut durumu degerlendirmede hem de gelecege yonelik stratejik
planlamadaki hedeflere ulagilmasi agisindan 6nemlidir.
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Bu calismanin amaci, BIST bilisim sektdrii firmalarmin finansal performansini
degerlendirmektir. Firmalarin finansal performansinin degerlendirilmesinde MEREC-MARCOS
biitiinlesik yaklagimi kullanilmistir. Ayrica degerlendirme kriterlerinin agirliklandirmada iki
farkli senaryo olusturularak duyarlilik analizleri yapilmis ve elde edilen sonuglar, MEREC
yontemine gore elde edilen sonuglar ile karsilagtirmali olarak incelenmistir. Bu calisma iki
yoniiyle mevcut literatiirden ayrilmaktadir. Ilk olarak, CKKV y&ntemlerinin yeni ydntemlerinden
MEREC ve MARCOS ile bilisim sektorii finansal performansinin incelenmemis olmasi galismay1
mevecut literatiirden ayirmaktadir. Ikincisi ise, Kriter seciminde Piotroski F-skoru bilesenlerinin
kullanildig: bir bagka ¢aligmaya rastlanilmamig olmasi yoniiyle de ¢aligma mevcut literatiirden
farklilagsmaktadir.

Calisma kapsaminda kullanilan kriter agirliklandirmada kullanllan MEREC yo6ntemi
sonuclarina gore, incelenen her bir donemde kriter agirliklarinda farklilasma oldugu
goriilmektedir. Bununla birlikte, elde edilen sonuglara gore bir genelleme yapildiginda en yiiksek
kriter agirligina sahip Piotroski F-skoru bilesenlerinin aktif devir hizi (K8) ve aktif karlilik orani
(K3) olarak siralandig1, buna karsin en diisiik kriter agirliginin cari oran (K6) bilesenine ait oldugu
sonucuna varilmistir.

MEREC tabanli MARCOS yaklasimina gore elde edilen performans siralamalari
incelediginde, 2023:Q1 doéneminde en iyi performans gosteren firmalar sirasiyla AZTEK, PAPIL
ve MIATK iken, en diisiik performans gosteren firmalar NETAS, OBASE ve KAREL olarak
gerceklesmistir. 2023:Q2 sonuglart incelendiginde sirastyla ATATP, SMART ve MTRKS
firmalarinin en iyi performans gosterdigi, buna karsin ESCOM, ARDYZ ve ALCTL firmalarinin
en diisiik performansi gosterdigi tespit edilmistir. 2023:Q3 sonuclarina gore en iyi performansi
SMART, ARDYZ ve AZTEK firmalar sergilemistir. En diisiik performansa sahip firmalar ise
sirastyla. OBASE, ALCTL ve KAREL firmalar1 olmustur. 2023:Q4 doneminde en iyi
performansa sahip firmalar sirastyla AZTEK, PAPIL ve MIATK iken, en diisiik performans sahip
firmalarin  sirasiyla  NETAS, OBASE ve KAREL oldugu tespit edilmistir. Kriter
agirliklandirmada MEREC yonteminin yaninda iki farkli senaryo olusturularak duyarlilik
analizleri gergeklestirilmistir. Duyarlilik analizi sonuglarina gore, her iki senaryo i¢in de 2023:Q4
donemi haricinde en iyi ve en diisiik performans siralamalarinda birbirinin aynisi veya yakin
sonuclarin elde edildigi tespit edilmistir.

Calisgmada MEREC tabanli MARCOS yonteminden elde edilen sonuglara gore, en iyi
performansin genel olarak SMART ve PAPIL firmalarina ait oldugu tespit edilmistir. Ayrica, en
diisiik performansa sahip firmalarin ise genel olarak KAREL ve OBASE firmalarina oldugu
sonucuna ulasilmistir. Bununla birlikte, incelenen bilisim sektorii firmalarinda siirekli olarak en
iyi performans ile en diisiik performans gosteren bir firmanin tam olarak belirlenmesinin giig
oldugu goriilmektedir. Bu yoniiyle elde edilen bulgular incelenen donemler itibariyle
dalgalanmalar gostermektedir. Bu baglamda elde edilen sonuglar, Sakarya ve Ermayan (2022) ve
Pala (2023) tarafindan yapilan ¢alismalarin sonuglariyla benzerlik géstermektedir. Bu durumunun
temel nedenlerinden birisi olarak ¢alismalar1 farkli donemler, farkli performans degerlendirme
kriterleri ve farkli yontemlerle analiz edilmesi gosterilebilir. Ayrica, bilisim sektdriiniin dinamik
yapist dikkate alindiginda finansal performanslarin donemler itibariyle degiskenlik gdstermesi
normal bir durum olarak goriilebilir.

Finansal performans analizi sonuglarina gore diisilk performans gosteren firmalarin
Piotroski F-skoru bilesenlerine dayali olarak degerlendirme yapildiginda karlilik bilesenlerini
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artirmalari, uygun bir mali yapiya sahip olmalar1 ve operasyonel faaliyetlerindeki verimlilik
diizeylerini iyilestirmeleri gerekmektedir.

Bundan sonraki ¢aligmalarda Piotroski F-skoru bilesenleri daha genis bir zaman diliminde
kullanilarak analiz yapilabilecegi gibi farkli sektorler icin de finansal performans analizi
gergeklestirilebilir. Ayrica, kriter agirliklandirmada farkli yontemler uygulanarak Piotroski F-
skoru kriterlerinin 6nem diizeylerinin karsilagtirmali olarak incelendigi c¢aligmalarinda
literatiirdeki boslugu dolduracag: diistiniilmektedir.

Arastirma ve Yaymn Etigi Beyam
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu ¢alismada arastirma ve yayin etigine
uyulmustur.

Arastirmacilarin Katki Oram1 Beyani
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Arastirmacilarin Cikar Catismasi Beyam
Bu calismada herhangi bir potansiyel ¢ikar ¢atigsmasi bulunmamaktadir.
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THE NEXUS OF PIOTROSKI F-SCORE COMPONENTS AND MCDM
METHODS IN MEASURING FINANCIAL PERFORMANCE: AN
APPLICATION OF MEREC-BASED MARCOS

EXTENDED SUMMARY

Objective of Study

Today's world has seen a significant increase in the speed at which information is
disseminated, and this has led to a similar intensification of rivalry between businesses. The IT
sector, which shows rapid development with R&D and innovation processes, is also in an intense
competitive environment. The performance of firms under competitive conditions is the most
important factor affecting success or failure. For this reason, analyzing the financial performance
of firms is of great importance in examining their sustainability. The aim of this study is to
evaluate the financial performance of 29 firms in the BIST IT sector for the period 2023:Q1-
2023:Q4 using multi-criteria decision-making methods.

Literature Review

In the literature, there are many national and international studies analyzing the financial
performance of firms in the IT sector. In this section, some of these studies will be briefly
summarised. Inan1 and Gupta (2017) analyzed the performance of IT sector firms listed on the
Indian Stock Exchange for the period 2011-2015. Gok Kisa and Pergin (2018) examined the
performance of 11 IT sector firms in the Global 2000 list announced by Forbes Magazine for
2015. Atalay and Altin (2020) analyzed the relationship between the performance results and the
returns of the portfolios formed according to the performance, as well as the performance
evaluation of the IT sector companies operating in BIST in the 2014-2018 period. Aktas (2022)
comparatively examined the financial performance of companies operating in the BIST IT sector
before and during the pandemic in 2019-2020. Sakarya and ilkdogan (2022) evaluated the
financial performance of IT sector firms traded on BIST based on cash flow-based financial ratios.
Tilimingin et al. (2022) examined the relationship between the financial performance of sixteen
firms in the BIST IT sector and the Covid-19 pandemic between 2016-2021 based on thirteen
financial ratio data.

Methodology

MEREC-based MARCOS method is applied to analyze the performance of the companies.
In addition to the MEREC method for criteria weighting, sensitivity analyses were performed by
creating two different scenarios and the results were examined comparatively. After selecting the
components within the scope of Piotroski F-score to evaluate the performance of the companies
in the IT sector, the MEREC method was used for weighting each criterion. After determining
the criteria weights, the MARCOS method was used to determine the financial performance
rankings. The study differs from the existing literature in two aspects. Firstly, there is no study
that uses MEREC and MARCOS methods, which are among the current multi-criteria decision-
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making techniques, to analyze the performance of the BIST IT sector. In addition, the fact that
there is no study using Piotroski F score components as a performance evaluation criterion
distinguishes the study from the existing literature and reveals its originality.

Findings

Based on the results of the MEREC method used in the criteria weighting within the scope
of the study, it is seen that there is a differentiation in the criteria weights in each period examined.
However, when a generalization is made based on the results obtained, it is concluded that the
Piotroski F-score components with the highest criterion weights are listed as asset turnover (K8)
and return on assets ratio (K3), while the lowest criterion weight belongs to the current ratio (K6)
component. The results based on the criteria weights determined by the MEREC method show
that the best-performing firms for the period 2023:Q1-2023:Q4 are AZTEK, ATATP, SMART,
and VBTYZ, while the lowest-performing firms are NETAS, ESCOM, OBASE, and ESCOM. In
addition, two different scenarios were created for the sensitivity analysis conducted in the study.
According to the results of the sensitivity analysis, it was determined that for both scenarios,
identical or close results were obtained in the best and worst performance rankings, except for the
2023:Q4 period.

Conclusion

The results obtained from the MEREC-based MARCQOS method in the study show that the
best performance belongs to SMART and PAPIL companies in general. In addition, it is
concluded that the firms with the lowest performance are generally KAREL and OBASE.
However, it is seen that it is difficult to identify a firm that consistently shows the best
performance and the worst performance in the firms operated in the IT sector. In this respect, the
findings obtained show fluctuations in the periods. Considering the Piotroski F-score components,
firms with low performance should increase their profitability components, have a strong
financial structure, and improve their efficiency levels in their operational activities when
evaluated based on Piotroski components.
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Oz

Teknolojik degisme, ekonomik biiyiime siirecinin arkasindaki temel giictlir. Robotik siireg
otomasyonu ve robotlar, daha dnce ortaya ¢ikan buhar teknolojisinin ve elektrik enerjisinin
yarattig1 etkiler kadar ekonomik biiylime siirecine 6nemli katk: yapabilecek yeniliklerdir. Bu
¢alismanin amaci, robotlarin ve robotik siire¢ otomasyonun ekonomide Yyarattig1 degisimleri
aciklamak ve ileride sahip olacaklari potansiyeli tartigmaktir. Bu ¢aligmada, ilk olarak,
robotlarin ve robotik siire¢ otomasyonun ekonomide yarattigi degisimler agiklanmaya
calistlmistir. Bu gergevede, robotlarin ve robotik siire¢ otomasyonun emek iiretkenligi,
istihdam, iglerin niteligi, yatirimlar, hizmetler sektorii gibi alanlarda yarattig1 doniistimler ve
gelecek donemde yaratabilecekleri etkiler incelenmistir. Calismada ikinci olarak, robotik
siire¢ otomasyonun yarattig1 etkiler, 6rnek bankanin ticari kredi tahsis ve fatura 6deme
stirecleri lizerinden gosterilmistir. Her iki siiregte de robotik siire¢ otomasyonu kullanilmast,
iiretkenlik artisgina neden olmustur. Bu siiregclerde robotik siire¢ otomasyonundan
faydalanilmasi, istihdam kaybina sebep olmamistir. Ticari kredi tahsis ve fatura 6deme
stireclerinde robotik siire¢ otomasyonundan yararlanilmasi sonucunda c¢alisanlar, rutin
manuel ve tekrarli igleri yapmay1 birakmigslar, katma degeri daha yiiksek olan faaliyetlere
daha fazla zaman ayirma imkanina kavusmuslardir. Robotik siire¢ otomasyonu, biitiin bu
kazanimlar1 diger bankacilik uygulamalari ile karsilastirildiginda oldukga diisiik yatirim
maliyeti ile gergeklestirmistir. Yarattigi biitin bu etkiler sayesinde robotik siireg
otomasyonu, 6rnek bankada dnemli degisim yaratmustir.

Abstract

Technological change is the fundamental force behind the process of economic growth.
Robotic process automation and robots are innovations that can make a significant
contribution to the economic growth process, such as previously emerged steam technology
and electrical energy. The aim of this study is to explain the changes that are created by
robots and robotic process automation in the economy and to discuss the potential they will
have in the future. In this study, firstly, the changes created by robots and robotic process
automation in the economy have been attempted to be explained. Within this framework, the
transformations and potential future impacts of robots and robotic process automation on
labor productivity, employment, the nature of jobs, investments, and the services sector have
been examined. Secondly, the effects of robotic process automation are demonstrated
through the commercial loan allocation and bill payment processes of the sample bank. The
use of robotic process automation in both processes has caused productivity increase. Using
robotic process automation in these processes did not cause employment loss. As a result of
utilizing robotic process automation in commercial loan allocation and bill payment
processes, employees stopped doing routine, manual, and repetitive tasks and had the
opportunity to spend more time on activities with higher added value. Robotic process
automation has achieved all these gains with a very low investment cost compared to other
banking applications. Thanks to all these effects, robotic process automation has created a
significant change in the sample bank.
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1. Giris

On sekizinci yiizyilin sonunda ortaya cikan bir dizi icat ve yenilik, ingiltere'de pamuk
tiretimi basta olmak tizere, imalat sanayinde biiyiik degisimler yaratmistir. Sanayi devriminin
meydana gelmesine neden olan bu yenilik ve icatlar, toplumun biitiin alanlarinda derin
doniisiimlere sebep olmuslardir. Ingiltere'de emek iiretkenligi ve kisi basina diisen gelir, sanayi
devriminin sonucu olarak hizli sekilde artmigtir. Tarihte daha 6nce goriilmeyen kendi kendine
devam eden biiyiime siireci, ilk defa Ingiltere'de sanayi devriminin neticesinde ortaya ¢ikmustir.
Ekonomi ve bilgi, daha dnce hi¢ rastlanmayan bir sekilde hizli biiylime siirecine girmistir. Bu
hizli biiyiime siireci, sanayilesen llkeler ile sanayilesme siirecinde ge¢ kalan {ilkeler arasinda
gelir farkliliklarinin hizla artmasina neden olmustur (Landes, 2017).

