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AMAC VE KAPSAM

Hali¢ Universitesi Sosyal Bilimler Dergisi Eyliil 2018 tarihinden
itibaren yilda iki kez yayinlamaktadir. Bu dergide sosyal bilimler,
beseri bilimler ve konservatuvar alanlarinda aragtirmaya dayal Tiirkce
veya Ingilizce dilinde &zgiin ve derleme makaleler yaymlanmaktadir.
Gonderilen makaleler hakemler tarafindan incelenip degerlendirilir
ve kabul edilen makaleler derginin web sayfasinda online olarak
yaymlanmaktadir. 09.08.2021 tarihi itibari ile online olarak yayimn
hayatina devam etmektedir.

Yayin Sikhgi

Hali¢ Universitesi Sosyal Bilimler Dergisi Mart ve Eyliil aylarinda
olmak iizere yilda iki kez yaymlanmaktadir.

Yayin Kosullari

1. Gonderilecek makalelerde Ozet, abstract, sekil, tablo, metinigi
kaynak ve kaynak¢a gosterimi yazim kilavuzuna gore
hazirlanmadig1 durumda makale direkt reddedilmektedir.

2. Gonderilecek makalelerde alaninda bir boslugu dolduracak 6zgiin
bir arastirma sonuglarini icermesi sarti aranir.

3. Yaymn Kurulu, dergiye gonderilen makaleleri oncelikle yayin
ilkeleri, dergi kapsami, bilimsel igerik ve sekil acisindan inceler.
On incelemeden gegen makaleler degerlendirilmek iizere en az
2 hakeme gonderilir. Eserin dergiye kabul edilebilmesi i¢in iki
hakemden de olumlu degerlendirme almasi1 gerekir. Gerektigi



durumlarda fi¢ilincii hakemden de degerlendirme siirecine katki

saglamasi istenebilir. Son karar editore aittir.

4. Yayinlanmak {izere gonderilen makalelerin daha Onceden
yayimmlanmamis oldugu ve intihal icermedigi iThenticate
aracilifiyla teyit edilir. Benzerlik raporu dergi editorleri tarafindan
kontrol edildikten sonra sonucu referanslar hari¢ %20 ve altinda
¢ikan makaleler degerlendirilmek iizere hakemlere gonderilir.
Sonucu referanslar hari¢ %20 {iizerinde ¢ikan makaleler i¢in
yazardan diizeltme talep edilir. Gerekli diizeltmelerin 20 giin
icerisinde yapilmamasi durumunda makale reddedilir. Siireg
icinde son karar editore aittir.

5. Makale yazarlarindan degerlendirme ve yayimn islemleri igin
herhangi bir ticret talep edilmez.

6. Makalelerin tiim sorumlulugu ilgili yazarlara aittir. Makaleler
uluslararas1 kabul gérmiis bilimsel etik kurallarina uygun olarak
hazirlanmalidir. Gerekli hallerde Etik Kurul Raporu’nun bir
kopyasi1 eklenmelidir.

7. Bireysel kullanim disinda, Halic Universitesi Sosyal Bilimler
Dergisi’'nde yayinlanan makaleler, sekiller ve tablolar yazili
izin olmaksizin ¢ogaltilamaz, bir sistemde arsivlenemez veya
reklam ya da tanittm amacli materyallerde kullanilamaz.
Bilimsel makalelerde, uygun sekilde kaynak gosterilerek alintilar
yapilabilir.

Acik Erisim Politikas1

Hali¢ Universitesi Sosyal Bilimler Dergisi acik erisim politikasini

benimsemis bir dergidir.

\



Makale Yazim Kurallar:

“Yazar Rehberi’ni bilgisayarmmiza derginin web sayfasindan
indirebilirsiniz.

Yazilarin Bilimsel ve Hukuki Sorumlugu

Yayinlanan makalelerin bilimsel ve hukuki sorumlulugu yazarlarina
aittir. Yazilarin iceriginden ve kaynaklarin dogrulugundan yazarlar
sorumludur. Editér, Yardime1 Editér, Yayin ve Danisma Kurulu Uyeleri
ve Yayimci, dergideki hatalardan veya bilgilerin kullanimindan
dogacak olan sonuglardan dolay1 sorumluluk kabul etmez.

Yayin Izni

Bireysel kullannm disinda, Hali¢ Universitesi Sosyal Bilimler
Dergisi’'nde yayinlanan makaleler, sekiller ve tablolar yazili izin
olmaksizin ¢ogaltilamaz, bir sistemde arsivlenemez veya reklam ya
da tanitim amacl materyallerde kullanilamaz. Bilimsel makalelerde,
uygun sekilde kaynak gosterilerek alintilar yapilabilir.

Telif Hakki Diizenlemesi

Telif hakki devir formu doldurulmalidir.
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EDITORDEN MEKTUP

Degerli okurlar,

Hali¢ Universitesi Sosyal Bilimler Dergisinin 2024 Y1l Eyliil say1simi
sizlere sunmaktan biiylik mutluluk duyuyoruz. Yilda iki kez elektronik
baski halinde yayinlanan dergimizin bu baskisinda iki iktisat ve bir
yonetim bilisim alaninda olmak iizere toplamda li¢ arastirma makalesini
sizler ile bulusturuyoruz. Baslangigtan itibaren kalitemizi ve okuyucu
sayimizi yiikselmeyi hedef edindik. Dergimizin bu sayisinin da siz
okurlarimiza yararl olmasini dileriz.

Dergimize makale gondererek bilimsel katki sunan tiim yazarlarimiza,
bu makaleleri kiymetli zamanlarim1 ayirarak degerlendiren
hakemlerimize ve derginin hazirlanmasinda emegi gecen adanmislik
igerisinde ¢alisan tlim akademik ve idari ¢alisma arkadaslarimiza i¢ten
tesekkiirlerimizi sunariz.

Dog¢ Dr. Giil Banu DAYANC KIYAT
Editor
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ARASTIRMA MAKALESI / RESEARCH ARTICLE

Analyzing The Effect of Monetary Policies and
Financial Stability Measures Across Global Markets
amid Covid-19 Pandemics

Rabia OZKAYA!*

"Hali¢ Universitesi, Istanbul
Orcid Numarasi: 0000-0002-0132-8441

Gelis Tarihi: 01.08.2024
*Sorumlu Yazar e mail: rabiaozkaya@yahoo.com Kabul Tarihi: 18.11.2024
Atif/Citation: Ozkaya , R. (2024). “Analyzing The Effect of Monetary Policies and Financial

Stability Measures Across Global Markets amid Covid-19 Pandemics”, Hali¢ Universitesi Sosyal
Bilimler Dergisi 2024, 7(2): 111-141.

Abstract

This study investigates causal relationships among financial stability measures
and monetary policies implemented in the US, the EU, and Tiirkiye. Selected
variables from stock markets, money markets, and bond markets are tested. The set
of macrofinancial process covers S&P500 stock market, BIST-100 stock market;
Volatility index; German, the US and Tiirkiye 10-year treasury bond interest data, the
European Union 27 average CPI, US CPI, Turkey CPI, ECB policy rate, FED policy
rate, CBRT policy rate data. Initially, the Granger causality analysis is applied for
the each dataset of the US, the EU and the Turkish economy, separately. Secondly,
mutual impact of stock markets, money markets and bond markets are examined.
Finally, CBOE Volatility index (VIX) is taken into account. It is aimed to observe
spillover effects from developed economies to emerging markets amid pandemics.
The dataset covers the monthly period of 2019M 1 to 2023M6.

Keywords: Granger Causality, Monetary Policy, Financial Stability, Volatility
Index, Stock Market, European Central Bank
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Covid-19 Pandemisi Sirasinda Kiiresel Piyasalarda
Para Politikalarimin ve Finansal istikrar Tedbirlerinin
Etkisinin Analizi

Oz

Bu ¢alisma, ABD, AB ve Tiirkiye’de uygulanan para politikalar ile finansal istikrar
tedbirleri arasindaki nedensel iligkileri aragtirmaktadir. Hisse senedi piyasalari, para
piyasalar1 ve tahvil piyasalarindan secilen degiskenler test edilmistir. Makrofinansal
stire¢ seti S&PS500 hisse senedi piyasasi, BIST-100 hisse senedi piyasasi; Volatilite
endeksi; Almanya, ABD ve Tiirkiye 10 yillik hazine bonosu faiz verileri, Avrupa
Birligi 27 ortalama TUFE, ABD TUFE, Tiirkiye TUFE, ECB politika faizi, FED
politika faizi, TCMB politika faizi verilerini kapsamaktadir. Granger nedensellik
analizi ilk olarak; ABD, AB ve Tiirkiye ekonomisine ait her bir veri seti i¢in ayr1
ayr1 uygulanmustir. ikinci olarak, hisse senedi piyasalari, para piyasalar1 ve tahvil
piyasalarimim karsilikli etkisi incelenmistir. Son olarak CBOE Volatilite endeksi
(VIX) dikkate alinmistir. Salginlar sirasinda gelismis ekonomilerden gelismekte olan
piyasalara yayilma etkilerinin gézlemlenmesi amaglanmaktadir. Veri seti 2019M1
ile 2023M6 arasindaki aylik donemi kapsamaktadir.