Teknolojik degisim siireci, sanayi devriminin arkasindaki temel itici giigtiir. Ingiltere'de
on sekizinci ylizyilda iicretler, hem diger Avrupa iilkelerindeki {icretlere gore, hem de
sermayenin getirisine gore daha yiiksektir. Ingiltere, ayn1 zamanda, genis komiir yataklarina da
sahiptir. Bu durum, kdmiiriin ingiltere'de oldukga bol ve ucuz olmasi sonucunu dogurmaktadir.
Ingiltere'nin on sekizinci yiizyilda sahip oldugu bu 6zel kosullar, sanayi devrimi tetikleyen esas
faktorlerdir. Sermaye ve enerji kaynaklarmin emege gore daha ucuz ve bol olmasi, emek
tasarrufu ve verimlilik artis1 saglayacak yeniliklerin dniinii agnustir. Ozellikle buhar teknolojisi,
sanayinin ¢ok farkli alanlarinda kullanim imkanina sahip oldugu i¢in, sanayi devrimine yol agan
en 6nemli teknolojik yeniliktir (Allen, 2022).

Buhar teknolojisi gibi ekonomik bilyiime siirecinde dlgege gore artan getiriye neden olan
ve ekonomilerin kendi i¢sel dinamikleri ile gelismesine sebep olan yenilikler, genel amach
teknolojiler olarak adlandirilmaktadirlar (Moser ve Nicholas, 2004). Genel amagl teknolojiler
hem is diinyasin1 hem de insan hayatin1 degistirerek, toplumun biitiin alanlarinda 6nemli
doniisiimlere neden olmaktadirlar. Buhar teknolojisi, elektrik enerjisi, icten yanmali motorlar ve
bilgi islem teknolojileri, genel amagl teknolojiler olarak siniflandirilmaktadirlar (Jovanovic ve
Rousseau, 2005). Genel amagli teknolojilerin sahip oldugu {i¢ 6nemli 6zellik, ekonomilerin
biiylime siirecinde 6nemli rol oynamalarina neden olmaktadir. Bu o6zelliklerden ilki, genel
amacl teknolojilerin ¢ok farkli alanlarda kullanilabilmesidir. Genel amacl teknolojiler, ortaya
ciktiklart sanayiler disinda da genis kullanim alanina sahiptirler. Genel amagh teknolojilerin
ekonomide biiyiik doniisiim yaratmasina neden olan ikinci 6zellik, yeni iiriinlerin ve hizmetlerin
ortaya ¢ikmasini kolaylastirmalaridir. Bu durumun sonucu olarak, genel amacglh teknolojiler,
baska yeniliklerin de Oniinlii agmaktadirlar. Genel amagl teknolojilerin sahip oldugu igiincii
onemli ozellik, zaman iginde gelistirilmeye agik olmalaridir. Bu sayede, maliyetleri zamanla
O6nemli dlgtide azalmaktadir (Bresnahan ve Trajenberg: 1995; Javanovic ve Rousseau, 2005).

Robotlar, daha 6nce ortaya ¢ikan buhar teknolojisi, elektrik enerjisi, igten yanmali
motorlar ve bilgi islem teknolojileri gibi genel amacl teknolojilerin 6zelliklerini tagimaktadirlar.
Imalat sanayinde 1970'li yillarin basindan beri kullanilan robotlarin etkinligi, 1980 yillardan
itibaren artmistir. Diinya {lizerinde islevsel olan robotlarin tahmin edilen sayisi, 1973 yilinda
3000'dir. Bu say1 1990 yilinda 454.000'e ¢ikmustir (Firat ve Firat, 2017). Robotlar, 2000'li yillar
ile birlikte hizmetler sektériinde de kullanilmaya baglamiglardir. Gelecek donemde daha 6nce
ortaya ¢ikan genel amagli teknolojiler gibi biiyiik doniisimler yaratacak potansiyele sahiptirler.

Endiistri 4.0 siireci ve dayandigi teknolojiler, son donemde hem imalat sanayini hem de
hizmetler sektdriinii doniistirmektedirler. Ozellikle hizmetler sektoriinde genis uygulama alan
bulan robotik siire¢ otomasyonu, bu Endiistri 4.0 teknolojileri arasinda yer almaktadir. Robotik
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stire¢ otomasyonu, ¢alisanlarin gerceklestirdigi gorevleri taklit eden ve onlarin yerine yapabilen
bir bilgisayar yazilimi olarak tanimlanmaktadir. Robotik siire¢ otomasyonu, rutin, manuel ve
tekrarlt isleri basari ile gergeklestirebilmektedir. Robotik siire¢ otomasyonu, firmalara, hem
isleri daha hizli ve daha diisiik maliyet ile ger¢eklestirme imkani1 sunmakta, hem de yeni {iriin ve
hizmetlerin ortaya ¢ikmasina neden olmaktadir. Bu durum, robotik siire¢ otomasyonun,
ekonomide, robotlar ile benzer degisimi yaratacak potansiyele sahip oldugunu gostermektedir.

Bu calismanin amaci, robotlarin ve robotik siire¢ otomasyonun ekonomide yarattigi
degisimleri agiklamak ve ileride sahip olacaklari potansiyeli tartismaktadir. Caligma, O0rnek
bankanin uygulamalar1 lizerinden robotik siire¢ otomasyonun etkilerini gostererek ve robotlar ile
robotik siire¢ otomasyonun ekonomide yarattigi degisimleri detayli agiklamaya calisarak diger
arastirmalardan farklilagmaktadir. Caligmada ilk olarak, robotlarin emek tiretkenligi, istihdam,
iglerin niteligi, yatirnmlar, hizmetler sektorii gibi alanlarda yarattigi doniisiimler ve gelecek
dénemde yaratabilecekleri etkiler incelenecektir. Robot {iretimi, ayrica bir endiistridir ve bu
sekilde de ekonomiyi degistirmektedirler. Bu nedenle, ¢alismada, robot endiistrisinin genel
ozelliklerinden de bahsedilecektir. Robotik siire¢ otomasyonun emek iiretkenligi, istihdam,
islerin niteligi, yatirimlar ve hizmetler sektoriindeki etkileri, robotlarin ayn1 alanlarda yarattigi
degisimler dikkate alinarak, calismanin bir sonraki kisminda tartisilacaktir. Ozellikle hizmetler
sektoriinde onemli donilisiimler yaratma potansiyeline sahip olan robotik siire¢ otomasyonun
yarattig1 etkiler, 6rnek bir bankanin uygulamalari iizerinden, ¢aligmanin {iglincii boliimiinde
aciklanacaktir. Sonug¢ boliimiinde ise, robotlarin ve robotik siire¢ otomasyonun gelecegi
tartisilacak, daha 6nceki boliimlerde ulasilan sonuglar 6zetlenecektir.

2. Robotlarin ve Robotik Siire¢ Otomasyonun Ekonomide Yarattig1 Doniisiimler

Robotlar ve robotik siire¢ otomasyonu, ekonomide biiyikk degisimler yaratabilecek
potansiyele sahip teknolojilerdir. Calismanin bu boliimiiniin amaci, robotlarin ve robotik siire¢
otomasyonun sahip oldugu bu potansiyeli tartismak, ekonomide yarattiklart doniisiimleri
aciklamaktir. Bu cercevede bu boliim, iki alt boliime ayrilmistir. ilk alt béliim robotlari, ikinci
alt boliim ise robotik siire¢ otomasyonunun anlatmaktadir. Her bir alt boliim, robotlarin ve
robotik siire¢ otomasyonun iiretkenlik, istihdam, islerin niteligi, hizmetler sektorii, yatirimlar ve
iiretim aglar tizerindeki etkilerini agiklamaktadir.

2.1. Robotlarin Ekonomide Yarattig1 Doniisiimler

Robotlar, insan miidahalesi olmadan belirli gorevleri yerine getiren, farkli yonlerde
hareket yetenegine sahip, otomatik makineler olarak tanimlanmaktadirlar (Benmelech ve Zator,
2022). Emek iiretkenligine yaptiklart katki agisindan genel amacli teknoloji 6zelligi gosteren
robotlar, ekonomik ve sosyal degisimler yaratabilecek potansiyele sahiptirler. Bu nedenle, diger
genel amagli teknolojiler gibi, toplumun biitiin alanlarinda gelecek donemlerde degisimler
yaratabilirler (Cséfalvay, 2019; Jungmittag, 2021).

Robotlar ile buhar teknolojisinin emek tiretkenligi agisindan karsilastirilmasi, robotlarin
sahip oldugu genel amagli teknoloji potansiyelini anlamak igin yol gostericidir. Buhar
teknolojisi, sanayi devrimini takip eden dénemde, ingiltere'de, emek iiretkenligi artisina dnemli
katki yapmustir. Buhar teknolojisinin Ingiltere'de emek iiretkenligi artisina yillik katkisi, 1760
ile 1800 yillar1 arasindaki dénemde, %0,01'dir. Bu oran, 1850 ile 1870 yillar1 arasindaki
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donemde %0,41'e ¢ikmistir. Bu durum, genel amagh teknolojilerin ekonomik biiylime siirecine
katkilarinin ilk kullanilmaya basladiklar1 zamanda degil; gecikmeli olarak gergeklestigini
gostermektedir (Crafts, 2004). Robotlar, emek iiretkenligi artigina, buhar teknolojisi kadar katki
yapmaktadirlar. Fakat bu etki, sanayide kullanilmaya basladiklar1 1970'li yillarda degil, 1990'l1
yillardan itibaren goriilmeye baslamistir. Dolayisiyla, robotlarin da emek iiretkenligi artisina
katkis1, buhar teknolojisinde oldugu gibi, gecikmeli olarak ortaya ¢ikmistir. Graetz ve Michaels
(2018), 1993 ile 2007 yillar1 arasindaki dénemde, Fransa, 1talya, 1ngiltere, ABD, Almanya ve
Isvigre icin ortalama yillik emek iiretkenligi artisini, 0,36 olarak hesaplamistir. Bu oran,
Ingiltere'de 1850 ile 1870 yilindaki arasindaki doénemde, buhar teknolojisinin emek
iiretkenligine katkisi olan %0,41'e yakindir.

Imalat sanayi, robotlarin ekonomide yarattig1 etkinin en net goriildiigii alanlarin basinda
gelmektedir. Robotlar, 1970'i yillarin basindan itibaren, imalat sanayinde kullanilmaktadirlar.
Robotlarin imalat sanayinde kullanimlari, 1980'1i yillardan beri 6nemli Ol¢lide artmustir
(Zamalloa vd., 2017). Robotlar, basta otomotiv olmak iizere imalat sanayiinin farkli alanlarinda
otomasyona neden olmaktadirlar. Robotlar, imalat sanayinde genellikle montaj hattinda yapilan
faaliyetler gibi, rutin, tekrarli ve manuel isleri yapmaktadirlar (Baldwin ve Forslid, 2020).
Robotik alaninda yapilan yenilikler, 2000'li yillardan itibaren, hizmetler sektoriinde daha ¢ok
yogunlagmaya baglamistir. Hizmetler sektoriinde robotlarin kullaniminin, 6zellikle yapay zeka
alanindaki geligsmelerin etkisi ile gelecek donemde daha da cok artmasi beklenmektedir
(Zamalloa vd., 2017). Bilgisayarlarin hesaplama kapasitesinin biiylimesi, sayisal kontrollii alet
teknolojilerinde meydana gelen gelismeler, elektrik enerji depolama kapasitesinde ortaya ¢ikan
artig, elektronik giic etkinliginin 6nemli Slglide yiikselmesi, yerel diizeyde dijital iletisimin
kapasitesinin biiyiimesi, internet kullanimmin biitiin diinyaya yayilmasi, diinya ¢apinda veri
depolama kapasitesinin dnemli dl¢lide gelismesi gibi son yillarda meydana teknolojik yenilikler,
robotlarin ekonomide biiylik doniisiimler yaratma potansiyelini 6nemli dl¢iide artmistir (Pratt,
2015).

Robotlar, daha 6nce goriilen genel amacli teknolojiler gibi ekonomide biiyiik degisim
yaratacak potansiyele sahiptirler. Robotlarin ekonomide degisim yaratacagi alanlarin basinda,
emek {lretkenligi, istihdam, islerin niteligi, yatirnmlar ve hizmetler sektoriiniin yapisi
gelmektedir. Robot tiretim zinciri de yarattig1 istihdam ve katma deger ile tilke ekonomilerinin
gelismesine 6nemli etki yapmaktadir. Calismanin bu bdéliimiinde, robotlarin ekonominin bu
alanlarinda yarattig1 degisimler agiklanmaya calisilacaktir.

2.1.1. Robotlarin istihdam Uzerindeki Etkileri

Istihdam, robotlarin ekonomide en 6nemli doniisiimii yaratmasi beklenen alandir.
Firmalarin robotlar iiretim siireglerinde kullanmalarinin is piyasasinda yarattigi degisim, iki
etkinin sonucunda ortaya ¢ikmaktadir. Bu faktorlerden ilki, yer degisim etkisidir. Robotlar,
insanlarin yaptig1 islerin azalmasina sebep olmakta; dolayisiyla istihdamin diismesine yol
agmaktadirlar. Ikinci faktér ise, iiretkenlik etkisidir. Robotlarin yarattig1 iiretkenlik artis1, baska
alanlarda yeni islerin ortaya ¢ikmasi sonucunu dogurmakta; bu sayede, yer degisim etkisinin
olumsuz sonuglar ortadan kalkmaktadir (Acemoglu ve Restrepo, 2020; Dauth vd., 2021).
Robotlarin toplam istihdama etkisi, bu iki faktdriin sonucu ortaya ¢ikarken; robotlarin kullanima,
firma diizeyinde istihdami ve ¢iktiy1 arttirmaktadir. Fakat ayn1 durum, robot kullanan firmalarin
robot kullanmayan rakipleri i¢in séz konusu degildir. Robot kullanmayan firmalar, robot
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kullanan rakipleri lehine istihdam ve ¢ikt1 kaybina ugramaktadirlar (Acemoglu vd., 2020; Koch
vd., 2021; Acemoglu vd., 2023). Acemoglu vd. (2020) calismasi, bu durumu, 2010 ile 2015
yillar1 arasindaki donemde Fransa i¢in gostermektedir. Bu ¢alismanin ulastigi sonuglara gore,
robot kullanmayan firmalar, rakipleri robot kullandigi durumda, istihdam da ytizde 2,5, ¢ikt1 da
ise yiizde 2,1 kayba ugramaktadirlar. Robot kullaniminin toplam istihdam {izerindeki etkisinin
negatif oldugu, ABD, Fransa, Ispanya ve Hollanda igin yapilan farkli arastirmalarda da
gosterilmistir (Acemoglu vd., 2020; Acemoglu ve Restrepo, 2020; Koch vd., 2021; Acemoglu
vd., 2023). Almanya i¢in ise durum farklidir. Dauth vd. (2021), Almanya'da 1994 ile 2004
yillar1 arasindaki donemde, robotlarin toplam istihdama etkisini incelemistir. Bu ¢alismada,
robot kullanimi, toplam istihdam f{izerinde negatif etki yaratmamaktadir. Almanya'da robot
kullanimi, imalat sanayinde istihdamin azalmasina neden olmustur; fakat bu etki, hizmetler
sektoriinde istihdam artis1 ile dengelenmistir. Imalat sanayiinde islerini kaybedenler, hizmetler
sektoriinde yeni isler bulabilmislerdir. Dolayisiyla, Almanya'da yer degisim etkisinin iiretkenlik
etkisi ile dengelendigi iddia edilebilmektedir. Bu nedenle, robotlarin toplam istihdam etkisini
degerlendirirken, iilkelere 6zgii dinamikleri dikkate almak énemlidir.

2.1.2. Robotlarin Islerin Niteligi Uzerindeki Etkileri

Robotlarin ekonomide doniisiim yarattig1 en dnemli alanlardan biri islerin niteligidir. De
Vries vd. (2020), 2005 ile 2015 yillar1 aras1 donem igin, 37 farkli iilkedeki 19 endiistride,
robotlarin rutin ve manuel islere olan etkisini incelemistir. Firmalarin robot kullanimi, bu
calismanin ulastigi sonuglara gore, rutin ve manuel islerde azalmaya sebep olmaktadir. Bu etki,
ozellikle, is¢i iicretlerinin yiiksek oldugu gelismis iilkelerde daha net olarak goriilmektedir.
Rutin olmayan gorevler, yaraticilik ve problem ¢ézme gibi yetenekler gerektirmektedirler. Bu
islerde otomasyon zor oldugu gibi, robotlar ve insanlar beraber hareket etmek zorunda
kalmaktadirlar. Robotlarin iiretim siireglerinde kullanimi, programlama ve tasarim gibi rutin
olmayan yeni islerin ortaya g¢ikmasi sonucunu da dogurmaktadir. Bu nedenlerle, iiretim
stireclerinde robotlardan daha ¢ok faydalanilmasi, rutin olmayan isleri arttirmaktadir. Robot
kullaniminin rutin olmayan isleri arttirip, rutin isleri azaltmasi; diisiik nitelikli ¢alisanlari, orta
ve yiiksek nitelikli galiganlara gore daha fazla etkilemektedir (Graetz ve Michaels, 2018).
Agirlikli olarak rutin ve manuel islerde calisan diisiik nitelikli calisanlar, robotlarin {iretim
siireglerinde kullanilmasindan olumsuz etkilenirken; rutin olmayan islerde c¢alisan yiiksek
nitelikli ¢alisanlar i¢in aynmi durum s6z konusu degildir. Onlar bu siirecten olumlu
etkilenmektedirler. Robot alimindan sonra firmalar, yiiksek egitimli ve yiiksek nitelikli
calisanlari istihdam etmeyi daha c¢ok tercih etmektedirler (Tang vd, 2021).

2.1.3. Robotlarin Uretkenlik Uzerindeki Etkileri

Yasam standartlarinin yiikselmesi, iiretkenlik artisi olmadan mimkiin degildir. Fakat,
kiiresel ekonomi, kalici hale gelmis iiretkenlik diisiisleri ile kars1 karsiyadir. Bu egilim, 6zellikle
gelismis tilkelerde daha belirgindir. Robotlar, kalici hale gelmis bu iiretkenlik azaliglarini tersine
cevirebilecek teknolojilerin basinda gelmektedirler (Atkinson, 2018). Robotlar, giris boliimde
de ifade edildigi gibi, liretkenlik artisina daha dnceki genel amacl teknolojiler gibi 6nemli katki
yapmaktadirlar. Dolayisiyla, robotlarin ekonomide énemli degisimler yarattigr alanlarin basinda
iiretkenlik gelmektedir.
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Robotlarin iiretkenlik artisina yaptig1 katkilar, farkli arastirmalarda gosterilmistir. Bu
calismalarin basinda, Graetz ve Michaels (2018) gelmektedir. Bu ¢alisma, 1993 ile 2007 yillart
arasindaki dénemde, 17 {ilkede, robot kullaniminin emek iiretkenligine etkisini incelemektedir.
Calismanin ulastig1 sonuca gore, artan enddiistriyel robot kullanimi, emek tiretkenligine kalici ve
anlamli katki yapmaktadir. Graetz ve Michaels (2018) tarafindan ortaya konulan sonuglarin
benzerine, Kromann vd. (2020) tarafindan da ulasilmistir. Bu ¢alisma, 2004 ve 2007 yillar1 igin,
9 iilkede, 10 farkli imalat sanayi alt sektoriinde, robot kullaniminin emek tiretkenligine etkisini
arastirmaktadir. Robot kullaniminin artmasi, emek iiretkenliginin ylikselmesine neden
olmaktadir. Robotlardan en fazla faydalanmaya calisan iilkeler, diigiik {icretlerde karsilastirmali
iistiinliige sahip olan iilkeler karsisinda dis ticaret acigir verenlerdir. Bu calismada, robot
yatinmlarini en ¢ok arttirmaya calisan iilkeler, en fazla Cin rekabetine maruz kalanlardir.
Jungmittag ve Pesole (2019), Avrupa Birligi'ne iiye olan 12 iilkede, 9 imalat sanayi alt
sektoriinde, 2008 ile 2015 yillar1 arasindaki dénem igin, robot kullaniminin emek iiretkenligine
etkisini incelemistir. Bu ¢alismanin ulastigi sonuglar da, diger ¢alismalar ile uyumludur. Robot
kullanimi, emek {iretkenligi iizerinde anlamli etkiye sahiptir. Ulastirma ekipmanlari, bu
calismada bulunan 12 iilkede, robot kullaniminin emek iiretkenligi artisina en fazla katki yaptigi
sektordiir. Ulastirma ekipmanlart sektoriinden sonra robot kullaniminin emek iiretkenligi
artisina en fazla katki yaptig1 sektorler, plastik ve plastik iiriinleri sektorii ile metal ve metal
iriinleridir. Robotlarin emek tiretkenligi artisina en az katki yaptigi sektodr ise, kimyasal
iiriinlerdir. Almanya, Fransa gibi Avrupa Birligi liyesi gelismis iilkelerin Dogu ve Orta Avrupa
iilkelerinde, 6zellikle de otomotiv sektdriinde robot yatirimi yapmalari, bu iilkelerdeki emek
tiretkenligi artisina olumlu katki yapmaktadir. 2006 ile 2019 yillar1 arasinda Orta ve Dogu
Avrupa iilkelerine gelismis iilkeler tarafindan otomotiv sektdriinde yapilan robot yatirimlari,
Slovakya, Cek Cumhuriyeti, Slovenya, Macaristan'da emek liretkenligi artigi lizerinde oldukca
olumlu etki yaratmigtir (Cette vd., 2021).

2.1.4. Robotlarin Hizmetler Sektorii Uzerindeki Etkileri

Genel amagli teknolojilerin en 6nemli Ozelliklerinden biri, ortaya c¢iktiklar1 sektorler
disinda da doniigiimlere neden olmalaridir. Genel amacgh teknoloji 6zellikleri gosteren robotlar
da giris bolimiinde ifade edildigi gibi, bu 6zellige sahiptirler. Hizmetler sektort, bu durumun en
net gorildigl alanlarin basinda gelmektedir. Robotlar, hizmetler sektoriinde 6nemli etkiler
yaratmaya baglamislardir. Robotik alaninda gelismeler ve inovasyonlar, 1960 ile 2000 yillar
arasinda, sanayi sektoriinde yogunlasmistir. Bu durum, 2000'li yillardan sonra degismistir.
Robotik alanindaki gelistirmeler ve inovasyonlar, hizmetler sektériinde, sanayi sektoriine gore
daha yogun goriilmeye baglamigtir. Daha yiiksek hesaplama kapasitesine sahip, yapay zeka
algoritmalar1 kullanan, karmasik sensor sistemleri igeren robotlar ortaya ¢ikmistir. Bu robotlar,
endiistriyel robotlarin aksine, insanlar ile ortak hareket edebilme kabiliyetine de sahiptirler
(Zamalloa vd., 2017). Robotlar, hizmetler sektoriinde énemli doniisiim yaratacak potansiyele
sahiptirler; ama bu sektordeki kullanimlar1 heniiz baslangi¢c asamasindadir. Bu durum, asagida
bulunan Sekil 1'de goriilmektedir. Sekil 1, hizmet robotlarinin en yogun oldugu 5 sektordeki
toplam kullanimlarmi 2020 ve 2021 yillant ig¢in gostermektedir. Hizmetler sektoriinde robot
kullanimi, Sekil 2'de goriilen sanayi sektoriindeki robot kullaniminin ¢ok gerisindedir. Bu
duruma neden olan temel faktdr, hizmetler sektoriinde robot kullamimi igin gerekli olan
yatirnmlarin yetersiz olmasidir. Bunun yaninda, hizmetler sektoriinde is siireclerini yeniden
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tasarlamak ve yapilandirmak gerekmektedir. Iscilerin de yeniden egitilmesi, yeni teknolojilere
uyum saglayabilmeleri i¢in biiyiik 6nemdedir (Cséfalvay ve Gkotsis, 2022).

En Fazla Hizmet Robotunun Kullanildig1 5 Sektérde Robot Sayilari

Tarim - 3
Prosfosyonel Temizlik [ 1 =
Medikal Robotik [ &
Hastane  [R— 20
Ulastirma ve Lojistik t %0

- 10 20 30 40 50 60
m 2021 =2020

Sekil 1. En Fazla Hizmet Robotunun Kullamldig 5 Sektorde 2020 ve 2021 Yillar i¢cin Robot
Sayilar1 (Sayilar 1000 olarak ifade edilmistir).

Kaynak: Bill vd. 2022.

Robotlar, hizmetler sektoriinde su asamada ¢ok sinirli olarak kullanilmaktadirlar; fakat
perakende ve toptan ticaret, lojistik, egitim, saglik ve gilivenlik alanlari basta olmak tizere,
hizmetler sektdriiniin ¢ok farkli alanlarinda genis kullanim olanagmna sahiptirler. Ozellikle
Japonya, hizmetler sektdriinde robot kullaniminda 6ncii konumdadir. Japonya, toplumun biitiin
alanlarina robotlar1 entegre etmeye calisan ilk tilkedir (Macrorie vd., 2019). Bu durum,
Japonya'da ¢ok farkli alanlarda robotlarin kullanilmaya c¢alisilmasina neden olmaktadir.
Japonya'da hizmetler sektoriinde robotlarin kullanildigi alanlarin baginda saglik sektorii
gelmektedir. Japon hiikkiimeti, ozellikle hasta bakimi alaninda hem robot kullanimini hem de
robotlarin gelistirilmesini desteklemektedir. Yerel diizeydeki hiikiimetler de bakimevlerinde
robot kullanimini arttirmak icin onemli tesvikler saglamaktadirlar. Bakimevlerinde kullanilan
robotlar, hasta bakicilarin ve hemsirelerin iizerindeki yiikii dnemli Olgiide azaltmaktadirlar.
Fakat robotlarmn, bu alanda galisan hemsirelerin ve hasta bakicilarin yerini tamamen almasi su
asamada miimkiin degildir. Saglik calisanlar1 ve robotlar, isleri paylasmakta ve birbirlerini
tamamlamaktadirlar. Robotlar, Japonya'da yalnizca bakimevlerinde isleri azaltmakla
kalmamakta, ayn1 zamanda kaza sayilarinda da 6nemli azalisa sebep olmaktadirlar (Eggleston
vd., 2021). Lojistik, robotlarin hizmetler sektoriinde kullanilmaya bagladigi diger bir alandir.
Amazon, elektronik ticaretin artmasinin da etkisiyle, depolarinda ve ulastirma islemlerinde
robotlardan faydalanmaktadir. Ttiiketicilerin degisen egilimleri, Amazon gibi lojistik sektoriinde
faaliyet gosteren firmalari, robot kullanmaya zorlamaktadir. Depo yonetimi ve lojistik
alanlarinda robot kullanimi, maliyetlerin diismesine ve iiretkenlik kazanimlarina neden oldugu
gibi; karsilasilan sorunlara esnek, uyumlu ve akilli ¢éziimler sunmaktadir. Depo yonetimi ve
lojistik alanlarinda robotlarin kullanimi, hatalarin da azalmasina neden olmaktadir (Estolatan
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vd., 2018). Robotlarin, yakin dénemde, saglik ve lojistik sektoriinde oldugu gibi hizmetler
sektoriiniin bir¢ok alaninda 6nemli rol oynamasi olduk¢a muhtemeldir.

2.1.5. Robotlarin Yatirnmlar Uzerindeki Etkileri

Robotlarin ekonomide doniisiim yarattigi diger bir alan yatirimlardir. Robot yatirimlari,
kiiresel rekabetin arttigi son donemde epey onemli hale gelmistir. Belli faktorler, lilkelerin ve
firmalarin robot yatirimi yapmasinda etkili olmaktadirlar. Fernandez-Macias vd. (2021),
Avrupa'da sanayi sektoriinde faaliyet gosteren firmalarin robot yatirimi yapmalarinin
nedenlerini incelemistir. Ug faktor, bu calismada, firmalarin robot yatirim yapma karari
almasinda 6nemli rol oynamaktadir. Bu etmenlerden ilki, rutin islerin yogunlugudur. Rutin
islerin artmasi, firmalarin robotlara yatirm yapma egilimini olumlu etkilemektedir. Ikinci
etmen, robotlarin kullanildigi sektdriin teknoloji rejimidir. Olgek yogun endiistriler, robot
yatirimi yapmaya diger endiistrilere gore daha ¢ok meyillidirler. Uciincii faktor, firmalarin
uluslararas1 pazarlarda maruz kaldig1 rekabetin diizeyidir. Thracat yapan firmalar, kiiresel
pazarlarda rekabet giliclerini korumak i¢in robot yatirimi yapmaya daha fazla egilimlidirler
(Fernandez-Macias vd., 2021). Bu ¢ faktor, robot yatirimi yapilmasinda 6nemli rol oynasa da
en onemli etmen isci iicretleridir. Iscilerin yerine robotlarin kullanilmas: ile elde edilecek
maliyet tasarrufu, robot yatirrmi kararlarinin en énemli belirleyicisidir. Is¢i iicretlerinin yiiksek,
emegin kit oldugu durumlarda, robot yatirimlari artmaktadir (Atkinson, 2018; Graetz ve
Michaels, 2018; Cheng vd., 2019; Fan vd., 2021). Yiiksek isci ticretleri, Sanayi devriminde
yiiksek emek maliyetlerinin Ingiltere'de emek tasarrufuna neden olan inovasyonlari tetiklemesi
gibi, firmalarin robot yatirimi karar1 almasina énemli etki yapmaktadir. Robot yogunlugunun en
yiiksek oldugu ii¢ Avrupa iilkesi olan Almanya, Isve¢ ve Danimarka'da, imalat sanayinde saatlik
is¢i ticretleri, 40 euro'nun tizerindedir. Robot yogunlugunun en az oldugu ii¢ Avrupa iilkesi olan
Romanya, Polonya ve Portekiz de ise imalat sanayinde saatlik isci ticreti 12 euro'nun altindadir.
Bu durum, robot yatirnmlarinda, tlkelerdeki is¢i {icretlerinin Onemine isaret etmektedir
(Cséfalvay, 2023).