Anahtar Kelimeler: Granger Nedensellik, Para Politikasi, Finansal Istikrar,
Volatilite Endeksi, Borsa, Avrupa Merkez Bankasi

1. Introduction

The global pandemic that began in 2019 has profoundly reshaped
economies worldwide, influencing financial and monetary policies in
ways never before seen. The crisis has led to dramatic shifts in how
countries manage their economies, with significant implications for
financial stability, inflation, and economic growth. As the pandemic
unfolded, governments and central banks implemented a range of
financial and monetary measures to mitigate the economic fallout.
These responses included substantial fiscal stimulus packages,
changes in interest rate policies, and modifications to inflation-
targeting strategies with macroprudential measures. Such measures
were designed to cushion the impact on businesses and consumers,
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stabilize financial markets, and ensure economic recovery.The
effects of these policies are particularly evident in emerging market
economies, which faced unique challenges during the crisis. Many
of these economies grappled with increased financial risks, such as
currency volatility and capital flight, while simultaneously striving to
control inflation and manage debt levels. The interplay between global
financial strategies and local economic conditions created a complex
landscape for policymakers.

To better understand the broad impacts of the pandemic and the
effectiveness of various policy responses, we analyzed monthly data
from 2019M1 to 2023M6. This period encompasses the onset of the
pandemic, its peak disruptions, and the subsequent phases of recovery.
By examining this data, we can gain insights into how financial and
monetary policies have influenced global and local economies, the
behavior of financial markets, and the overall economic environment.

We select the US, EU and Turkish economies to examine the interaction
between the global economy and emerging market economies. The US
economy and EU economies also differ in terms of the price instability
problems they face and hence their reactions to them. (Lutkepohl
and Netsunajev, 2018:6-36). While supply chain disruptions and
supply constraints, especially during the pandemic period, created
inflationary pressure in the US economy. And the Ukraine crisis and
rising energy prices contributed to inflation in the EU economies.
Changing consumption behavior and increased saving surplus, wealth
effect in both developed economies also impacted services price
level. As an emerging market, the Turkish economy, faced external
financing problems and turned to an expansionary fiscal policy and
loose monetary policy. This also yields a powerful rise in inflation.
While it was a less costly process for the US and EU economies to
control inflation in terms of normalization processes. The same is not
the case for Turkey.
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This study investigates causal relationships among selected variables
from stock markets, money markets, and bond markets. Selected
variables are tested. The set of macrofinancial process covers S&P500
stock market, BIST-100 stock market; Volatility index; German, US
and Turkey 10-year treasury bond interest data, European Union 27
average CPI index, US CPI index, Turkey CPI index, ECB policy rate,
FED policy rate, CBRT policy rate data as shown in Table 3.

The Granger causality analysis is applied for first; each dataset of
US, EU and the Turkish economy, separately. Second, mutual impact
of stock markets, money markets and bond markets are examined.
Finally CBOE Volatility index (VIX) is taken into account. It is aimed
to observe spillover effects from developed economies to emerging
markets amid pandemics. The dataset covers the monthly period of
2019M1 to 2023M6.

The foreign share in BIST100 stock market has been gradually
decreased after 2019 and fell below 1%. The fact that the causality
between VIX and BIST100 can be interpreted through the weight of
the emerging markets index and the Banking index. However, we can
observe that the causality coefficient is decreasing.

The increase in FED policy rate (FEDR) beginning from 2021 and
the inflationary process of both the US and the EU economies explain
why FEDR may affect DAX stock market. This effect is due to the
ECB’s policy rate path following the FED in the policy interest rate
process. This follow-up still continues and shows itself in the EUR/
USD parity process.

Although the data for the 2019-2023 period show that the
macroeconomic variables of the US and the EU continue to interact,
central bank of Turkey monetary policy moved away from the
global financial system. Many of the causalities we observe in the
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2008-2010 period were disappeared in this period and only Turkey’s
own macrofinancial variables themselves, they continue their causality
with. This was due to the fact that the transaction volume of Turkish
Lira with US dollars in the London interbank market decreased from
3% to 0.5%. In rival developing countries, such as Brasil and South
Korea this level remains above 3%. The economic and political reason
for this is the government’s reaction to the exchange rate speculative
attack that repeated several times after 2018. The fear that it would
affect general elections and voting behavior led to the reduction of
Turkey’s financial openness. This is why the causality set is narrowing.
Since protectionism is not as prominent in global financial markets as
it is in the real economy, we did not observe this causality narrowing
in US and EU macrofinancial variables.

2. Literature Review

The method to be followed for this study involves several steps. First,
we will examine and explain the relevant economic and financial
theories. Next, we will research the main topics that have been
determined and selected. This research will be conducted in a way that
enables the evaluation of the subject. We will interpret the research
and analyses made in previous years (see Table 1) to fully evaluate the
main headings we are researching. Additionally, we will look at policy
practices that have developed and updated over time. The aim of the
study is to examine the effects of the current Central Banks. We will
also analyze the applications of existing Central Banks. Finally, we
will reach our conclusions by empirically analyzing the data we will
examine.

Although many different ways of measuring volatility (Engle
et.al.,2013:776-797) and causality have been mentioned in the literature
different opinions have been put forward as to which measurement
model is the best.
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The relationship between inflation and stock market returns is
controversial. Fama and Schwert (1977:115-146); Schwert G.W.
(1989:1115-1456); Geske and Roll (1983:1-33) and Fama et al.
(1989:23-49) found in their study that the relationship between
inflation and stock returns is negative. It has supported international
trade developments in studies carried out with developing stock
exchanges. In these stock markets, the cause and effect relationship
between macroeconomic data and stock returns is better understood.
In studies conducted on developing stock markets, the majority of
studies are conducted by countries using data from their own countries.

In their study, (You K. et al.2024:1-24) premises and undertakes a
comprehensive analysis on the impact of the international trade aspect
of the real economy on stock-market connectedness with both system-
wide and pairwise directional evidence. They captured both export and
import perspective between two economies in the latter analysis and
examined whether imports induce stronger stock market spillover than
exports. Consider a group of eleven economies: ASEAN 5 (Indonesia,
Malaysia, the Philippines, Singapore, and Thailand), Australia, Brazil,
China, Euro Area, Hong Kong (China), India, Japan, South Africa, UK
and the US for period 2000 M1-2021 M6.

In their study, (Aytiire S. and Keskin M.2024:345-355) analysed
the direction and degree of mutual impact of Tiirkiye’s exports and
imports on Borsa Istanbul. For this purpose, the relationship level
between the periods 2013:01-2023:12 was examined with Causality
and Cointegration tests in the BIST 100 index used in Borsa Istanbul,
and its code is XU100, in the context of the stocks that are among the
top hundred in terms of capital structure of Tiirkiye. It has been seen
that foreign purchases and sales in both the short and long term are
related to the BIST 100 performance and also cause the BIST 100
performance. However, it was determined that exports had a significant
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positive effect on BIST 100 performance in the short and long term,
while imports had a significant negative effect.

Sekula (2019:74-93) in his study; It examined the return rates of CAC
40, DAX 30, FTS 100, S&P 500, BUX (Budapest), PX (Prague), WIG
(Warsaw) stock market indices with 4925 data between 31.12.1997-
30.12.2016. Small stock markets have unstable economy, high risk
and high returns. This means a lower return rate in developed stock
exchanges such as Western Europe and the USA compared to the
Central European Stock Exchanges. Granger causality uses VAR and
Vector Error Correction (VECM) models. It is based on cointegration
and stationarity analyzes of time variables. The VAR model is used to
determine whether there is Granger causality in stationary variables.

Molnar A. and Csiszarik-Kocsir A. (2022; 205-227), in their study they
use the Johansen cointegration test; and assert that there exists a long-
run relationship between the BUX composite stock indexes and the
Hungarian GDP. From the ADL regression, based on the constructed
models, it was determined that past values of Hungarian stock prices
do in fact lead Hungarian economic growth, but they said this does
not mean that stock prices Granger cause the economy. The Granger
causality tests showed that there exists a causality between the BUX
composite stock indexes and the Hungarian GDP.

Baker S.R. et. al. (2020:1-22) in their study; The Covid-19 pandemic,
which spread from China’s Hubei province, has caused volatility
values to increase around the world. In the US, volatility levels in mid-
March 2020 were last seen in October 1987 and December 2008, and
before that in late 1929. It is difficult to explain the major stock market
movements in 2020 with disruptions in cross-border supply chains.
Since 1900, volatility from the coronavirus pandemic has peaked in an
unusual way in history.

117



Hali¢ Universitesi Sosyal Bilimler Dergisi 2024, 7/2: 111-141 Ozkaya , R.