Diinyada kullanilan endiistriyel robot sayisi, son donemde artmigtir. Bu durum, asagida
bulunan Sekil 2'de goriilmektedir. Diinyada sanayi sektdriinde kullanilan robot sayisi, son on
yilda, 1,15 milyondan 3,47 milyona ¢ikmistir. Bu yiikselis egilimine ragmen; diinyada yapilan
robot yatirimlariin toplam yatirimlar igindeki pay1 halen ¢ok diistiktiir. Robot yatirimlari, 2015
yilinda, 1995 yilana gore 6nemli Olgiide artsa da toplam ekipman yatirimlari iginde oldukga
kiigiik bir paya sahiptir. 2015 yilinda robotlara yapilan yatirimin toplam yatirimlar i¢indeki payz,
yiizde 0,3 civarindadir. Robotlarin toplam sermaye olusumu ig¢indeki orani ise daha disiiktiir.
2015 yilinda bu oran, yilizde 0,1'e ancak ulagmistir. 1995 ile 2015 yillar1 arasinda yapilan robot
yatirimlari, en ¢cok imalat sanayi alaninda yogunlasmaktadir. imalat sanayi disindaki alanlarda
yapilan robot yatirimlari ihmal edilebilir diizeydedir. Tarim, madencilik, hizmetler sektorlerinde
robotlar kullanilmaktadir; ama ekonominin tamamina bakildiginda robotlardan faydalanma
orani epey diigiiktiir. Robot yatirimlari, imalat sanayi i¢inde, otomotiv sektorii, metal sanayi gibi
belli alanlarda yogunlagmaktadir. Robotlar, tekstil, yiyecek icecek sektorleri gibi hafif
sanayilerde ¢ok az kullanilmaktadirlar (Benmelech ve Zator, 2022). Robot yatirimlari,
giiniimiizde, belli alanlarda yogunlagmalarina ve toplam iginde kiigiik bir paya sahip olmalarina
ragmen; gelecek donemlerde daha ¢ok artmasi beklenmektedir.
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Endiistriyel Robot Sayilar1 (Stok Degerler)
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Sekil 2. Kullanilan Toplam Endiistriyel Robot Sayis1 (Sayilar 1000 olarak ifade edilmistir).
Kaynak: Bill vd. 2022.

2.1.6. Robotlarin Uretim Aglar1 Uzerindeki Etkileri

Son donemde Endiistri 4.0 siireci ile iliskili teknolojilerin kullaniminin yayilmasi, yeni
iretim aglarmin ortaya ¢ikmasina neden oldugu gibi; mevcut lretim aglarinin yapisinda da
onemli degisimlere yol agmaktadir. Robotlar da bu Endiistri 4.0 teknolojilerinin arasinda
bulunmaktadirlar. Robotlarin iiretimi, dagitim ve satisi, yeni bir iiretim aginin ortaya ¢ikmasina
neden olmaktadir (Fu ve Cheng, 2022). Robot iiretimi ag1, yeni istihdam olanaklari yaratmasinin
yaninda; yatirimlarin ve yeniliklerin de meydana gelmesine sebep olarak, ekonomide 6nemli
donisiimler yaratmaktadir (Cséfalvay, 2023). Robot iiretim agi dort boliimden olugsmaktadir.
Bu asamalardan ilki, robotlarin gelistirilmesidir. Firmalar, tiniversiteler ve arastirma kuruluslari,
robotik alanindaki son teknolojileri gelistirmektedirler. Bu agsamada faaliyet gosteren firmalarin
temel etkinligi, arastirma ve gelistirmedir. ikinci asama, robot imalatidir. Robot imalat¢ilariin
temel faaliyeti robotlarin {iretilmesidir. Robot {ireticisi firmalar genis Olgekte robot imalati
yapmakta ve satig faaliyetleri gergeklestirmektedirler. Bu temel faaliyetlerinin yaninda,
arastirma ve gelistirme faaliyetlerinde de bulunabilmektedirler. Robot {iretim agimin {i¢iincii
asamasl, robotlarin kullanicilarin iretim sistemlerine entegre edilmesidir. Sistem entegratorleri,
son tiiketici ile robot iireticileri arasinda bulunmaktadirlar. Robotik sistemlerin karmasik bir
dogas1 vardir. Robot sistemleri, robot kullanan son tiiketicilerin ihtiyaglarina gére onemli
farkliliklar gostermektedirler. Bu nedenle, robot sistemlerinin bu degisiklikleri dikkate alarak
diizenlenmesi gerekmektedir. Sistem entegratorleri, son kullanicilarin robotlar1 {iretim
stireclerine adapte etmelerine yardimci olmaktadirlar. Robot iiretim aginin son asamasi ise,
robotlarin iiretim siireclerinde kullanilmasidir. Tiiketiciler, tiretim siireglerinde, robotlar1 tiretim
faktorii olarak kullanan firmalardir (Cséfalvay ve Gkotsis, 2022; Fu ve Cheng, 2022; Leigh ve
Kraft, 2017).

Robot iiretim agnin ilk asamasi, robotik alaninda yapilan arastirma ve gelistirme
stireclerini kapsamaktadir. Robotik arastirmalari, makine ve elektrik miithendisligi, bilgisayar ve
bilissel bilimler, biyoloji ile ilgili alanlar gibi ¢ok farkli disiplinleri igermektedir. Ozellikle
yazilim gelistirmesi, robotik arastirmalarinda olduk¢a 6nemlidir (Leigh ve Kraft, 2017). Cok
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farkli sektorlerde kullanilabilecek robotlar, bu alanlarda yapilan aragtirmalarin sonucunda ortaya
cikmaktadirlar. ABD, robotik aragtirmalarinda oncii iilke konumundadir. Japonya, Cin,
Almanya, Giiney Kore gibi gelismis {iilkeler de, robotik arasgtirmalarima 6nemli yatirimlar
yapmaktadirlar (Ghiasi ve Lariviere, 2015). Robot iiretim aginin ikinci asamast olan robot
imalati, robot gelistirme asamasinda oldugu gibi, az sayida iilkede yogunlasmaktadir. Ozellikle
Almanya ve Japonya, robot imalatinda lider iilkelerdir. 1Iki faktdr, bu durumun ortaya
cikmasinda 6nemli rol oynamaktadir. Giiglii imalat sanayi tabanina sahip iilkeler, diger iilkelere
gbre robot iiretiminde daha ¢ok one c¢ikmaktadirlar. imalat bilgisi, bu iilkeleri, robot {iretim
siirecinde rakiplerine gore daha avantajli duruma getirmektedir. ikinci faktér, robot kullanan son
tiketicilere olan yakinliktir. Giiglii otomotiv ve elektronik sektorlerine sahip iilkeler, bu
sektorlerin daha az gelistigi iilkelere gore daha fazla robot lretmektedirler (Cséfalvay ve
Gkotsis, 2022). Robot iiretim aginin ilk iki agamasi, belli basl iilkelerde yogunlasirken; son iki
asamas1 olan entegrasyon ve robotlarin son tiiketiciler tarafindan kullanimi, daha fazla iilkeyi
kapsamaktadir. Ozellikle, robotik alaninda rekabetci olmak isteyen gelismekte olan iilkelerin,
robotik alaninda arastirma ve gelistirme ile robot {iretimine gereken Onemi vermeleri
gerekmektedir.

2.2. Robotik Siire¢c Otomasyonun Ekonomide Yarattigi Doniisiimler

Almanya imalat sanayi, artan kiiresel rekabet, iktisadi krizler, degisen tiiketici
aliskanliklari, enerji tedariginde yasanan sorunlar gibi nedenlerle degisime zorlanmaktadir
(Bartodziej, 2017). Almanya, imalat sanayinin kars1 karsiya kaldigir bu zorluklarin iistesinden
gelmek icin Endistri 4.0 siirecini baglatmistir. Endiistri 4.0, 2013 yilinda, Almanya imalat
sanayini dijital teknolojiler yardimiyla degistirmeyi ve kiiresel pazarlardaki rekabet giiciinii
arttirmay1 hedefleyen Alman stratejik girisimi olarak agiklanmistir. Endiistri 4.0, en genis tanimi
ile, firmalarin iiretim ve hizmet siire¢lerinde kullandiklar1 teknolojileri ve igerikleri ifade
etmektedir. Siber fiziksel sistemler, akill fabrikalarda, fiziksel siiregleri takip edecekler, gercek
sistemlerin sanal kopyalarmi ftretecekler ve merkezi kontrol olmadan yerel kararlar
vereceklerdir. Siber fiziksel sistemler, kendi aralarinda oldugu gibi, insanlarla da nesnelerin
interneti yardimiyla iletisim kuracaklar ve beraber hareket edeceklerdir. Endiistri 4.0, tiretim ve
hizmet siireglerinde bu degisimi yaratirken, sekiz temel teknolojiye dayanmaktadir. Bu
teknolojiler, eklemeli imalat, siber fiziksel sistemler, simiilasyon teknolojileri, robot teknolojisi,
veri analitigi ve yapay zeka, gorsellestirme teknolojileri, bulut teknolojisi ve nesnelerin
internetidir. (Borii ve Tahsin, 2023).

Endiistri 4.0 siirecinin dayandigi1 teknolojiler, imalat sanayini yeni bir asamaya tasimakta
ve Dordiincli Sanayi Devrimi'ni baslamasina neden olmaktadirlar (Borii ve Tahsin, 2023).
Endiistri 4.0 siirecinin dayandigi teknolojiler, firmalara, karmasik iiretim ve hizmet siireglerini
daha hizli tamamlama, iiretilen mallarin ve hizmetlerin kalitesini arttirma, maliyetleri diisiirme
gibi firsatlar sunmaktadirlar. Endistri 4.0 teknolojileri, ayn1 zamanda hem firmalarin hem de
tilkelerin kars1 karsiya oldugu dijital doniisiim siirecinin de temelini olusturmaktadirlar (Ribeiro
vd., 2021). Robotik siire¢ otomasyonu, firmalara bu imkanlar1 saglayan Endiistri 4.0
teknolojileri arasinda bulunmaktadir. Robotik siire¢ otomasyonu, firmalarin is siireclerini
yeniden diizenlenmesine yardimci oldugu gibi; sirketlerin yeni {irlin ve hizmetleri ortaya
cikarmasina da destek olmaktadir (Siderska, 2020).
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Endiistri 5.0 kavrami, temel olarak, insanlar ve makineler arasindaki is birligine
dayanmaktadir. Endiistri 5.0, siirdiiriilebilir tirtinler ve hizmetler yaratmay1 hedeflemektedir. Bu
cercevede Endistri 5.0 ii¢ temel unsuru kapsamaktadir. Bu unsurlar, insan merkezlilik,
stirdiirebilirlik ve esnekliktir. Kapitalist iiretim siirecinin gezegenimizin sahip oldugu kapasiteyi
zorlamaya baslamasi, Endiistri 5.0'm giindeme gelmesinde 6nemli rol oynamaktadir. Sadece
kara odaklanan bir iiretim, gezegenimizin karsi karsiya oldugu cevresel ve toplumsal
problemleri ¢dozmek i¢in yeterli degildir. Bu nedenle iiretim siireci, ¢evresel ve toplumsal
maliyetleri de hesaba katmak durumundadir. Toplumsal ve ¢evresel maliyetleri dikkate alan ve
iscilerin refahina 6nem veren Endiistri 5.0 teknolojileri arasinda ileri robotik uygulamalar da
bulunmaktadir.Robotik siire¢ otomasyonu insanlar ile ortak hareket ederek, is siireclerinin daha
etkin hale getirilmesine 6nemli katki yapmaktadirlar (Firat, 2023).

Endiistri 4.0 siirecinin dayandigi teknolojiler hem firmalarin hem de tilkelerin uluslararasi
rekabet giiciine onemli katkilar saglamaktadirlar. Endistri 5.0 siirecinin dayandigi teknolojiler
ise, sosyal ve ¢evresel maliyetleri dikkate alarak, bireysel ve toplumsal refahi arttirmayi
hedeflemektedirler. Robotik siire¢ otomasyonu, bu iki siirecin 6zelliklere sahip olan teknolojiler
arasinda bulunmaktadir. Ingiltere'de faaliyet gosteren Telefonica 02 firmasmin arka ofis
iglerinde robotik siire¢ otomasyonunu kullanmasi, bu duruma O6nemli bir Ornektir.
Telekomiinikasyon sektoriinde faaliyet gosteren firma, 2004 yilinin basinda, rekabet giiciinii
arttirmak i¢in arka ofis islerinin bir boliimiinii Hindistan'da bulunan taseron firmasina
devretmistir. Hindistan'da iicretler, Ingiltere'ye gore daha diisiiktiir. Bu sayede, Telefonica 02,
maliyetlerini azaltmay1 hedeflemektedir. Fakat Telefonica 02'nin Hindistan'da bulunan tageron
firmasina devredecegi islerin bir smir1 oldugu gibi, orada da ¢alisanlarin iicretleri
yiikselmektedir. Telefonica 02, bu sebeplerle, robotik siire¢ otomasyonunu is siireglerinde
kullanmaya baslamigtir. Boylece hem maliyetlerini asagiya ¢ekmis hem de kiiresel rekabet
giiclinli 6nemli dl¢iide arttirmistir (Lacity vd., 2015).

Firmalara ve iilkelere rekabet avantaji saglayan robotik siire¢ otomasyonu, en genel
tanimu ile, calisanlarin yaptigi isleri taklit eden ve onlarin yerine yapabilen bir bilgisayar
yazilimi olarak ifade edilebilmektedir. Caligsanlar tarafindan yapilan belli gdrevler, robotik
siireg otomasyonu tarafindan daha hizli ve daha diisiik maliyet ile gergeklestirilebilmektedir.
Robotik siire¢ otomasyonu, Ozellikle tekrarli, rutin ve manuel isleri bagar1 ile yerine
getirebilmektedir. Robotik siire¢ otomasyonu, bir yazilim oldugundan dolayi, herhangi bir
donanima veya mekanik kisma sahip degildir (Jovanovi¢ vd., 2018).

Robotik siire¢ otomasyonu, otomasyon teknolojilerinin gelisim siirecinde onemli bir
asamadir. Son 70 yilda bilgisayar alaninda meydana gelen yenilikler, otomasyon
teknolojilerinin ilerlemesinde o6nemli rol oynamustir (Taulli, 2020). Bilgisayar yazilimm
kullanarak is siirecleri otomatize etme fikri, ilk defa 1935 yilinda Alan Turing tarafindan ortaya
atilmistir. Alan Turing, algoritmalar yardimiyla is siire¢lerinin nasil daha etkin ve hizli hale
getirilebilecegini gostermistir (Doguc, 2022). Biitiin otomasyon teknolojilerini énemli 6l¢iide
etkileyen yenilikler, robotik otomasyon siirecinin de ortaya ¢ikmasinda 6nemli rol oynamustir.
Arthur Samuel tarafindan 1959 yilinda IBM i¢in gelistirilen makine 6grenmesi, bu yeniliklerin
basinda gelmektedir. Makine 6grenmesi, bilgisayarlarin ¢eviri ve metin 6zetleme gibi karmasik
isleri yapabilmesini saglamistir. Ceviri ve metin 6zetleme konusunda yasanan sorunlar, dogal
dil isleme alanindaki gelismelerin 6niinii agmigtir. 1960'h yillardan itibaren 6nemli ilerlemeler
kaydeden dogal dil isleme yazilimlari, bilgisayarlarin insan dilini anlamasin
hedeflemektedirler. Makine 6grenmesi ve dogal dil isleme alaninda meydana gelen yenilikler,
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ekran kazima teknolojisi ile birlikte, 2000'li yillarin basinda basit robotik siire¢ otomasyonu
uygulamalarinin ortaya ¢ikmasinda oldukca etkili olmuslardir (Yetiz vd., 2021). Robotik siireg
otomasyonu, 6zellikle, 2016 yilindan itibaren hizmetler sektorii olmak iizere birgok alanda
kullanilmaya baglamistir (Madakam vd., 2019).

Ozellikle veri, siirec ve entegrasyon ile ilgili alanlardaki islerde, robotik siire¢
otomasyonu yaygin olarak kullanilmaktadir. Bu durum, asagida bulanan Tablo 1'de
goriilmektedir. Robotik silire¢ otomasyonu, veri transferi, dosya isleme, veri analizi, akig
kontrol, olay tetikleme, bulut ve benzeri uygulamalara erisim gibi gorevleri basar1 ile yerine
getirebilmektedir (Hofman vd., 2020). Robotik siire¢ otomasyonun hangi 6zelliklere sahip isler
icin uygun oldugu, Tablo 1'de goriilen robotik siire¢ otomasyonun kullanildigi alanlar
incelendiginde ortaya ¢ikmaktadir. Robotik siire¢ otomasyonu, her seyden 6nce belirli kurallar
cercevesinde cok fazla sayida yapilan, manuel, cok tekrarli, standart igler i¢in uygundur. Cok
fazla sistemle entegre c¢alisan, az karmasik, iyi belgelenmis, veri girislerinin dijital ortamdan
oldugu siireglerde robotik siire¢ otomasyonu kullanilmasi, basarili sonuglar vermektedir (Syed
vd., 2020).

Tablo 1. Robotik Siire¢ Otomasyonunda Gorev Siniflar:

Gorev Gorevler Simfi  Aciklama Ornekler
Veri transferi Veri aktarim ile Ilgili islevler ~ Veri sifreleme, dosya yiikleme
o Dosya isleme Dosya bigimlerini degistirmek, Dosyalari sifreleme ve kodlama,
Veri ile ilgili sifrelemek, kodlamak dosya bi¢im degisimi
Veri analizi Verilerin analiz edilmesi Konugmay: metne doniistiirme,
optik karakter tanima
Uygulama Diger uygulamalara erisme ve ~ Bagka uygulamalarda degerleri
operatdorii calistirma degistirmek
Entegrasyon ile Bulut hizmet Bulut hizmetlerine erisme ve Sosyal medya platformlarinda
ilgili operatorii calistirma bilgi yayinlama
Girdi araci Girdi araglar1 kullaniminda Tiklama, siirtikleme, genisletme,
operatorii insanin taklit edilmesi kapatma

Olay tetikleyicisi
Siireg ile ilgili

Akis kontrol

operatoru

Belli bir olay1, daha ileri
etkinlikleri baslatmasi

icin bekleten fonksiyonlar
Belli bir koreografiye 6gelerin
baglanmasi

Dosya degisikliklerini algilama,
goriintii ortaya ¢ikmasi ile
tetikleme

Dongiiler, kullanici etkilesimleri

Kaynak: Hofmann vd. 2020.

Robotik siire¢ otomasyonu, dogru sekilde uygulandiginda, firmalara ¢ok Onemli
kazanimlar saglamaktadir. Robotik siire¢ otomasyonun operasyon etkinligini arttirmasi, bu
faydalarin basinda gelmektedir. Robotik siire¢ otomasyonun kullanilmasi hem is kapasitesini
arttirmakta hem de gorevlerin daha hizli tamamlanmasina neden olmaktadir. Robotik siire¢
otomasyonu, operasyon etkinligini arttirmasinin yaninda, islerin daha dogru yapilmasina da
sebep olmaktadir. Ozellikle manuel miidahale gerekliligin fazla oldugu islerde robotik siireg
otomasyonun kullanilmasi, hata yapma olasihigim &nemli 6lgiide azaltmaktadir. Islerde hata
yapma riskinin robotik siire¢ otomasyonu yardimiyla 6nemli 6l¢lide azalmasi, tiretilen iiriin ve
hizmetlerin kalitesinin artmasina neden olmaktadir. Robotik siire¢ otomasyonu, 24 saat araliksiz
calisabilmektedir. Bu durum, yukarida ifade edilen ozellikler ile birlikte, is giicli tasarrufuna
neden olmaktadir. Tekrarli ve sikici iglerin robotik siire¢ otomasyonu tarafindan yapilmasi,
calisanlarin katma degeri daha yiiksek olan faaliyetlere daha fazla zaman ayirabilmesine imkan
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vermektedir. Bu sayede hem calisan hem de miisteri memnuniyeti artmaktadir. Is siireclerinde
robotik siire¢ otomasyonu kullanilmasinin sagladigi biitiin bu faydalar dikkate alindiginda;
firmalarda robotik siire¢ otosmasyonu kullaniminin 6énemli verimlilik kazanimlarini beraberinde
getirecegi rahatlikla iddia edilebilmektedir (Doguc, 2022; Santos vd., 2020; Syed vd., 2020).

Firmalara 6nemli faydalar saglayan robotik siire¢ otomasyonu, robotlar ile benzer sekilde,
ekonominin tamaminda 6nemli degisimler yaratacak potansiyele sahiptir. Robotlar, bir 6nceki
boliimde agiklandigi gibi, emek iiretkenligi, istihdam, islerin niteligi, yatirimlar ve hizmetler
sektoriinde Onemli degisimler yaratmaktadirlar. Robotik silireg otomasyonun bu alanlarda
yaratacagl degisimler, Calismanin bu bdoliimiinde, robotlarin bu ilgili alanlarda yarattig
dontisiimler temel alinarak incelenecektir. Robotik siire¢ otomasyonunun iiretim zinciri de robot
iretim zinciri gibi, gelecek donemlerde iilke ekonomilerinin gelismesine 6nemli katkilar
saglayacak oOzelliklere sahiptir. Bu cergevede, calismanin bu boliimiinde, robotik siire¢
otomasyonun iiretim zincirinin ézelliklerinden de bahsedilecektir.

2.2.1. Robotik Siire¢ Otomasyonun istihdam Uzerindeki Etkileri

Istihdam, robotlarin ekonomide en biiyiik déniisiimleri yarattigi alanlarin basinda
gelmektedir. Robotik siire¢ otomasyonunun da gelecek donemde, bu alanda benzer etkileri
yaratmasi beklenmektedir. Robotlarin istihdamda nasil bir doniisiime yol agacagi, yer degisim
etkisi ile iiretkenlik etkisinin sonucu olarak ortaya ¢ikmaktadir. Robotik siire¢ otomasyonunun
istthdamda yaratacagi degisimin de bu iki etkinin sonucu olarak meydana gelmesi oldukca
olasidir. Robotik siire¢ otomasyonunun yarattigi yer degisim etkisi, firma diizeyinde, Madakam
vd. (2019) calismasi tarafindan gosterilmistir. Bu calismada, O2 firmasinin robotik siire¢
otomasyonunu kullanmasinin istihdam iizerinde yarattig1 etkiler incelenmistir. Ingiltere'de
bulunan O2 firmasi, robotik siire¢ otomasyonunu is siire¢lerinde kullanan ilk firmalar
arasindadir. Firma, Ingiltere'nin en biiyiik telekomiinikasyon sirketlerinden biridir ve yaklasik
25 milyon miisterisi bulunmaktadir. O2 firmasi, 2012 ile 2015 yillar1 arasinda, robotik siireg
otomasyonunu is siireclerinde kullanmistir. Firma tarafindan kullanilan tek bir robotik siire¢
otomasyonu yazilimi, bu dénemde, 150 calisan tarafindan yapilan bir isi tek basina yapmay1
bagarmistir. Bu sayede, O2 firmasi hem verimliligini arttirmis hem de maliyetlerini asagiya
cekmistir (Madakam vd., 2019). Fakat robotik siire¢ otomasyonunun kullanimi is kaybina neden
olarak, toplam istihdam {izerinde olumsuz etki yaratmstir. Uretkenlik etkisi, robotik siirec
otomasyonunun istihdamda yarattig1 degisimde, istihdam etkisi kadar énemli rol oynamaktadir.
Robotik siire¢ otomasyonu ile firma g¢alisanlarimin gelecek donemde birgok alanda beraber
hareket etmesi beklenmektedir. Bu durumun sonucu olarak, yeni isler ortaya c¢ikacaktir
(Siderska, 2020). Fakat bu isler, yaraticilik ve problem ¢dzme gibi yeteneklere gereksinim
duyacaklardir. Dolayisiyla, yiiksek niteliklere sahip olan is giiciine olan talep artacaktir.
Uretkenlik etkisi, calisanlarin ortaya ¢ikacak bu yeni alanlarda is bulabilmesi durumunda, yer
degisim etkisini dengeleyecek; yer degisim etkisinin istihdam tlizerinde yarattig1 negatif etkileri
ortadan kaldiracaktir.

2.2.2. Robotik Siirec Otomasyonun fsleri Niteligi Uzerindeki Etkileri

Islerin niteligi, robotlarin ekonomide &nemli degisimler yarattigi alanlardan biridir.
Robotlar, rutin ve manuel isleri yapmaktadirlar. Bu nedenle, 6zellikle imalat sanayinde, diigiik
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nitelikli islerde, istihdam kaybina neden olmaktadirlar. Benzer bir etkiyi, robotik siireg
otomasyonunun da yaratmasi oldukca olasidir. Robotik siire¢ otomasyonu, yukarida da
aciklandig1 gibi, rutin, tekrarli ve manuel isleri basar1 ile gergeklestirmektedir. Bu durumun
sonucu olarak, robotik siire¢ otomasyonu, daha cok rutin ve manuel islerde istihdam
olanaklarma sahip olan diisiik nitelikli ¢alisanlarin yerini almaktadir. Yiiksek nitelikli ¢alisanlar
ise robotik siire¢ otomasyonunun is siire¢lerinde kullanilmasindan olumlu etkilenmektedirler.
Robotik siire¢ otomasyonu yazilimlari ile firma calisanlarinin beraber hareket edecegi ¢alisma
gruplarinin ortaya ¢ikmasi beklenmektedir. Hem robotik siire¢ otomasyonu yazilimlart hem de
calisanlar, bu c¢alisma gruplarinda, kendilerine en uygun olan isleri yapacaklardir. Calisanlar,
problem ¢b6zmeye odakli, yaratici isler ile ilgilenirken; robotik siire¢ otomasyonu yazilimlari,
rutin ve sikic1 gorevleri yerine getireceklerdir (Lacity ve Willcocks, 2016). Bu calisma ortami
icin gerekli donanima sahip olan yiiksek nitelikli calisanlara olan talep artarken; robotik siire¢
otomasyonun gergeklestirdigi isleri yapan diisiik nitelikli calisanlara olan talep ise azalacaktir.
Olas1 istthdam kayiplarmin Onlenmesinde hiikimetlere Onemli gorevler diismektedir.
HiikGimetlerin, c¢alisanlarin yeniden egitimine agirlik vermesi; egitim programlarini yaraticilik
ve problem ¢6zme gibi yetenekleri gelistirecek sekilde yeniden diizenlemesi oldukg¢a énemlidir.