In his study, Ozkaya and Altun (2024:1-14) found that the data except
the central bank interest rates had a positive slope. It was shown that
the kurtosis values of all data showed a sharp peak, and only the
credit default swap (CDS) data was found to be stationary. It has been
determined that the power over the volatility in the exchange rate is
the lagged volatility. In the GARCH model (Engle, 1987:251-276),
(Tsay,1987:590-604; 2002:81-110), testing the durable and long-
term effects of variance and shocks is interpreted as the sum of these
coefficients. A large sum of these coefficients indicates that large and
negative shocks that can be predicted in the future will have large
variance. It has been shown that exchange rate volatility is affected by
past volatility and shocks. In the study, it was said that macroeconomic
developments, politics and financial choices made by the government
were the reason for the chaotic behavior in the exchange rate in
Turkey. It has been said that these reasons increase the frequency of
central bank intervention (Bernanke, 2005:1057-1592). This situation
is observed by financial agents, and it is stated that the problem of
trust in Turkish assets causes an increase in the risk premium in the
global financial market and fluctuations in portfolios. Similarly, it has
been shown that local financial agents choose dollarization, causing
their savings in foreign currency to increase. It was stated that during
this period, foreign currency investment in banks increased to the
range of 60%-40% compared to Turkish Lira, and in developing
economies, financial agents invested in foreign currency to protect
their investments from financial loss, future fluctuations and high
inflation. It has been stated that during the Covid-19 pandemic crisis,
due to the expanding monetary and financial policies in the world,
there was an increase in inflation and fluctuations in prices, which was
seen in the decline in the VIX index and portfolio.
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2. Material and Method

The diversity of the selected data and the fact that the date range is
up-to-date add a different perspective to the literature. The economic
breaks caused by the uncertainty during the 2020 pandemic process
are examined within the scope of the interest and monetary policies
implemented by the selected central banks. We believe that this will
make a significant contribution to the existing literature.

The aim of the research is to affect the stock market and economic data
in line with the interest and monetary policies implemented by our
own country’s central bank and the world’s two other largest central
banks. In the study, data for the period 2019M1-2023M6 were used.
In the analysis phase of the study, firstly, descriptive statistics of the
existing data were determined and interpreted. Then, ADF (Dickey,
D. A. and Fuller, W. A. (1979:427-431),(1981:1057-1072)), PP and
KPSS unit-root tests were performed to determine whether the data
were stationary or not and whether they contained unit root. The non-
stationary ones were made stationary at the level and Granger Causality
tests (Granger, 1987:251-276) were performed on the variables. VAR
model was created.

In this part of the study, conceptual descriptions of the data, variables
and econometric methods used for empirical application are included.

Mathematical models can be grouped into four main groups. This
grouping is related to the certainty of the knowledge we have about
the concept we observe. Depending on the rationality of financial
market decision makers and economic agents, this information can
often become less certain. From this perspective, these models can
be considered as a test of the Efficient Market Hypothesis (Fama,
1970:383-417). Efficiency in financial markets depends on the
availability of information (Mishkin, 2013:612).
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As examples of hypotheses to be established for the models to be
created for time variables analysis can be tabulated as follows:
interaction between VIX and BIST 100 index, the effect between
the implemented monetary policies and the BIST 100 index, the
interaction of inflation rate and stock prices, the impact of policy rates
on stock prices, the reaction of stock prices to short-term interest rate
increases, the policy rate and financial asset prices. We can measure
the success of the applied interest policy in controlling the exchange
rate. Hypothesis testing is applied as given below:

“H,: Dollar/TL exchange rate is not the Granger cause for the CBRT
interest rate increase (CBR).

H : Dollar/TL exchange rate is the Granger cause for the CBRT interest
rate increase (CBR). The appropriate test statistic can be determined
by performing hypothesis testing.

Examining the long-term relationship between two variables can be
done with Granger causality analysis, and it can be determined whether
the dependent and independent variables affect each other. In order to
apply causality analysis, the variables must be stationary. Therefore,
stationarity tests of the variables to be used must be performed before
analysis (Granger and Newbold, 1977:687). A unit root test should
be performed to determine whether the variables are stationary or
not. Differentiation is also applied to make non-stationary variables
stationary.

The empirical study part of the study has been prepared with the
modeling and the statistical computer programs determined in Table
2 (Eviews 12, RStudio, Statal8) to be used according to the selected
modeling in the time variables analysis. The data examined in the
study are obtained from various databases. These are Republic of
Turkey Presidency Budget Directorate, Central Bank of the Republic
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of Turkey (CBRT), OECD database, ECB, investing.com, Bloomberg.
com, Finance.yahoo.com, Republic of Turkey Ministry of Treasury
& Finance, European Statistical Office (Eurostat), Turkey Statistics
Institution (TUIK), Borsa Istanbul (BIST), The Federal Reserve Bank
of St. Louis. It is obtained from St. Louis economic data and belongs
to the years 2019-2023.

Table 2. Classification of Mathematical Models

0.1. Linear Deterministic models 0.2. Nonlinear Deterministic models
2.1. Linear Stochastic models 2.2. Nonlinear Stochastic models

The analysis made with Eviews, Stata, The analysis made with R statistical
R statistical programs program

Table 3. List of variables used in time series analysis

Variables ~ Explication

Stock market index where 100 Turkish companies are

BIST100 traded

DAX German Stock exchange index

S&P500 Stock market index where 500 American companies
are traded

VIX Volatility index

USIOYR  USA 10 year treasury bond interest rate
GER10YR German 10 year treasury bond interest rate
TRI0YR  Turkish 10 year treasury bond interest rate
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Variables  Explication

Percentage change in European-27 consumer price

EUCPI index

USCPI Percentage change in US consumer price index
TRCPI Percentage change in Turkish consumer price index
CBR CBRT policy interest rates

FEDR FED policy interest rates

USDXY  Global index for the value of the US dollar

USDTR  Turkish lira to US dollar exchange rate

TLR Interest on Turkish lira bank deposits — average weight

USBR Interest on US bank deposits — average weight

Source: Author

2.1. Model Equation

In order to understand whether the obtained variables are suitable for
Granger Causality models: frist, Jarque-Bera values were examined
by looking at the skewness and kurtosis values in order to determine
whether the variables showed a normal distribution. Second,
correlogram analysis was performed to examine whether the variables
were affected by their past values. Appropriate lag lengths were selected
according to Akaike, Schwarz and Hannan Quinn information criteria
and Dickey-Fuller tests were applied to perform the stationarity tests,
and the non-stationary variables were made stationary by taking the
first differences.

VAR (p) Equation:

There are seven different variables in the econometric model established
in this study. To serve as a reference for the analysis to be carried out
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within the framework of the VAR model (Liitkepohl, 2005:112), the
equations of 7 different dependent variables must be established. In
this case, the equations are established as follows.

v
X,=a+ft+ Z T.X,,
i=1

+ s, where g~iid (0,X) (1)

Where x, is vector of interested variables. r, , i=1,...p denote the
coefficient matrix which should be estimated. It is stable if the
polynomial defined by

det (I — Tyz—T,z%..—T,z?) has no roots in and on the complex unit
circle.

In the regression model established above, the main purpose is to learn
the causalities for the volatility shock created by the pandemic crisis in
the USD/TRY exchange rate, BIST100, DAX, GER10YR, S&P500,
US10YR, USDTR, USDXY, VIX, TR10YR, EUCPI, USCPI, TRCPI,
FEDR, USBR, TLR, CBR.

This set of variables is grouped as stock markets, bond markets, money
markets and consumer price indices. In both the VAR model and
Granger causality analysis (Granger et al. 1987:251-276), the return
of stock market variables is employed as bond return, VIX return and
percentage change in CPI. In this sense, triggering parameters of both
global and local crises are given among the factors that will cause
volatility.

The VIX index, known as the implied volatility for S&P500 index,

is included in the model. In the pandemic crisis, USDXY, US dollar
against other strong currencies, is another index parameter likely to
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affect the volatility of USD/TRY. Inflation, which has been major
problem for all global central banks has been compared with the
inflation expectation of Turkish economy and it has been examined
whether this effect contributes to the exchange rate volatility. Finally,
the overnight reference interest rates, which are one of the most
effective policy-instrument of central banks and play an important role
in almost all crises, have been added to the model as a parameter.

The Table 4 reports summary statistics for the variables. ADF is the
t-statistics for the Augmented Dickey-Fuller test. PP is the #-statistics
for the Phillips-Perron test, KPSS test denote significance at the 5%
level respectively.

3. Empirical Results

2019-2023 Descriptive Statistics with Monthly Variables as shown
in Table 4; such as average, standard deviation, skewness, kurtosis,
Jarque Bera of monthly data for the years 2019-2023 were examined,
and according to the data in the table, the variable with the highest
average was seen as USCPI. When Jarque Bera values are examined,
it is seen that BIST100, US10YR, USDXY, TR10YR and EUCPI
variablesshow normal distribution, while all other data do not show
normal distribution. When looking at the Skewness values; DAX,
S&P500, USDXY, and FEDR variables were found to be negatively
skewed to the left, and when the kurtosis values were examined, it was
seen that the values of all variables were greater than 3 and showed a
leptokurtic distribution.