2.2.3. Robotik Siire¢ Otomasyonun Uretkenlik Uzerindeki Etkileri

Robotlarin {iretim siireglerinde kullanimi, 6nemli Tiretkenlik kazanimlarma neden
olmaktadir. Bu egilim, sektor ve iilke diizeyleri icin farkli ¢aligmalarda gosterilmistir. Robotik
siireg otomasyonu, 24 saat araliksiz galigabilmekte; tekdiize ve sikici isleri ¢alisanlarin yerine
hizli ve hatasiz bir sekilde yapabilmektedir. Robotik siire¢ otomasyonu sayesinde sikici ve
tekdiize isleri yapmay1 birakan calisanlar, katma degeri yiiksek olan faaliyetlere daha fazla vakit
ayirabilmektedirler. Robotik siire¢ otomasyonu, sahip oldugu bu 6zellikler nedeniyle hem firma
hem de sektor diizeylerinde, dnemli {iretkenlik kazanimi yaratacak potansiyele sahiptir (Syed
vd., 2020). Firma diizeyinde yapilan aragtirmalar da robotik siire¢ otomasyonun yarattigi bu
etkiyi ortaya koymaktadirlar. Aguirre ve Rodriguez, (2017), bu c¢alismalardan biridir. Bu
calismada, Kolombiya'da faaliyet gosteren bir firmanin 6deme belgesi olusturma siirecinde
robotik siire¢ otomasyonu kullanmasinin fliretkenlik iizerinde yarattigi etkiler incelenmistir.
Calisanlar, bu calismada, iki gruba ayrilmistir. Robotik siire¢ otomasyonu ilk grupta
kullanilmaktadir. Arka ofis isleri, bu grupta, robotik siire¢ otomasyonu tarafindan yapilirken;
robotik siire¢ otomasyonu ve calisanlar On ofis iglerini yapmak igin beraber hareket
etmektedirler. Ikinci grupta ise, isleri yapmak igin robotik siire¢ otomasyonu
kullanilmamaktadir. Hem 6n ofis hem de arka ofis isleri, ¢alisanlar tarafindan yapilmaktadir. Iki
grubun performans sonuglari, asagida bulunan Tablo 2'de gosterilmektedir. Tablo 2'deki
sonuglar, bir haftalik siireci kapsamaktadir. Robotik siire¢ otomasyonu kullanilmadigr durumda,
calisan bagina diisen is sayist 270'dir. Robotik siire¢ otomasyonu kullanildiginda ise, bu sayi,
326'ya cikmaktadir. Dolayisiyla, robotik silire¢ otomasyonu kullaniminin, robotik siireg
otomasyonunun kullanmilmadigi duruma gore verimliligi, %20 civann arttirdigr iddia
edilebilmektedir (Aguirre ve Rodriguez, 2017). Bu durum, robotik siire¢ otomasyonunun
iiretkenlik artisinda oynadig1 6nemli rolii gostermektedir.
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Tablo 2. Robotik Siire¢ Otomasyonu Uygulama Sonuclar:

Calisan sayist 22
Robotik siire¢ otomasyonu Ortalam is siiresi 431
kullanan grup Toplam is sayis1 7163
Caligan bagina diisen is sayisi 326
Calisan sayist 13
Robotik siire¢ otomasyonu Ortalam is siiresi 440
kullanmayan grup Toplam is sayis1 3505
Caligan bagina diisen is sayisi 270

Kaynak: Aguirre ve Rodriguez, 2017.

2.2.4. Robotik Siire¢ Otomasyonun Hizmetler Sektérii Uzerindeki Etkileri

Robotlarin hizmetler sektoriinde yarattigi dontisiimiin etkisi sinirlidir. Robotlar, esas
olarak imalat sanayinde yogun olarak kullanilmaktadirlar. Fakat benzer bir durum, robotik siire¢
otomasyonu i¢in s6z konusu degildir. Hizmetler sektorii, robotik siire¢ otomasyonunun en ¢ok
kullanildig1 alandir. Robotik siire¢ otomasyonundan bankacilik ve finans sektorii basta olmak
iizere, hizmetler sektdriiniin ¢ok farkli alanlarinda, iiretkenlik ve ¢ikt1 artis1 saglamasi nedeniyle
faydalanilmaktadir. Havacilik sektorii, robotik siire¢ otomasyonunun hizmetler sektoriinde
Oonemli etkiler yarattigi alanlardan biridir. Havacilik hizmetleri alaninda, manuel, rutin ve
tekrarlt ¢ok fazla is bulunmaktadir. Bu isler, zaman kaybina neden oldugu gibi, 6nemli hata
risklerine de sahiptirler. Seyahat acenteleri tarafindan diizenlenen biletlerin kontrol edilmesi, bu
islerin en onemlilerinden biridir. Ugus iptalleri ve yenilenen rezervasyonlari yonetmek i¢in de
robotik siire¢ otomasyonundan havacilik sektoriinde faydalanilmaktadir. Havacilik sektoriindeki
bu tip islerde robotik siire¢ otomasyonun kullanilmasi, tiretkenligi arttirdigi gibi, insan kaynakli
hatalarin da 6niine gegmektedir. Robotik siire¢ otomasyonunun kullanimi, uluslararasi rekabetin
cok yogun oldugu havacilik sektoriinde, firmalarin rekabet giicline de o©nemli katki
saglamaktadir (Seckiner vd., 2021).

Sigorta sektorii, hizmetler sektdriinde robotik siire¢ otomasyonun sik kullanildigr baska
bir alandir. Rutin, manuel ve tekrarli islerin sayisi, sigorta sektoriinde de havacilik sekt6riinde
oldugu gibi fazladir. Miisterilere standart poligelerin email yolu iletilmesi, bu poligelerin
kontrolii gibi isler, robotik siire¢ otomasyonu ile yapilmaya uygundurlar. Bu is siireclerinde
robotik siire¢ otomasyonunun kullanilmasi, 6nemli tiretkenlik kazanimlarini da beraberinde
getirmektedir. Xchanginging firmasi, sirketlere robotik siire¢ otomasyonu alaninda uygulama ve
danigmanlik hizmeti vermektedir. Sirket, sigorta sektoriinde faaliyet gOsteren bir miisterisine,
manuel ve tekrarli islerinde robotik siire¢ otomasyonu kullanmasi i¢in uygulama ve danigmanlik
hizmeti vermistir. Bu sayede, ¢alisanlardan olusan bir ekibin birkag¢ giinde yaptigi bir is, tek bir
robotik siire¢ otomasyonu yazilimi ile 30 dakikada yapilmistir (Lacity ve Willcocks, 2016).
Robotik siire¢ otomasyonu, sigortacilik ve havacilik sektorlerinin disinda da hizmetler
sektoriiniin bircok alaninda uygulama imkanina sahiptir. Bu durum, asagida bulunan Tablo 3'de
goriilmektedir. Tirkiye'de de robotik siire¢ otomasyonu uygulamalari, diinyada oldugu gibi,
hizmetler sektoriinde yogunlagsmaktadir. Bu egilimin gelecek donemlerde artarak devam etmesi
beklenmektedir.
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2.2.5. Robotik Siire¢ Otomasyonun Yatirimlar Uzerindeki Etkileri

Yatirimlar, robotik siire¢ otomasyonunun, robotlar gibi, ekonomide 6nemli doniisiim
yaratma potansiyelinin oldugu alanlardan biridir. Calisanlarin yerine robotlarin kullanilmasi ile
elde edilecek maliyet tasarrufu, bir 6nceki boliimde ifade edildigi gibi, robot yatirimlarinin en
onemli nedenidir. Benzer bir durum, robotik siire¢ otomasyonu i¢in de s6z konusudur. Robotik
siire¢ otomasyonunun yillik lisans iicreti, 3000 EUR ile 8000 EUR arasinda degismektedir.
Avrupa Birligi'nde bulunan iilkelerde c¢alisanlarin ortalama yillik maas1 ise, 30000 EUR
civarindadir. Tek bir caliganin ortalama yillik maasi, robotik siire¢ otomasyonunun maliyetinin
yaklasik ii¢ katidir. Robotik siire¢ otomasyonu, calisanlarin ortalama yillik maasindan daha
diisilk maliyete sahip olmasinin yaninda; 24 saat kesintisiz ¢alisabilmektedir. Robotik siireg
otomasyonu, biitiin bu etkilerin sonucunda firmalara 6nemli maliyet tasarrufu saglamaktadir
(Anagnoste, 2017). Bu maliyet tasarrufu, firmalar1 robotik siire¢ otomasyonu yatirimi yapmaya
tesvik eden faktorlerin basinda gelmektedir. Rutin islerin sikligi, endiistri Olgegi, sirketlerin
faaliyet gosterdigi sektordeki uluslararasi rekabetin yogunlugu gibi faktérler de firmalarin robot
yatirimi yapmasinda etkili olmaktadir. Robotik siire¢ otomasyonu yatirimlari i¢in de benzer
durum s6z konusudur. Robotik siire¢ otomasyonu, rutin igler i¢in uygundur. Robotik siireg
otomasyonu ile yapilacak islerin ¢ok tekrarli ve manuel olmasi gerekmektedir. Bu tiir isler,
Olcek yogun endiistrilerde daha ¢ok bulunmaktadir. Kiiresel rekabet, firmalarin robotik siire¢
otomasyonu yapmasinda énemli rol oynamaktadir. Uretkenlik artisina neden olan robotik siireg
otomasyonu, sirketlerin kiiresel rekabet gili¢lerini hem korumasina hem de arttirmasina énemli
katki yapmaktadir. Ingiltere'de bulunan Telefonica 02 firmasinin robotik siireg otomasyonuna
onemli yatirimlar yapmasinin temel nedeni, kiiresel rekabet giiciinii korumaktadir (Lacity vd.,
2015). Dolayisiyla, bu ti¢ faktor de robotlar da oldugu gibi, firmalar1 robotik siire¢ otomasyonu
yatirimi yapmaya tesvik etmektedir.

Robot yatirnmlarinin toplam yatirimlar i¢indeki pay1 diisiiktiir. Robotik siire¢ otomasyonu
alaninda yapilan yatirimlarin gelecek donemlerde daha c¢ok artmasi beklenmektedir. Fakat
benzer bir egilimin robotik siire¢ otomasyonu yatirimlar i¢in de s6z konusu olmasi, oldukga
muhtemeldir. Robotik siire¢ otomasyonu temel olarak bir yazilim lisansidir (Aguirre ve
Rodriguez, 2017). Bu sebeple, robotik siire¢ otomasyonu kullanimi ig¢in biiylik miktarda
donanim yatirimina ihtiya¢ bulunmamaktadir. Dolayisiyla, robotik siire¢ otomasyonunun
yatirnm maliyeti, diger bilgi islem teknolojilerine gore daha diigiiktiir (Suri vd., 2017). Bu
nedenlerle, robotik siire¢ otomasyonu yatirimlarinin toplam yatirimlar igindeki payi, gelecek
donemlerde biiyiik olasilikla diisiik olacaktir. Robot yatirimlari temel olarak imalat sanayi
alaninda yogunlasmaktadir. imalat sanayi alan1 disinda robot kullanimi ¢ok azdir. Fakat benzer
bir durum, robotik siire¢ otomasyonu i¢in s6z konusu degildir. Hizmetler sektorii, robotik siireg
otomasyonu yatirimlarinin ve kullanimin en ¢ok yogunlagtig1 alandir. Bankacilik ve sigortacilik,
Diinyada 2022 yilinda robotik siire¢ otomasyonunun en yogun olarak kullanildig1 sektorlerdir.
Bu iki sektorii, bilgi islem teknolojileri ve lojistik sektdrleri takip etmektedir. Imalat sanayinde
robotik siire¢ otomasyonu kullanimi, bu dort sektoriin gerisinde bulunmaktadir (Grand View
Research, 2023). Benzer bir durum Tiirkiye iginde séz konusudur. Ozdem ve Bora, (2022)
calismasina gore, bankacilik ve finans sektorii, Tiirkiye'de robotik siire¢ otomasyonun en ¢ok
kullanildig1 alandir. Bankacilik ve finans sektoriiniin ardindan sigorta sektorii gelmektedir.
Imalat sanayi, bu iki sektdriin gerisinde bulunmaktadir. Bu durumu asagida bulanan Sekil 3
gostermektedir. Hem Diinya’da hem Tiirkiye'de hizmetler sektorii, robotik siire¢ otomasyonu
yatirimlarinin yogunlastigi en 6nemli alandir.
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Sekil 3. Tiirkiye'de Robotik Siire¢ Otomasyonun Sektérlerde Kullanim Oranlar.
Kaynak: Ozdem ve Bora, 2022

2.2.6. Robotik Siire¢ Otomasyonun Uretim Aglar1 Uzerindeki Etkileri

Robotik siire¢ otomasyonu, robotlar gibi yeni bir iiretim agmnin ortaya ¢ikmasina neden
olmaktadir. Fakat bu {iiretim agi, son donemde meydana gelmistir. Bu nedenle, ekonomi
iizerinde robotlar kadar 6nemli etkiler yaratamamaktadir. Robotik silire¢ otomasyonu iiretim agi,
robot iiretim agindan farkli olarak, imalat asamasina sahip degildir. imalat siireci, istihdam ve
yatirim gibi alanlarda 6nemli artis yaratmaktadir. Robotik siire¢ otomasyonu temel olarak bir
bilgisayar yazilimidir ve iretim siirecinde imalat asamasi bulunmamaktadir. Dolayisiyla,
robotik siire¢ otomasyonu iiretim agi, robot {iretim aginin imalat siirecinin ekonomi {izerinde
yarattig1 etkiyi yapamamaktadir. Robotik siire¢ otomasyonu tiretim agi, robot {iretim agina gore
kiigiik olmasina ragmen; pazar biiyiikligii 2022 yilinda 2,3 milyar dolara ulagmistir. Bu rakamin
gelecek donemlerde daha gok artmasi beklenmektedir (Grand View Research, 2023).

Robotik siire¢ otomasyonu iretim agi, li¢ asamadan olugmaktadir. Robotik siireg
otomasyonu {iretim agmin ilk asamasi, robotlarda oldugu gibi arastirma gelistirmedir. Bu
asamada {iniversiteler, firmalar ve arastirma kuruluslari, robotik siire¢ otomasyonu ile ilgili en
son teknolojileri gelistirmektedirler. Robotik siire¢ otomasyonu ile ilgili arastirmalar heniiz
baslangi¢c asamasindadir. Bu durum, asagida bulunan Tablo 3'te goriilmektedir. Tablo 3, 1990
ile 2018 yillar1 arasindaki donemde Web of Science ve Scopus veri tabaninda robotik siire¢
otomasyonu anahtar kelimesinin arama sonuglarini  gostermektedir. Tablo 3'ten de
goriilebilecegi gibi, robotik siire¢ otomasyonu alaninda yapilan aragtirmalar ¢ok azdir. Bu
durum, robotik siire¢ otomasyonu alaninda arastirmalarin heniiz baslangi¢ asamasinda olduguna
isaret etmektedir. Robotik siire¢ otomasyonu alaninda yapilan arastirmalar, 2015 ile 2018
arasindaki donemde daha ¢ok yogunlagsmaktadir. Yapilan ¢aligmalarin ¢ok biiyiikk ¢ogunlugu,
bilgisayar ve yoOnetim bilimleri alanindadir (Sliz, 2019) Robotik siire¢ otomasyonu iiretim
agmin ikinci kismi, firmalarin ihtiyaglari dikkate alinarak gelistirilen yazilimlarin, firmalarin
kullanimina hazir hale getirilmesidir. Bu asamada, yazilim gelistirme, entegrasyon ve satis,
robot iiretim agindan farkli olarak aymi firmalar tarafindan yapilmaktadir. En 6nemli robotik
siire¢ otomasyonu tedarikgileri arasinda, Automation Anywhere (ABD), BluePrim (Ingiltere),
UiPatch (Romanya), Redwood (Hollanda), Workfusion (ABD) ve Openspan (ABD)
bulunmaktadir (Anagnoste, 2017). Bu firmalar, sirketlerin ihtiyaglarina uygun robotik siire¢
otomasyonu yazilimlarimi gelistirip; onlarin siireglerine entegre etmelerinin yaninda, robotik
stirec otomasyonu ile ilgili egitim ve danmigmanlik hizmetleri de vermektedirler (Lacity ve
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Willcocks, 2016). Robotik siire¢ otomasyonu iiretim aginin {igiincii kisimi tiiketicilerdir. Son
kullanicilar olan tiiketiciler, is siire¢lerini daha etkin hale getirmek icin robotik siireg
otomasyonunu kullanmaktadirlar. Walwart, American Express, gibi ¢ok uluslu biiyiik sirketler
basta olmak iizere farkli sektorlerden firmalar, robotik siire¢c otomasyonundan is siireglerinde
faydalanmaktadirlar (Jovanovi¢ vd., 2018).

Tablo 3. Web of Science ve Scopus Veri Tabanlarinda Robotik Siire¢ Otomasyonu Aramasinin
Sonuglari

Yapilan Yayin Sayisi (1990-2018)

Veritabani Anahtar Kelime Hepsi Bilimsel Makaleler
Web of Science 12 3
S 1 0
Robotik siire¢ otomasyonu 29 8
Scopus 20 6

Kaynak: Sliz, 2019.

Gelismis iilkelerde faaliyet gosteren firmalar, robot iiretim aginda oldugu gibi, robotik
slire¢ otomasyonu liretim aginda da aragtirma gelistirme ile yazilim ve satig asamalarina hakim
durumdadirlar. Robotik siire¢ otomasyonu gibi iiretkenlik kazanimina neden olan ve ¢iktiy1
arttiran teknolojiler, ekonomik kalkinma siirecinde son derece Onemli rol oynamaktadirlar.
Gelismekte olan iilkelerin geligmis iilkeleri yakalamalar1 i¢in robotik siire¢ otomasyonu gibi
teknolojilere yatirim yapmasi, 6nem tasir. Gelismekte olan iilkelerin, robotik siire¢ otomasyonu
agmin arastirma gelistirme ile yazilim ve satis asamalarinda diinya ile rekabet edebilir konuma
gelmeleri gerekmektedir. Bunun i¢in gelismekte olan iilkelerde bulunan hiikimetlere donemli
gorevler diismektedir. Hiikiimetler, firmalara gerekli olan destegi saglamali, 6zellikle arastirma
ve gelistirme alanina yatirim yapmalidirlar.

3. Robotik Siire¢ Otomasyonu Uygulamalari

Robotik siire¢ otomasyonu, robotlar gibi, ekonomide biiyilk doniisiimler yaratacak
potansiyele sahiptir. Fakat robotik siire¢ otomasyonu, robotlardan farkli olarak, en ¢ok hizmetler
sektoriinde kullanilmaktadir. Bankacilik ve sigortacilik sektorii, robotik siire¢ otomasyonunun
hizmetler sektoriinde en ¢ok kullanildigr alanlarin basinda gelmektedir. Bu nedenle, robotik
siire¢ otomasyonunun yarattigi etkiler, calismanin bu boliimde, 6rnek bankanin is siireglerinde
kullandigr iki uygulama iizerinden tartigilacaktir. Bu g¢ergevede, ticari kredi tahsis ve fatura
O0deme siireglerinde robotik siire¢ otomasyonu kullanmanin emek iiretkenligi, istihdam, islerin
niteligi, yatirnmlar gibi alanlarda yarattigi etkiler incelenecektir. Ayrica, bu uygulamalarda
robotik siire¢ otomasyonu kullanmanin hizmetler sektdriinde neden oldugu doniisiimler de
aciklanmaya calisilacaktir. Bu boliimiin son kisminda ise, iki uygulamadan elde edilen faydalar
Ozetlenecektir.

Calismada kullanilan veriler, drnek bankanin 2 farkli genel miidiirliik birimi tarafindan
kullanilan robotik siire¢ otomasyonu uygulamalarindan elde edilmistir. Nakit y6netimi
pazarlama miidiirligii ve ticari kredi tahsis birimleri tarafindan kullanilan robotik siire¢
otomasyonu uygulamalari, kullanildiklar siire boyunca bankanin bilgi islem ekipleri tarafindan
incelenmekte, analiz edilmekte ve raporlanmaktadirlar. Bu ¢alismada kullanilan veriler 6rnek
bankanin bilgi islem ekiplerinden alinmistir. Her iki uygulama da tam olarak ayrintili bir
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bigimde Ogrenilmistir. Ayrica, banka igerisinde ilgili robotik siire¢ otomasyonunu kullanan ig
birimleri ile uygulama siireci tartigilmis, verilerin dogrulugu teyit edilmistir.

3.1. Uygulama 1: Ticari Kredi Tahsis Birimleri Tarafindan Kullanilan Robotik
Siire¢c Otomasyonu Uygulamasi

Calismanin bu boliimde agiklanacak ilk robotik siire¢ otomasyonu uygulamasi, 6rnek
bankanin ticari kredi tahsis birimleri tarafindan kullanilmaktadir. Kredi talepleri, bolge ve genel
midiirlik ticari kredi tahsis birimlerine degerlendirmeleri i¢in gelmektedir. Bolge ve genel
miidiirliik birimlerinde calisanlar, bu talepleri degerlendirmek i¢in 17 farkli ekrandan kredi
basvurusunda bulunan kisilerin istihbarat, kredi limiti, aksama durumu gibi bilgilerini
toplamakta; ardindan da bir dosya olusturmaktadirlar. Bagvuruda bulunan kisilere kredi verilip
verilmeyecegine, hazirlanan bu dosyada bulunan bilgilere gore karar verilmektedir. Ticari kredi
tahsis silirecinin operasyonel kismini olusturan dosya olusturma isi, banka tarafindan gelistirilen
robotik siire¢ otomasyonu sayesinde otomatik hale getirilmistir. Robotik siire¢ otomasyonu,
gerekli olan bilgileri toplamakta ve dosyay1 olusturmaktadir. Robotik siireg otomasyonu, daha
sonra bu dosyayi, hem galisanlarin rahatlikla ulasabilecegi bir klasoére birakmakta, hem de e-
posta ile isteyen kisilere iletmektedir. Bu sayede, bolge ve genel miidiirliik birimlerinde
calisanlar, dosya olusturma siireci gibi operasyonel yiikii fazla olan isler ile ugragmayi
birakmakta, katma degeri daha yiiksek olan iglere daha fazla agirlik verebilmektedirler.

Ticari kredi tahsis siireclerinde robotik siire¢ otomasyonu kullanilmasinin degisim
yarattig1 en onemli alan {iretkenliktir. Banka, 2021 yilinin Eyliil aymin basindan itibaren, ticari
kredi tahsis siireglerinde dosya olusturmak icin robotik siire¢ otomasyonu kullanmaktadir.
Robotik siire¢ otomasyonu, Eyliil 2021 ile Ekim 2023 arasindaki dénemde, 90.877 talebi
degerlendirmis ve dosya olusturmustur. Robotik siire¢ otomasyonu, her bir talebi, ortalama 30
dakikada i¢inde tamamlamaktadir. Bu siire, ayni isi bir ¢alisanin yaptigi duruma gore oldukca
kisadir. Bir ¢alisan giinde 480 dakika caligmaktadir. Robotik siire¢ otomasyonu, bu siire goz
oniine alindiginda, ilgili donemde 5.679 adam/giin is yapmustir. Robotik siire¢ otomasyonu, hem
isleri ¢alisanlara gore daha kisa yapmakta, hem de 7/24 ¢alismaktadir. Bu nedenlerle, bankanin
ticari kredi tahsis siireclerinde robotik siire¢ otomasyonu kullaniminin 6nemli iiretkenlik
kazanimlara sebep oldugu ortaya ¢ikmaktadir. Ticari kredi tahsis siireclerinde robotik siireg
otomasyonun kullanilmasiin 6nemli etki yarattig1 diger iki alan istihdam ve islerin niteligidir.
Bankanin ticari kredi tahsis siireglerinde robotik siire¢ otomasyonu kullanmasi, istihdam
kaybina neden olmamuistir. Dolayisiyla, iiretkenlik etkisi, yer degistirme etkisine {istlin gelmistir.
Calisanlar, tekrarli, rutin ve manuel olan dosya olusturma isi ile ugrasmayi birakmuslar;
degerlendirme ve karar verme gibi yiksek katma degerli ve nitelikli isleri yapmaya
baslamiglardir. Boylece ticari kredi tahsis siireci daha etkin hale gelmistir. Ticari kredi tahsis
stireclerinde dosya olusturmak igin robot siire¢ otomasyonu kullanmanin maliyeti de oldukga
diisiiktiir. Ticari kredi tahsis siireglerinde dosya olusturmak i¢in robot silire¢ otomasyonu
gelistirilmesi, 45 adam/giin kadar maliyete neden olmaktadir. Bu maliyet ise, diger bankacilik
uygulamalarm gelistirilmesi i¢in ihtiyag duyulan maliyet ile kiyaslandiginda oldukga azdir.
Biitin bu faydalarinin isaret ettigi gibi, ticari kredi tahsis siireclerinde robotik siireg
otomasyonun kullanilmasi, bankacilik sektoriinde 6nemli degisimlere neden olmaktadir. Cok
diisiik yatinm maliyeti ile ¢alisanlar, diisiik nitelikli operasyonel igleri yapmay1 birakmakta,
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katma degeri daha yliksek islere daha fazla zaman ayirabilmektedirler. Bu durum, onemli
verimlilik kazanimlarini beraberinde getirmektedir.

3.2. Uygulama 2: Nakit Yonetimi Pazarlama Miidiirliigii Tarafindan Kullanmilan
Robotik Siire¢ Otomasyonu Uygulamasi

Bu boliimde tartisilacak ikinci robotik siire¢ otomasyonu uygulamasi, 6rnek bankanin
fatura 6deme siireclerinde nakit yonetimi pazarlama miidirligii tarafindan kullanilmaktadir.
Miisterilerin yaptig1 fatura O6demelerinde belirli bir adet smiri bulunmaktadir. Bu smirin
iizerinde fatura 6demesi yapmak isteyen miisteriler, miisteri memnuniyeti ve ¢6ziim merkezi
midiirliigii araciligiyla fatura 6deme limitlerini artirmak icin talepte bulunmaktadirlar. Bu
talepler, nakit yonetimi pazarlama miidiirliigii calisanlar1 tarafindan, miisterinin tiiri, miisterinin
son bir ayda 6dedigi fatura sayis1 gibi kriterlere bakilarak degerlendirilmektedir. Talepler,
degerlendirmenin sonucunda, onaylanmakta ya da ret edilmektedirler. Bu siireg, otomatik hale
getirilerek; gelen talepler robotik siire¢ otomasyonu tarafindan degerlendirilmeye baglanmistir.
Robotik siire¢ otomasyonu, daha once belirlenen kriterlere gore, miisterilerden gelen talepleri
ret etmekte veya onaylamaktadir. Robotik siire¢ otomasyonu, istisna olarak belirlenen durumlar
icin herhangi bir islem yapmamakta; ilgili talebi, nakit yonetimi pazarlama miidiirligii
calisanlarina yonlendirmektedir.

Uretkenlik artig1, fatura 6deme siireclerinde limit artirrm taleplerini degerlendirmek igin
robotik siire¢ otomasyonu kullanilmasinin yaratt1g1 en 6nemli kazanimdir. Ornek bankada fatura
O0deme siireclerinde limit artirim taleplerini degerlendirmek igin robotik siire¢ otomasyonu
kullanimi, 2023 yilinin ekim ayinda baglamistir. Robotik siire¢ otomasyonu, kullanildigi bir
aylik siirecte, hem gelen 320 talebin 247'sini cevaplamig, hem de bu taleplerin ¢6ziim siiresini
yartya indirmistir. Bu durumun sonucu olarak, fatura &deme siireglerinde robotik siire¢
otomasyonu kullanilmasi, 6nemli {iretkenlik artisina neden olmustur. Fatura 6deme siireclerinde
robotik siire¢ otomasyonundan yararlanilmasinin 6nemli etki yarattigi diger iki alan, istihdam ve
iglerin niteligidir. Fatura 6deme siireclerinde robotik siire¢ otomasyonu kullanimi, istihdam
kaybina neden olmamistir. Bu nedenle, iiretkenlik etkisi, yer degistirme etkisine {istiin gelmistir.
Nakit yonetimi pazarlama miidiirliigli calisanlari, robotik siire¢ otomasyonu sayesinde,
operasyonel yiikii fazla olan fatura limit artinm taleplerini degerlendirme isini yapmayi
azaltmiglardir. Bu durum, nakit yonetimi pazarlama miidiirligi ¢aliganlarinin, AR-GE ve
pazarlama gibi katma degeri fazla olan faaliyetlere daha c¢ok zaman ayirmasina imkan
saglamistir. Fatura 0deme siireglerinde limit artirim taleplerini degerlendirmek ig¢in robotik
siire¢ otomasyonu gelistirmenin maliyeti, 20 adam giindiir. Bu yazilim gelistirme maliyeti,
bankacilik sektdriinde kullanilan diger uygulamalar ile karsilastirildiginda oldukca diisiiktiir.
Dolayisiyla, diisiik yatirnm maliyeti ile gelistirilen robotik siire¢ otomasyonunun fatura 6deme
siireglerinde kullanilmasi, bankacilik sektoriine énemli katki saglamaktadir. Hem calisanlar,
operasyonel yiikii fazla olan isleri yapmay1 birakip, katma degeri daha fazla olan islere daha
fazla vakit ayirabilmekte; hem de bankanin tiretkenligi artmaktadir.
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3.3. Ticari Kredi Tahsis Birimleri ve Nakit Yonetimi Pazarlama Miidiirliigii
Tarafindan Kullamilan Robotik Siire¢ Otomasyonu Uygulamalarimin Yarattigi Etkilerin
Degerlendirilmesi

Ticari kredi tahsis ve fatura oOdeme siireclerinde robotik siire¢ otomasyonu
kullanilmasinin yarattig1 etkiler, asagida bulunan Tablo 4'te 6zetlenmektedir. Hem fatura 6deme
stireclerinde limit arttirim taleplerini degerlendirmek i¢in, hem de ticari kredi tahsis siireclerinde
dosya olusturmak i¢in robotik siire¢ otomasyonu kullanimi, 6rnek bankada iiretkenlik artigina
neden olmustur. Bu durum, iki faktdérden kaynaklanmaktadir. Ilk olarak, her iki robotik siirec
otomasyonu uygulamasi da islerin yapilis siirelerini ¢aliganlarin yaptigi duruma gére onemli
dlgiide azaltnmslardir. Ikinci olarak, her iki siiregte de robotik siire¢ otomasyonu kullanimi,
calisanlarin katma degeri daha yiliksek olan faaliyetlere daha fazla zaman ayirabilmesine imkan
saglamistir. Her iki robotik siire¢ otomasyonu uygulamasinin is siire¢lerinde kullanimi, érnek
bankada istihdam kaybina neden olmamistir. Bu sebeple, iiretkenlik etkisi, yer degistirme
etkisine Ustlin gelmistir. Ticari kredi tahsis ve fatura 6deme siireglerinde kullanilan robotik siireg
otomasyonu uygulamalarini gelistirmenin maliyeti, diger bankacilik uygulamalarina gore
oldukea diigiiktiir. Bu nedenle, 6rnek banka, diisiik yatirim maliyeti ile 6nemli kazanimlar elde
etmektedir. Bu durum, robotik siire¢ otomasyonu kullaniminin bankacilik sektoriinde dnemli
degisim yarattigini ve gelecek donemde de kullaniminin daha ¢ok artacagina isaret etmektedir.