We have to test whether all the variables are stationary. The explanatory
variables imposed in the ADF, KPSS and PP models should be
stationary. If these variables are determined to be non-stationary, then
by implementing suitable methods such variables are transformed into
stationary behavior.
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Table.4 presents the stationary test results. The test is employed under
the Dickey-Fuller test method. Table.4 has 10 columns, first depicts
the variables name. The first seven columns stands for the value of
test statistics The eighth, ninth and tenth columns show threshold
values for desired significance levels. In the empirical literature, the
%S5 significance level is shown to be sufficient to accept or reject the
Ho hypothesis.

After that, stationary data is going to be estimated. As can be seen in
detail in the appendix section, the following procedures were examined
in order to observe the stationarity of each data used in the model:

The stationarity conditions of the variables are statistically tested by
Dickey-Fuller and Phillips Perron unit-root tests. The test methodology
is defined in detail in Appendix. The DAX, USDXY and TLR is
determined to have one unit root and is accepted to be non-stationary
variables. We take the first difference of the variables and eliminate
the unit root to obtain it in the stationary domain. The stationary states
of these variables should be included in the VAR model [Eq.1] to be
installed.

The presence of a significant constant term in the model indicates that
volatility cannot be zero even if the variables determined in this model
are assumed to be zero. This is evidence that some parameters not
considered in this model are also effective in the formation of volatility.
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The interest rate path and monetary policies followed in developed
and developing countries are implemented by central banks. Interest
rate and monetary policy implementations should be evaluated by
policy makers in order to control the functioning of the monetary
transmission mechanism in economies and to ensure price stability.
The channels through which monetary policies affect the transmission
mechanism are also revealed by Granger causality analysis. One of the
factors affecting the monetary transmission mechanism is the monetary
policy instruments chosen by central banks.(Mishkin, 2013:689).
In their monetary and interest rate policies, the major central banks
aim to achieve objectives such as stable prices (long-term inflation
has an upper bound %?2), financial stability, high employment, stable
exchange rates and high growth within the scope of the trilemma
theory and monetary transmission mechanisms (Kog, 2020: 383-
412). The realization of these objectives can be possible by analyzing
the reaction of the economy to these practices and impact analyses.
(Liitkepohl, 2004:89)

In order to examine the 2019 pandemic effect, data for the 2019-
2023 periods were separated at monthly frequencies and analyzed
in this way. In the study, Granger causality analysis was applied in
accordance with the VAR model [Eq.1]. Before applying causality
analysis, monthly variables were subjected to unit root analysis; ADF
and PP unit root tests were preferred and the stationarity hypothesis
was tested with the KPSS test.

As aresult of the tests, the difference of the non-stationary series were
taken and the analyzes continued in this way.

When the 2019-2023 data are analyzed within the scope of the global

Covid-19 pandemic, the result obtained is interpreted within the scope
of the narrowing of the causality cluster.
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According to the results of the series analysis for the 2019-2023
period; CBR has no causality relationship with BIST100 and USDTR,
USDXY has an effect on the USDTR exchange rate process, and there
is also causality between VIX and S&P500 and DAX. On the other
hand, the outsider gap in BIST100 gradually decreased after 2020 and
fell below 1%. Nevertheless, the persistence of the causality between
VIX and BIST100 in 2019-2023 can be interpreted with the weight of
the emerging markets index and the Banking index. However, we can
observe that the causality coefficient of this relationship has weakened
compared to previous studies.

Our analysis of the period from 2019 to 2023 has revealed several
important insights into the relationships between various financial
indicators and market indices.

Firstly, our study found that the CBR index does not have a causal
relationship with either the BIST100 index or the USDTR exchange
rate. This indicates that changes in CBR do not directly influence
these specific market variables. However, we did observe that the
USDXY index significantly affects the USDTR exchange rate process,
highlighting a clear linkage between the value of the U.S. dollar
relative to other currencies and the USDTR exchange rate.

Additionally, we identified a causal relationship between the VIX
index, which measures market volatility, and both the S&P 500
and DAX indices. This finding underscores the influence of market
uncertainty on major stock indices, with the VIX providing valuable
insights into how volatility can impact broader market performance.

Interestingly, our analysis of the BIST100 index revealed that the
outsider gap, or the difference between the BIST100 and other global
indices, gradually decreased after 2020 and eventually fell below 1%.
This trend suggests that the BIST100 index became more aligned

131



Hali¢ Universitesi Sosyal Bilimler Dergisi 2024, 7/2: 111-141 Ozkaya , R.

with global market movements over time, possibly due to improved
stability and integration of emerging markets into the global financial
system.

Despite this decrease in the outsider gap, the persistence of the causal
relationship between the VIX and BIST100 from 2019 to 2023 indicates
that market volatility continued to play a significant role in shaping
the BIST100 index. This ongoing influence can be attributed to the
weight of the emerging markets index and the Banking index within
the BIST100, which remain sensitive to global economic fluctuations
and investor sentiment.

In summary, our analysis highlights the complex interactions between
financial indicators and market indices during a transition period.
The evolving relationships and decreasing outsider gap reflect
broader trends in financial integration and market behavior, while the
persistent impact of the VIX on the BIST100 underscores the enduring
significance of volatility in emerging markets.

The increase in the FEDR starting from 2021 and the inflationary
processes in both the US and the EU explain the effect of the FEDR on
the DAX. This effect is due to the fact that the ECB follows the FED
in its policy rate process (lagged effect). This tracking is still ongoing
and 1s also reflected in the EUR/USD parity process.

The data for the period 2019-2023 shows that the macroeconomic
variables of the US and the EU continue to interact, and only Turkey’s
own macrofinancial variables continue to be causal among themselves.
This is due to a decline in the volume of transactions of the Turkish lira
with the US dollar in the London interbank market (SWAP) from 3%
to 0.5%. In rival emerging markets, this level remains above 3%. The
political economy reason for this was the government’s reaction to the
repeated currency attacks starting in August 2018. These attacks and
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exchange rate fluctuations were thought to have an impact on elections
and voting behavior, which led to a reduction in Turkey’s financial
openness. Since protectionism is not as prominent in global financial
markets as it is in the real economy, this explains the lack of causality
in US and EU macrofinancial variables. (Akbakay, 2018:1-13).

When we look at the results obtained, it is also determined that the
variables, which are correlated with Granger causality, react to each
other. Thus, it shows that by choosing one variable, information about
the other can be obtained. As a result, it shows how the interest and
monetary policies to be implemented can be directed with the existing
variables and which targets can be chosen. Granger causality test
results are included in the appendix section.

4. Conclusion

Our examination of the effects of interest rate changes by central banks
on the broader economy provides valuable insights into the dynamics
of credit markets, consumer behavior, and investment patterns.

In general terms, when central banks change interest rates, banks’
credit costs and conditions are affected; a decrease in interest rates
may lead to an increase in the credit supply of banks, allowing
consumers to obtain cheaper loans and borrow; and may increase
consumer spending, which in turn leads to an increase in production.
This interest rate path is driven by strong expectations that real interest
rates will remain low in the long run. Medium-sized firms, which can
increase their investments by relying more on bank loans, are also able
to attract high demand through public offerings during these periods.
Compared to large firms, the credit mechanism works differently for
these firms and may increase the demand for the stock market. At the
same time, low real interest rates will lead to low expected returns on
bonds. Thus, the demand for the stock market will strengthen, and
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stock prices will rise. Firms are expected to turn to investment. We can
say that the period between September 2021 and June 2023 in Turkey
is an example of this. This expansionary policy is also fueled by price
stickiness and the inflationary process.

Additionally, the interplay of variables, as evidenced by Granger
causality tests, indicates that changes in one economic variable can
provide insights into the behavior of others. This interrelationship
suggests that central banks and policymakers can use these correlations
to better guide their monetary policies and set effective targets.

In summary, our analysis underscores the complex mechanisms
through which interest rate adjustments impact the economy. Lower
interest rates can stimulate credit supply, boost consumer spending,
and encourage investment, particularly among medium-sized firms.
These dynamics, along with the observed correlations among key
economic variables, offer important guidance for formulating and
implementing effective monetary policies.

The findings reveal that the variables identified through Granger
Causality not only share a significant relationship but also react to one
another. This interdependence provides valuable insights into predicting
one variable based on the other. Therefore, the study demonstrates how
interest rates and monetary policies can be strategically adjusted using
the existing variables, and which objectives can be selected in line
with the trilemma hypothesis. This integration of variable responses
and policy guidance highlights a more refined approach to economic
forecasting and decision-making.
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5. Appendix

Granger Causality Tests Results

Hali¢ Universitesi Sosyal Bilimler Dergisi 2024, 7/2: 111-141

EUCPI DAX GER10YR LAG (1)

Variable Null hypothesis Variable ~ Prob. Results

EUCPI Does not Granger Cause  DAX 0,95  Does not Granger Cause
DAX Does not Granger Cause ~ EUCPI 0,30  Does not Granger Cause
EUCPI Does not Granger Cause  GERIOYR 0,07  Does not Granger Cause
GER10YR Does not Granger Cause EUCPI 0,05  Cause Granger
GER10YR  Does not Granger Cause = DAX 0,99  Does not Granger Cause
DAX Does not Granger Cause  GERIOYR 0,45  Does not Granger Cause
USCPI USDXY US10YR LAG(1)

Variable Null hypothesis Variable ~ Prob. Results

USCPI Does not Granger Cause  USDXY 0,18  Does not Granger Cause
USDXY Does not Granger Cause ~ USCPI 0,09 Does not Granger Cause
USCPI Does not Granger Cause  USI0YR 0,34  Does not Granger Cause
USI0OYR  Does not Granger Cause ~ USCPI 0,44 Does not Granger Cause
US10YR  Does not Granger Cause  USDXY 0,81  Does not Granger Cause
USDXY Does not Granger Cause  USI0YR 0,66  Does not Granger Cause
VIX BIST100 LAG(3)

Variable Null hypothesis Variable ~ Prob. Results

BIST100  Does not Granger Cause ~ VIX 0,5 Does not Granger Cause
VIX Does not Granger Cause  BIST100 0,12 Does not Granger Cause
VIX DAX LAG(2)

Variable Null hypothesis Variable ~ Prob. Results

VIX Does not Granger Cause DAX 0,23 Does not Granger Cause
DAX Does not Granger Cause ~ VIX 0,46 Does not Granger Cause
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TRCPI USDTR TR10YR LAG(3)

Variable Null hypothesis Variable ~ Prob. Results

USDTR Does not Granger Cause  TRCPI 0,07  Does not Granger Cause
TRCPI Does not Granger Cause USDTR 0,48  Does not Granger Cause
TR10YR Does not Granger Cause ~ TRCPI 0,65  Does not Granger Cause
TRCPI Does not Granger Cause  TRI0YR 0,75  Does not Granger Cause
TR10YR  Does not Granger Cause USDTR 0,21  Does not Granger Cause
USDTR Does not Granger Cause TR10YR 0,03  Cause Granger

VIX S&P500 LAG(2)

Variable Null hypothesis Variable ~ Prob. Results

VIX Does not Granger Cause ~ S&P500 0,18  Does not Granger Cause
S&P500 Does not Granger Cause ~ VIX 0,09  Does not Granger Cause
CBR TRCPI TLR LAG(2)

Variable Null hypothesis Variable ~ Prob. Results

TRCPI Does not Granger Cause  CBR 0,51  Does not Granger Cause
CBR Does not Granger Cause  TRCPI 0,4 Does not Granger Cause
TLR Does not Granger Cause  CBR 0,33 Does not Granger Cause
CBR Does not Granger Cause  TLR 0,27 Does not Granger Cause
TLR Does not Granger Cause TRCPI 0,02  Cause Granger

TRCPI Does not Granger Cause ~ TLR 0,14 Does not Granger Cause
CBR USBR USDTR LAG(2)

Variable Null hypothesis Variable ~ Prob. Results

USBR Does not Granger Cause CBR 0,63  Does not Granger Cause
CBR Does not Granger Cause USBR 0,0003 Cause Granger
USDTR Does not Granger Cause ~ CBR 0,37  Does not Granger Cause
CBR Does not Granger Cause USDTR 0,15  Does not Granger Cause
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USDTR Does not Granger Cause ~ USBR 0,06  Does not Granger Cause
USBR Does not Granger Cause USDTR 0,14  Does not Granger Cause
TLR CBR BIST100 LAG(2)

Variable Null hypothesis Variable ~ Prob. Results

CBR Does not Granger Cause ~ TLR 0,27  Does not Granger Cause
TLR Does not Granger Cause ~ CBR 0,33 Does not Granger Cause
BIST100  Does not Granger Cause ~ TLR 0,64  Does not Granger Cause
TLR Does not Granger Cause  BIST100 0,82  Does not Granger Cause
BIST100  Does not Granger Cause ~ CBR 0,23 Does not Granger Cause
CBR Does not Granger Cause  BIST100 0,63  Does not Granger Cause
FEDR US10YR USCPI LAG(1)

Variable Null hypothesis Variable ~ Prob. Results

US10YR  Does not Granger Cause FEDR 0,02  Cause Granger

FEDR Does not Granger Cause  USI0YR 0,91  Does not Granger Cause
USCPI Does not Granger Cause ~ FEDR 0,76 Does not Granger Cause
FEDR Does not Granger Cause ~ USCPI 0,78  Does not Granger Cause
USCPI Does not Granger Cause  USI0YR 0,34 Does not Granger Cause
US10YR  Does not Granger Cause ~ USCPI 0,44  Does not Granger Cause
FEDR GER10YR DAX LAG(4)

Variable Null hypothesis Variable ~ Prob. Results

GER10YR Does not Granger Cause FEDR 0,003 Cause Granger

FEDR Does not Granger Cause  GERI0YR 0,77  Does not Granger Cause
DAX Does not Granger Cause ~ FEDR 0,09 Does not Granger Cause
FEDR Does not Granger Cause DAX 0,01  Cause Granger

DAX Does not Granger Cause GERI10YR 0,43  Does not Granger Cause
GER10YR  Does not Granger Cause DAX 0,44  Does not Granger Cause
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FEDR VIX S&P500 LAG(2)

Variable Null hypothesis Variable ~ Prob. Results

VIX Does not Granger Cause ~ FEDR 0,08  Does not Granger Cause
FEDR Does not Granger Cause ~ VIX 0,67  Does not Granger Cause
S&P500 Does not Granger Cause  FEDR 0,28  Does not Granger Cause
FEDR Does not Granger Cause ~ S&P500 0,46 Does not Granger Cause
S&P500 Does not Granger Cause ~ VIX 0,09  Does not Granger Cause
VIX Does not Granger Cause ~ S&P500 0,18  Does not Granger Cause
TR10YR CBR TRCPI LAG(2)

Variable Null hypothesis Variable ~ Prob. Results

CBR Does not Granger Cause TRI0YR 0,46  Does not Granger Cause
TR10YR  Does not Granger Cause CBR 0,02  Cause Granger

TRCPI Does not Granger Cause TRI0YR 0,72 Does not Granger Cause
TR10YR Does not Granger Cause ~ TRCPI 0,71 Does not Granger Cause
TRCPI Does not Granger Cause  CBR 0,51  Does not Granger Cause
CBR Does not Granger Cause ~ TRCPI 0,46 Does not Granger Cause
CBR FEDR LAG(2)

Variable Null hypothesis Variable ~ Prob. Results

FEDR Does not Granger Cause CBR 0,94  Does not Granger Cause
CBR Does not Granger Cause ~ FEDR 0,9 Does not Granger Cause
TR10YR FEDR LAG(1)

Variable Null hypothesis Variable ~ Prob. Results

FEDR Does not Granger Cause TRIOYR 0,12 Does not Granger Cause
TRI0YR Does not Granger Cause  FEDR 0,23 Does not Granger Cause

Source: Author
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Abstract

This study examines the relationship between exchange rate, inflation, and M1
money supply in the Turkish economy using VAR modeling with data from January
2003 to May 2024. The cointegration test reveals that these variables move together
in the long run. Granger causality analysis indicates that, at the 1% significance
level, the M1 money supply affects both the exchange rate and inflation, while
inflation exhibits a one-way causality towards the exchange rate. According to the
variance decomposition results, the primary determinant of inflation in Turkey is the
fluctuations in the M1 money supply. The impulse response functions indicate that
inflation’s impact on the exchange rate lasts for eight periods, while its response to
the M1 money supply continues for ten periods. These findings demonstrate that
the dynamics of money supply and exchange rate play a critical role in influencing
inflation. Therefore, the management of exchange rate stability and money supply
should be prioritized in the design of macroeconomic policies

Key Words: Exchange Rate, Inflation, M1 Money Supply, VAR Model
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Déviz Kuru Oynakhgmin Enflasyon Oram Uzerindeki
Etkisi: Tirkiye’den Kanitlar

Oz

Bu caligma, Tiirkiye ekonomisinde doviz kuru, enflasyon ve M1 para arz1 arasindaki
iliskiyi Ocak 2003-Mayis 2024 donemi verileriyle VAR modeli cer¢evesinde
incelemektedir. Egbiitiinlesme testi, bu degiskenlerin uzun dénemde birlikte hareket
ettigini ortaya koymustur. Granger nedensellik analizi, %1 anlamlilik diizeyinde M1
para arzinin hem doviz kurunu hem de enflasyonu etkiledigini; ayrica enflasyonun
doviz kuru iizerinde tek yonlii bir nedensellige sahip oldugunu gostermistir.
Varyans ayristirma sonuglarina gore, Tiirkiye’de enflasyonun temel belirleyicisi
M1 para arzindaki dalgalanmalardir. Etki-tepki fonksiyonlari, enflasyonun
doviz kuruna etkisinin sekiz donem siirdiigiinii, M1 para arzina tepkisinin ise on
donem boyunca devam ettigini gostermektedir. Bu bulgular, para arzi ve doviz
kuru dinamiklerinin enflasyon {iizerinde kritik bir rol oynadigmi gostermektedir.
Dolayistyla, makroekonomik politikalarin tasariminda déviz kuru istikrar1 ve para
arzinin yonetimi oncelikli olarak ele alinmalidir.