Tablo 4. Ticari Kredi Tahsis ve Fatura Odeme Siireclerinde Robotik Siire¢ Otomasyonu
Kullanmanin Yarattig1 Etkilerin Sonugclari

Uvaulama Hizmetler
Ai/agm Uretkenlik Islerin Niteligi Istihdam Yatirnm Sektorii
Etkisi

Ticari Kredi Yiiksek nitelikli Istihdam Diistik yatirim e

. S A Doéntisiim
Tahsis Arttirtyor  islerin yapilmasina  kaybina neden maliyeti ile arativor
Stiregleri neden olur. olmaz. gerceklestirilebiliyor yaratyor.
Fatura Yiiksek nitelikli Istihdam Diistik yatirim e
e S A Doniistim
Odeme Arttirtyor  islerin yapilmasina  kaybina neden maliyeti ile arativor
Siirecleri neden olur. olmaz. gerceklestirilebiliyor yaratlyor.

Kaynak: Yazarlar tarafindan hazirlanmistir.

Ticari kredi tahsis ve fatura 6deme siireclerinde robotik siire¢ otomasyonu kullanmanin
ornek bankada ortaya cikardigi kazanmmlart su gibi Ozetleyebiliriz. Her iki uygulamanin
kullanilmas1 da ornek bankada istihdam kaybina neden olmamustir. Bu durum, iiretkenlik
etkisinin yer degistirme etkisinden fazla olmasindan dolay1 ortaya ¢ikmistir. Hem ticari kredi
tahsis siireglerinde hem de fatura 6deme siireglerinde kullanilan robotik siire¢ otomasyonu
uygulamalarii gelistirmenin maliyeti, diger bankacilik uygulamalarina gore oldukga diisiiktiir.
Ticari kredi tahsis siireclerinde kullanilan robotik siire¢ otomasyonunu gelistirmenin maliyeti 45
adam/giindiir. Fatura 6deme siire¢lerinde kullanilan robotik siire¢ otomasyonunu gelistirmenin
maliyeti ise 20 adam/gilindiir. Robotik siire¢ otomasyonu, diisiik maliyet ile biliylik kazanimlara
neden olmaktadir. Her iki uygulamanin da kullanilmasi, ilgili birimlerde yapilan islerin
niteliginde 6nemli degisimlere neden olmustur. Calisanlar bankaya katma degeri daha fazla olan
faaliyetlere daha fazla zaman ayirma imkanmna kavusmuslardir. Hem ticari kredi tahsis
stireclerinde hem de fatura 6deme siireclerinde robotik siire¢ otomasyonundan faydalanilmasin,
ornek bankada 6nemli iretkenlik kazanimlarina neden olmustur. Robotik siire¢ otomasyonu,
7/24 calismakta ve isleri ¢alisanlara gore daha kisa siirede bitirmektedir. Robotik siireg
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otomasyonu, sahip oldugu 6zellikler sayesinde hizmetler sektoriinde 6nemli doniisiimlere neden
olmaktadir. Bu durum, o6rnek bankadaki robotik siire¢ otomasyonu uygulamalart icin de
gecerlidir. Robotik siire¢ otomasyonu, iiretkenlik ve istihdam iizerinde degisimler yaratarak, is
stireclerinin daha verimli hale gelmesine neden olmaktadir.

4. Sonug

Teknolojik degisme, ekonomik biiyiime siirecinin arkasindaki temel giictiir. Genel amaclh
teknolojiler, ¢ok farkli alanlarda kullanilabilme, yeni iiriin ve hizmetlerin ortaya ¢ikmasina
neden olma ve zaman iginde gelistirilmeye agik olma gibi niteliklere sahiptirler. Genel amagh
teknolojiler, sahip olduklar1 bu 6zellikler nedeniyle teknolojik degisim siirecinde 6nemli rol
oynamaktadirlar. Genel amagl teknolojilerin niteliklerine sahip olan robotik siire¢ otomasyonu
ve robotlar da daha 6nce ortaya ¢ikan buhar teknolojisi, elektrik enerjisi gibi toplumun her
alaninda 6nemli degisimler yaratacak potansiyele sahiptirler.

Bu caligmada, ilk olarak, robotlarin ve robotik siire¢ otomasyonun ekonomide yarattigi
degisimler agiklanmaya calisilmistir. Bu cergevede, robotlarin ve robotik siire¢ otomasyonun
emek tiiretkenligi, istihdam, islerin niteligi, yatirimlar, hizmetler sektorii gibi alanlarda yarattig:
dontisiimler ve gelecek donemde yaratabilecekleri etkiler incelenmistir. Hem robotlar hem de
robotik siire¢ otomasyonu, kullanildiklar1 sektorlerde ©Onemli Tiretkenlik artisina neden
olmaktadirlar. Robotlarin ve robotik siire¢ otomasyonun is siireglerinde kullanilmasinin
istihdam iizerinde yaratti§i degisim, liretkenlik etkisi ile yer degistirme etkisinin sonucu olarak
ortaya ¢ikmaktadir. Bu nedenle, robotlardan ve robotik siire¢ otomasyonundan is siire¢lerinde
yararlanmanin istihdam iizerinde yarattig1 etkiler, iilkeler arasinda farklilik gostermektedir.
Robotlardan ve robotik siire¢ otomasyonundan is siireglerinde faydalanilmasi, islerin niteligi
tizerinde de 6nemli degisimler yaratmaktadir. Hem robotlar hem de robotik siire¢ otomasyonu
sayesinde, calisanlar rutin, manuel ve tekrarli isleri yapmay1 birakmakta; katma degeri daha
fazla olan islere daha fazla zaman ayirma imkanina kavugmaktadirlar. Bu durum, 6zellikle firma
diizeyinde onemli katma deger artisina neden olmaktadir. Robotlar esas olarak imalat
sanayisinde kullanilmaktadirlar. Hasta bakimi gibi alanlarda kullanimlar1 artmasina ragmen;
hizmetler sektoriinde kullanimlari oldukga sinirlidir. Robotik siire¢ otomasyonundan ise esas
olarak hizmetler sektoriinde faydalanilmaktadir. Robotik siire¢ otomasyonu, 6zellikle bankacilik
sektoriinde yaygin olarak kullanilmaktadir. Hem robot yatirimlarinin hem de robotik siireg
otomasyonlar1 yatirnmlarinin toplam yatirimlar igindeki pay1 oldukga disiiktir. Bu egilime
ragmen hem robotik siire¢ otomasyonu hem de robot yatirimlarinin ilerleyen donemlerde
artmas1 beklenmektedir.

Calismada ikinci olarak, robotik siire¢ otomasyonun yarattigi etkiler, 6rnek bankanin
ticari kredi tahsis ve fatura 6deme siiregleri tizerinden gdsterilmistir. Her iki siirecte de robotik
siire¢ otomasyonun kullanilmasi, iiretkenlik artisina neden olmustur. Bu siire¢lerde robotik
stirec otomasyonundan faydalanilmasi, istihdam kaybma neden olmamistir. Dolayisiyla,
uretkenlik etkisi, yer degistirme etkisine istiin gelmistir. Ticari kredi tahsis ve fatura 6deme
stireclerinde robotik siire¢ otomasyonundan yararlanilmasi sonucunda ¢alisanlar, rutin manuel
ve tekrarl isleri yapmay1 birakmuslar, katma degeri daha yiiksek olan faaliyetlere daha fazla
zaman ayirma imkanina kavusmuslardir. Robotik siire¢ otomasyonu, biitiin bu kazanimlar1 diger
bankacilik uygulamalar1 ile karsilastirildiginda olduk¢a diisik yatirnm maliyeti ile
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gerceklestirmektedir. Yarattigi biitiin bu etkiler sayesinde robotik siire¢ otomasyonu, Ornek
bankada 6nemli degisim yaratmustir.

Devlete robotik siire¢ otomasyonun ve robotlarin yarattigi etkileri yonetme siirecinde
onemli gorevler diismektedir. Robotik siire¢ otomasyonu ve robotlar, rutin, manuel ve tekrarlt
isleri yapmaktadirlar. Bu sebeple, bu isleri yapan diisiik nitelikli ¢alisanlar islerini kaybetme
riski ile kargt karsiya kalmaktadirlar. Dolayisiyla calisanlarin yeniden egitilmesi ve yeni
yetenekler kazanmasi biiyiik 6nemdedir. Hiikiimetler, egitim programlarini yeniden diizenlemeli
ve c¢alisanlarin yeniden egitimini tesvik etmelidirler. Robotlar1 gelistirme siirecinde AR-GE ve
imalat asamalar1 gelismis iilkelerde yogunlagsmaktadir. Benzer bir durum robotik siireg
otomasyonu i¢in de s6z konusudur. Gelismis iilkelerde faaliyet gosteren firmalar, robotik siire¢
otomasyonu gelistirme siirecinin AR-GE ve yazilim asamalarinda 6n plana ¢ikmaktadirlar.
Robotlarin ve robotik siire¢ otomasyonun neden oldugu faydalar goz oniine alindiginda,
gelismekte olan iilkelerin AR-GE ile gelistirme asamalarina agirlik vermesi biiyilk 6nemdedir.
Gelismekte olan tlkelerin gelismis iilkeleri AR-GE ve gelistirme alanlarinda yakalayabilmesi
icin devletin aktif rol oynamasi ve 0Ozel sektoriin yetmedigi yerde miidahil olmasi
gerekmektedir.

Arastirma ve Yayin Etigi Beyani
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu galismada arastirma ve yayin etigine
uyulmustur.

Arastirmacilarin Katki Oram1 Beyani
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Arastirmacilarin Cikar Catismasi Beyani
Bu ¢alismada herhangi bir potansiyel ¢ikar ¢catismasi bulunmamaktadir.
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ECONOMIC IMPACTS OF ROBOTS AND ROBOTIC PROCESS
AUTOMATION IN THE AGE OF DIGITALIZATION

EXTENDED SUMMARY

The Purpose of the Study

The aim of this study is to explain the changes created by robots and robotic process
automation in the economy and discuss the potential they will have in the future. The study
differs from other studies by showing the effects of robotic process automation through the
applications of the sample bank and trying to explain in detail the changes created by robots and
robotic process automation in the economy.

Methodology

In this study, first of all, the changes which are brought about by robots and robotic
process automation in the economy have been tried to explain. For this purpose, extensive
literature on the subject was examined, and the results were summarized. Secondly, the impacts
of robotic process automation are shown through the commercial loan allocation and bill
payment processes of the sample bank. For this purpose, data regarding the application results
of these two processes from the sample bank were used.

Discussions and Conclusion

In this study, firstly, the changes that are created by robots and robotic process
automation in the economy have been tried to be explained. In this context, the transformations
that are created by robots and robotic process automation in areas such as labor productivity,
employment, quality of jobs, investments, and services sector, as well as the effects they may
have in the future, have been examined. Both robots and robotic process automation cause
significant productivity increases in the sectors where they are used. The changes that are
created by the use of robots and robotic process automation in business processes on
employment occur as a result of the productivity effect and the displacement effect. Therefore,
the effects of using both robots and robotic process automation in business processes on
employment vary between countries. The use of robots and robotic process automation in
business processes also creates significant changes in the quality of work. Thanks to both robots
and robotic process automation, employees stop doing routine, manual, and repetitive tasks as
well as they have the opportunity to spend more time on jobs with more added value. Robots are
mainly used in the manufacturing industry. Robot use in the services sector is quite limited.
Robotic process automation is mainly used in the services sector. Robotic process automation is
especially widely used in the banking industry. The share of both robot investments and robotic
process automation investments in total investments is quite low. Despite this trend, both
robotic process automation and robot investments are expected to increase in the future.

Secondly, the effects of robotic process automation are demonstrated through the
commercial loan allocation and bill payment processes of the sample bank. The utilization of
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robotic process automation in both processes has resulted in a productivity increase. Using
robotic process automation in these processes did not cause employment loss. Therefore, the
productivity effect is bigger than the displacement effect. As a result of utilizing robotic process
automation in commercial loan allocation and bill payment processes, employees stopped doing
routine, manual, and repetitive tasks. They had the opportunity to spend more time on activities
with higher added value. Robotic process automation achieves all these gains with a very low
investment cost compared to other banking applications. Thanks to all these effects, robotic
process automation has created a significant change in the sample bank.

The state has important duties in managing the effects of robotic process automation and
robots. Robotic process automation and robots perform routine, manual, and repetitive tasks.
For this reason, low-qualified employees who perform these tasks face the risk of losing their
jobs. Therefore, it is of great importance to retrain employees and acquire new skills.
Governments should reform training programs and encourage employee retraining. In the robot
development process, the R&D and manufacturing stages are concentrated in developed
countries. A similar situation applies to robotic process automation. Companies that have
operated in developed countries have come to the fore in the R&D and software stages of the
robotic automation development process. Considering the benefits caused by robots and robotic
process automation, it is of great importance for developing countries to focus on R&D and
development stages. In order for developing countries to catch up with developed countries in
R&D and development fields, the state must play an active role and intervene where the private
sector is not sufficient.
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