Anahtar Kelimeler: Doviz Kuru, Enflasyon, M1 Para Arzi, VAR Modeli

1. Introduction

The relationship between inflation and exchange rates is a critical area
of study, particularly for emerging economies where exchange rate
fluctuations directly impact price stability and economic performance.
Since the 1970s, price volatility has posed significant challenges
globally, with developing economies especially vulnerable to
“imported inflation,” which undermines the effectiveness of domestic
policies. The persistent currency devaluations and rising inflation of
the 1980s further highlight the need for effective management of this
relationship (Madesha et al., 2013).

In import-dependent economies like Turkey, exchange rate movements
play a key role in shaping inflation dynamics. Currency depreciation
increases the cost of imported goods and production inputs, raising
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domestic prices through multiple channels: higher input costs,
increased uncertainty, and inflationary pressures in dollarized sectors
such as wages and rents (Alkan and Dagdir, 2020).

Exchange rates not only drive inflation but also affect trade
competitiveness. While depreciation raises import costs, it can enhance
export performance, suggesting that exchange rate adjustments may
serve as a policy tool under certain conditions. However, their broader
economic effects must be carefully evaluated (Aytekin et al., 2023).

In inflation-targeting regimes, understanding the exchange rate-
inflation relationship is essential. Forward-looking policies rely
on accurate assessments of exchange rate impacts, supported by
macroeconomic models and market indicators, to guide monetary
interventions (Dereli, 2018).

This study examines the impact of exchange rate volatility on inflation
in Turkey, using monthly data from January 2003 to May 2024. Given
Turkey’s open economy and reliance on imports, understanding
this relationship is crucial for ensuring price stability. The study is
structured as follows: the introduction outlines the research context,
followed by sections on the conceptual framework, literature review,
methodology, findings, and conclusions.

2. The Effect of Exchange Rate Volatility on Inflation

The exchange rate is the price of a country’s currency expressed in terms
of another country’s currency. It is a relative price that measures the
value of the domestic currency against the foreign currency. Generally,
the exchange rate between currency X and currency Y shows the
number of units of currency Y needed to purchase one unit of currency
X. For example, the exchange rate between Turkey and the United
Kingdom indicates the price of the pound in terms of Turkish lira (TL).
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Exchange rate volatility has a significant pass-through effect on price
inflation, particularly in developing countries. Developing countries
often play a crucial role in supply chains for advanced economies and
are dependent on these economies for the supply of capital goods and
certain consumer goods. Therefore, fluctuations in exchange rates can
directly impact costs and, consequently, price levels in these countries.
Exchange rate volatility can trigger inflationary pressures by increasing
import costs, which in turn can threaten overall economic stability.
Developing countries, being more vulnerable to such fluctuations,
find exchange rate stability to be crucial in their economic policies. A
depreciation of the local currency typically results in higher costs for
imported goods. This occurs because more local currency is needed
to purchase the same product. For example, if the local currency
depreciates against the dollar, a product that previously cost 100 local
units might now cost 120 or more local units. This increase in the cost
of imported goods raises local consumer prices and creates inflationary
pressures. Therefore, exchange rate stability is critical, especially for
economies that are heavily reliant on imports. Developing countries
often adjust their economies to align with the global framework shaped
by advanced economies. In contrast, advanced economies typically
use exchange rate policies to achieve economic expansion and control
inflation. These countries view devaluation as a part of their economic
growth strategies and adjust their exchange rate policies to achieve
these goals. Developing countries, on the other hand, often struggle
to adapt to the effects of such policies, leading to more complex and
gradual manifestations of exchange rate volatility impacts. These
differences can explain why the pass-through effects of exchange
rate changes occur at varying speeds and in different ways across
economies. (Gidigbi et al., 2018:22-23).

The relationship between exchange rates and inflation is explained
by the concept of exchange rate pass-through. This effect is defined
as the change in domestic import prices and export prices due to a
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one-unit change in the nominal exchange rate. In other words, it can be
described as the percentage change in the prices of imported goods in
terms of the local currency resulting from a specific percentage change
in exchange rates between countries engaged in international trade.
The indirect effect of exchange rates on prices occurs through exports.
A depreciation of the local currency makes domestic products more
competitive in international markets, which increases export demand
while making imports more expensive, thus reducing import demand.
Consequently, domestic demand shifts towards exported goods and
import-substituting products. This process can lead to an increase in
the prices of local goods. Additionally, rising costs of imported inputs
can increase the costs of exported goods, which in turn affects local
prices. As a result, fluctuations in exchange rates can influence local
prices through changes in aggregate demand. The theoretical basis of
the relationship between exchange rates and prices is based on the
law of one price. According to this law, in markets with free foreign
trade there is a single price for traded goods. Where this law is valid,
the relationship between the exchange rate and prices is perfectly
reflected. In this case, prices are determined by the currency of the
producer. However, for this to be the case, the goods produced in
different countries must be homogeneous and there must be no extra
factors such as transport costs. When a single price cannot be applied
for each good, that is, in cases that are not in accordance with the law,
incomplete reflection is experienced. In the short run, exchange rate
changes do not affect prices in the same way (Kaygisiz, 2018:118-119)

2.1. Inflation

Inflation is defined as a continuous increase in the general price level
of goods and services in an economy. It can be defined as a periodic or
continuous increase in the general price level. However, in order for
price increases to be considered inflationary, they must be widespread
and continuous throughout the economy. A price increase alone may not
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necessarily have an inflationary effect. Inflation can be classified into
two types: creeping inflation and hyperinflation. Creeping inflation is
characterized by a slow but steady increase in the general price level over
an extended period. In other words, it refers to a situation where price
increases continue at a moderate and stable rate over a long duration.
This type of inflation exhibits a gradual but consistent rise and tends to
worsen over time. This type of inflation can threaten economic stability
because its prolonged nature can lead to increased pressure on prices
and a reduction in the purchasing power of the public. Additionally,
the tendency of creeping inflation to worsen over time can complicate
economic planning and decision-making processes. This situation
may create economic uncertainty and a lack of confidence, affecting
investment and consumption decisions. Hyperinflation, also known
as runaway or galloping inflation, is characterized by monthly price
increases of 50% or more. This results in rapid and substantial price
hikes. Hyperinflation can lead to a swift depreciation of a country’s
currency and severely undermine public confidence in money. This
type of inflation threatens economic stability and can cause people’s
savings to erode quickly. Hyperinflation emerges when prices
increase at an extremely rapid rate, often in double or triple digits,
causing inflation rates to spiral out of control. Prices can escalate so
quickly that they tend to double almost daily. This scenario leads to a
collapse of the monetary system due to the continuous erosion of the
purchasing power of money. Unlike creeping inflation, hyperinflation
is typically short-lived but has devastating effects. The Consumer
Price Index (CPI) is used to measure the inflation rate, reflecting how
price changes affect the cost of living for consumers. Hyperinflation
can lead to economic and social chaos, rapidly devaluing the public’s
savings and incomes (Nuhu, 2021:28).

Macroeconomists commonly use two primary measures to evaluate

price levels: the Gross Domestic Product (GDP) deflator and the
Consumer Price Index (CPI). These indicators are crucial for
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understanding the magnitude and impact of inflation within an
economy. The GDP deflator, used to measure the general price level,
can be defined as follows:

Nominal GDP,

B = TRealcop, (D
The GDP deflator is a measure of the level of prices of all new,
domestically produced, final goods and services in an economy.
It reflects the ratio of nominal GDP to real GDP and captures the
average change in prices across the entire economy. The GDP deflator
provides the average price of final goods produced in the economy.
Since consumers are more concerned with the average price of the
goods they consume, macroeconomists also refer to another index, the
Consumer Price Index (CPI). The CPI is used to define the inflation
rate as the percentage increase in the Consumer Price Index over a one-
year period. In other words, the GDP deflator is an index that reflects
changes in the price levels of all final goods and services produced
within an economy. This index is calculated by dividing nominal
GDP (measured at current prices) by real GDP (measured at constant
prices), thus reflecting the general increase or decrease in prices over
time. The GDP deflator is an important indicator for analyzing broad
price movements within the economy. The persistence of increases in
the general price level can be either anticipated or unexpected. If the
increase is fully anticipated, all sectors and individuals in the economy
may be prepared and can take measures accordingly. In this case,
people and businesses can plan with the price increases in mind and
mitigate the adverse effects of inflation. However, unexpected inflation
creates uncertainty, complicating economic decisions and leading to
unforeseen costs. Inflation can be unexpected for the following three
possible reasons:
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v A general failure of the economy as a whole to forecast inflation
accurately, so that the actual inflation rate exceeds the expected
rate.

v" Some groups or individuals in the economy fail to forecast
inflation accurately and thus demand lower wage increases than
are actually necessary to maintain real wages.

v" Where some groups or individuals are not fully compensated even
if they correctly forecast inflation, e.g. if they are members of
weak trade unions or receive contractually fixed incomes

When inflation is not accurately predicted by groups or individuals
within the economy, redistributive effects occur this can result in
some individuals benefiting, while others suffer economically (Sesan,
2013:3).

2.1.1. Theories of Inflation.

Inflation literature had been widely discussed by theorists. Three main
types of inflation, namely demand-side inflation, cost-side inflation
and structural inflation are widely used in the literature.

2.1.2. Demand-Pull Inflation

Demand-pull inflation occurs when aggregate demand increases
at a rate faster than aggregate supply. This type of inflation arises
when total demand exceeds the total supply of goods and services.
It is often observed during periods of economic recovery when
unemployment rates are decreasing and the economy is growing.
An increase in aggregate demand can be driven by both monetary
and real factors. Monetary factors, such as an increase in the money
supply, are significant contributors to demand-pull inflation. When the
money supply grows faster than production, it can lead to inflationary
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pressures. Additionally, real factors contributing to inflation include
changes in taxes and government (public) spending. These factors
can stimulate aggregate demand, thereby contributing to demand-pull
inflation (Lado, 2015:35)

2.1.3. Cost-Push Inflation

Cost inflation is caused by increases in the cost of production, such
as increases in the prices of commodities such as oil and food or
increases in the cost of production caused by natural disasters. In such
periods, aggregate supply decreases and the general level of prices
rises as a result. Cost-push inflation is often triggered by trade unions
and monopolistic groups, such as firms operating in monopolistic or
oligopolistic markets. Strong labor unions usually raise wages, leading
to higher prices. Such price increases are referred to as wage-push
inflation. Additionally, when firms with monopoly power use their
market dominance to raise prices, it leads to an increase in the general
price level. This type of inflation is known as profit-push inflation.
Another type of cost-push inflation arises from supply shocks, known
as supply shock inflation. This occurs when a decrease in aggregate
supply leads to inflation, often associated with shortages in agricultural
products that drive up food prices and increases in the prices of key
industrial inputs. Such price increases can result from internal supply
constraints or international events that restrict the movement of trade
goods and cause supply shortages, such as wars (Lado, 2015:35)

2.1.4. Structural Inflation

Structural Inflation: Inflation caused by structural problems and
bottlenecks in the economy is called structural inflation. The main
causes of structural inflation are inelastic supply of agricultural
products, rapid population growth, incompatibility of demand structure
with production structure, continuous deficit in foreign trade balance,
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imbalance between factors of production, monopolistic tendencies,
market failures and institutional disorders (Biiyiikakin, 1995:20).

Structural inflation theories are based on the work of structural
economists, particularly contributions from Myrdal, Streeten, and
some Latin American economists. According to the structuralist
perspective, inflation in developing countries often arises as a natural
consequence of ambitious development programs and primarily
results from structural imbalances within these economies. Structural
imbalances in developing countries’ economies are as follows:

v Food scarcity: imbalance between food demand and supply.

v Input imbalance: shortage of capital and surplus labour, shortage
of fuel and oil,

v Foreign exchange bottlenecks: imbalances between exports and
imports and balance of payments deficits,

v' Infrastructure bottlenecks: inadequate supply of electricity,
transport and communications and telecommunications

v Social and political restrictions.

The greatest threat from inflation is the erosion of the purchasing
power of money. Inflation discourages investment, reduces the value
of savings and can lead to a fall in real wages. In addition, inflation
can have adverse effects on low-income segments of society and the
elderly. (Lado, 2015:36).

2.2. Exchange Rate
The exchange rate plays an important role in achieving the Central

Bank’s macroeconomic objectives. The exchange rate is one of the
monetary aggregates through which monetary policy is directed in
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order to achieve set policy objectives such as the ideal unemployment
rate, inflation rate and economic growth. At the same time, the exchange
rate is an intermediate policy variable through which monetary policy
is transmitted to the economy through its impact on the value of
domestic currency, domestic inflation (pass-through effect), external
sector, macroeconomic credibility, capital flows and financial stability
(Gidigbi et al, 2018:22).

The national currency is used by economic actors for making and
receiving payments within a country. However, in international
trade, residents of countries use foreign currencies. The exchange
rate facilitates the conversion of domestic currencies into foreign
currencies, and vice versa. It gains significance due to the cross-
border flows of goods, services, financial assets, and fund transfers.
The exchange rate is the price of one currency in terms of another,
representing the current market price at which a national currency
can be exchanged for another currency. It is typically expressed as
either the number of units of domestic currency needed to purchase
one unit of foreign currency or the number of units of foreign currency
obtained for one unit of domestic currency. For example, Lira per
United States (US) dollar (TL/USS$) or US dollar per TL (US$/TL). If
1 USD can be exchanged for 32,300, then one TL can be exchanged for
0.03096 USD. The exchange rate plays a critical role in an economy
because imports and exports constitute a large part of the economy.
Essentially, exchange rate changes affect the price of imported goods,
services and our exports. For example, when the value of a currency
like the Turkish Lira (TL) decreases, imported goods become more
expensive, which tends to reduce the volume of imports. At the same
time, other countries will pay less for some of the exported products,
which can increase export sales, foreign exchange earnings, and the
competitiveness of the country’s export industries in international
markets (URL1,2016).
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Economists argue that macroeconomic fundamentals play a crucial
role in determining exchange rates in the long run. It is believed that
the value of a country’s currency responds positively to fundamental
factors such as an increase in economic growth, improvements in the
trade balance, reductions in inflation rates, or increases in real interest
rates. A simple model for determining the long-term equilibrium
exchange rate is based on the Quantity Theory of Money. The domestic
version of this theory suggests that a one-time increase in the money
supply will result in a proportional increase in the domestic price level
in the short term. The international version posits that an increase in
the money supply will also be reflected proportionally in the exchange
rate (Sesan, 2013:3).

2.2.1. Foreign Exchange Rate Regimes

Foreign exchange rate regimes refer to the various systems through
which the value of a country’s currency is determined relative to other
currencies. The choice of exchange rate regime can significantly
impact a country’s economic stability, trade balance, and monetary
policy. The main types of foreign exchange rate regimes include:

2.2.1.1. Fixed Exchange Rate System

In a fixed exchange rate system, a country’s currency value is pegged
to another major currency or a basket of currencies. The central bank
or monetary authority intervenes in the foreign exchange market to
maintain the currency’s value within a narrow band around the peg.
This system aims to provide stability and predictability in international
trade and investment. For example, the Hong Kong dollar is pegged
to the U.S. dollar. In a fixed exchange rate system, the exchange rate
is determined by an authority such as the government or the Central
Bank, which limits transactions in the foreign exchange market. In
this system, the Central Bank must have sufficient gold and foreign
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exchange reserves to intervene in the market as a buyer and seller.
(Alkan and Dagdir,2020:271).

In a fixed exchange rate regime, the local currency is typically pegged
to widely used currencies such as the U.S. dollar, the Euro, or the British
pound or to a basket of currencies. In this system, the government or
the central bank acting on its behalf intervenes in the foreign exchange
market to maintain the exchange rate close to a predetermined target.
This intervention aims to ensure exchange rate stability. However, if the
exchange rate is fixed at an inappropriate level, it can jeopardize local
economic stability. The fixed exchange rate system has the advantages
of price stability, promoting international trade, reducing exchange
rate risk and the risk of creating speculative bubbles of the type that
raise the exchange rate (Labonte, 2004:9-11; Frankel, 2003:9-10).

The fixed exchange rate system provides less uncertainty and prevents
destabilizing fluctuations for international trade and investment. In
this system, destabilizing speculation is lower than in the flexible
exchange rate system. Due to the reduction in fluctuations in exchange
rate movements, lower interest rates are generally anticipated. A fixed
exchange rate system not only aids in maintaining price stability and
keeping inflation at low levels but also plays a supportive role in
preserving balance sheets and reserves. Consequently, proponents of
the fixed exchange rate system argue that it should be preferred as
an exchange rate regime that provides stability in economic policies
(Alkan and Dagidir, 2020:272).

2.2.1.2. Flexible Exchange Rate
In the floating exchange rate system, also known as the flexible
exchange rate system, exchange rates are determined by the supply

and demand in the market without government intervention. In this
system, unlike the fixed exchange rate system, there is no need to use
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foreign reserves in the medium term to ensure exchange rate stability;
external balance is achieved naturally. In this system, central banks
do not directly intervene, and the exchange rate is determined based
on supply and demand conditions. Flexible exchange rates are viewed
as a natural corrector of economic imbalances, as the exchange rate
can serve as an automatic stabilizer for external trade and balance
of payments. However, fluctuations in exchange rates based on free
capital movements can lead to economic uncertainty and speculation
(Alkan and Dagidir, 2020:271-272).

In a flexible exchange rate system, the currency’s value is determined
by market forces of supply and demand relative to other currencies,
without direct government or central bank intervention. The exchange
rate fluctuates freely based on economic conditions, trade balances, and
capital flows. For instance, the U.S. dollar and the Euro operate under
a floating exchange rate system. In other words, the currency’s value
is determined by market forces of supply and demand relative to other
currencies, without direct government or central bank intervention.
The exchange rate fluctuates freely based on economic conditions,
trade balances, and capital flows. For instance, the U.S. dollar and the
Euro operate under a floating exchange rate system. In countries with
a flexible exchange rate regime, central banks usually intervene in
the market to limit or minimize short-term exchange rate volatility by
buying or selling foreign currency against the local currency. Flexible
exchange rate regimes offer countries the advantage of an independent
monetary policy. Foreign exchange and other financial markets in
countries adopting a flexible exchange rate system should be deep
enough to absorb shocks without large exchange rate volatility. They
should also have effective financial instruments to hedge against the
potential risks of a flexible exchange rate (Stone et al, 2008:42).
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Figure 1 Flexible Exchange Rate System

Source, (Demir, 2007:19)

In the case where the demand and supply curves for foreign exchange
are labeled as D and S, respectively, the exchange rate is determined
at E0. At this price level, the supply and demand for foreign exchange
are equal. When the supply is held constant, an increase in demand
for foreign exchange due to factors such as a rise in imports will shift
the demand curve from D to D'. As a result, the exchange rate will
rise correspondingly to E1. Under an unlimited free floating exchange
rate system, since there would be no government intervention in the
foreign exchange market, the exchange rate can change instantly and
without being subject to a limit. At the point where excessive demand
for foreign exchange is eliminated, exchange rate equilibrium is
restored. In case of an increase in foreign exchange supply, the supply
curve will shift to the right in the form of S” and the exchange rate will
be E1'. A fall in the exchange rate would, on the one hand, increase
the demand for foreign exchange by encouraging imports and, on the
other hand, discourage exports and reduce foreign exchange revenues.
As a result, the exchange rate equilibrium is restored at EQ, where the
excess in foreign exchange supply is eliminated (Demir, 2007:19).
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3. Literature Review

The relationship between inflation and exchange rates holds
significant importance in both theoretical and empirical literature.
Advances in the field of econometrics enable more reliable analyses.
The findings obtained vary from country to country, depending on the
analysis methods used and the characteristics of the variables. Studies
examining the impact of exchange rate volatility on inflation in Turkey
and other countries are summarized in the table below.
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4. Data Set and Methodology

The study analyses the causality, cointegration and short-run
relationship between inflation, exchange rate and M1 money supply.
The aim of the study is to support the presumed relationship among
the variables examined with empirical findings. Therefore, the study
aims to investigate the impact of exchange rates and M1 money supply
on inflation by adopting a quantitative analysis technique and utilizing
the monthly logarithmic data of the variables examined. This study
employs empirical analysis and focuses solely on the three parameters
under examination. The parameters used in the study are the consumer
price index representing inflation, the nominal exchange rate, and the
M1 money supply. The following equation is the estimation equation
to be used in this study:

Inf, — oy 4 o Exe, 4oy M1, | g @)

In the equation, Inf; represents the consumer price index at time t, Exc.
represents the nominal exchange rate at time t and M1, represents the
M1 money supply at time t, & ; represents the error term at time t

In this study, the impact of exchange rate volatility on inflation in
Turkey had been analyzed within the framework of the VAR model.
The nominal dollar exchange rate had been used to represent the
exchange rate, while the consumer price index (CPI) is used to
represent inflation. Additionally, based on the approach that inflation
is caused by monetary factors, the money supply defined by M1 had
been used to indicate the impact of monetary policy.

In the study, the presumed relationship between the exchange rate
and inflation was modeled by using variance decomposition based
on the VAR model. The sources of shocks in the exchange rate and
money supply, which are considered to affect the general price level
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and the degree to which these variables influence each other, has been
analyzed using variance decomposition obtained from the VAR model.
The duration of the impact of these shocks had been analyzed using
impulse response functions. The study utilized the logarithmic values
of monthly data for a total of three variables inflation, exchange rate
and M1 money supply covering the period from January 2003 to May
2024. The monthly data for the analysis period, comprising a total of
257 observations, was obtained from the Central Bank of Turkey’s
Electronic Data Distribution System (EVDS).

In the study, unit roots of the time series had been examined using
the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests.
Causality relationships had been determined using the Granger
causality test. Additionally, cointegration and short-term relationships
within the VAR model framework had been evaluated using the
EViews 10 software package. The variables used in the study and their
sources had been shown in Table 2 below:

Table 2. Variables and Dataset Used in The Study

Symbol  Descriptions of Abbreviations  Analysis Period  Data Source

TUIK Price Index (Consumer)  January 2003-May

Inf (2003=100) 2024 TCMB
Nominal Exchange Rate (Buying January 2003-May

Exe Foreign Currency TL/$) 2024 TEMB
Money Supply Defined by M1 January 2003-May

Ml (Thousand TRY) 2024 TCMB

In this study, the logarithms of all variables were taken for analysis.
The money supply, defined as M1, was used in the study to emphasize
the role of money supply as an important cause of inflation. Besides,
nominal exchange rates were employed instead of real exchange
rates to better illustrate the exchange rate-inflation relationship. The
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Consumer Price Index (CPI) was used to represent inflation, aiming to
observe changes in other variables without delay.

The null and alternative hypotheses for the research are formulated as
follows.

H,: Exchange rate and M1 money supply have no statistically
significant effect on inflation in Turkey.

H,: Exchange rate and M1 money supply have a statistically significant
effect on inflation in Turkey.

4.1. VAR Model (Vector Autoregressive) Method)

The VAR model, developed by Sims (1980), had been designed to
model the relationships between variables without distinguishing
which variables are endogenous and which are exogenous. VAR
models are systems of equations in which each endogenous variable is
expressed as a function of its own lagged values as well as the lagged
values of all other variables in the system. In this model, all variables
are considered endogenous. The VAR model is typically used to
analyze the dynamic effects of changes in one variable on the other
variables in the system (Tiirk, 2016:94)

The VAR model allows all parameters to be predicted mutually and
consistently in a single model. For parameters to predict each other
effectively, there should be a meaningful relationship among them.
Therefore, in the VAR model, keeping the number of variables as
low as possible enhances the accuracy of forecasts. Otherwise, the
inclusion of an irrelevant variable in the VAR model leads to prediction
and forecasting errors. The VAR model, widely used in economic
time series analysis, distinguishes itself from other simultaneous
equation systems by its ability to model both endogenous and
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exogenous variables together without distinction. VAR models are
used primarily to analyze the relationships between macroeconomic
variables and the dynamic effects of random shocks on the system of
variables. VAR models are systems where each variable is linearly
related to its own lagged values and the lagged values of all other
variables in the system. In other words, it is a dynamic framework that
encompasses the relationships of each variable within the system with
its own past values and the past values of all other variables. In this
structure, without any restrictions, it means that the same variables
will appear on the right-hand side of each equation in the VAR model.
Additionally, in VAR models, including lagged values of dependent
variables allows for more robust predictions in the future (Monfared
and Akin, 2017:332-333).

In this context, the three-variable VAR model that we will use to
analyze the effect of exchange rate on inflation in Turkey can be
presented as follows.

Inf, = e+z!fi=1 B; Inf_, + z:ik=1'9i Exc._; "7251:1 @ M1+ py (3)
Exc, = O+ZiL, B; Inf_, + z:ik=1 B ExCej +E5o @ M1 + b (4)
M1, = 0+Z%, B; Inf_, + Ef;l B EXCej X521 @ M1, + 15, (5)

In the equations, 0 is the constant term, 3, ¢ and $ are the coefficients
to be estimated; i., #s and s, are the error terms.

In VAR models, the relationships between variables are examined
using Impulse-Response Functions based on Variance Decomposition
and Granger causality tests. VAR modeling is highly sensitive to the
choice of lag length. Therefore, in VAR analysis, the lag length of
variables included in the model should be chosen to accurately reflect
the dynamic relationships between variables.
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4.2. Descriptive Statistics

Before estimating the variables analyzed in the study, descriptive
statistics were first calculated in order to have information about the
general characteristics of the time series of the variables. The findings
obtained had been presented in Table 3 below.

Table 3. Descriptive Statistics

INF EXC M1
Mean 5.573238 1.083247 19.26164
Median 5.411244 0.670239 19.17961
Maximum 7.732742 3.474179 22.43092
Minimum 4551453 0.157377 16.48732
Std Deviation 0.747426 0.896014 1.483616
Skewness 1.003680 1.118902 0.290807
Kurtosis 3.500548 3.177937 2.427197
Jarque-Bera 4583211 53.96387 7.135799

Probability (0.0000000) (0.000000) (0.000000)
Observation 257 257 257

Table 3 illustrates that the performance of the variables measured by the
average return is higher for M1 money supply. In addition, M1 money
supply has a higher volatility than the other variables analyzed with a
value of 1.48 standard deviation, while the lowest standard deviation, i.e.
volatility, belongs to inflation with a value of 0.74 standard deviation. In
general, it can be said that the volatility of the variables is high. For all
variables, Jarque-Berra statistics probability values less than 0.05 means
that the time series do not show a normal distribution. Moreover, all
variables have positive skewness. However, money supply defined by
M1 has a lower skewness of 0.29 compared to the others. It is observed
that the kurtosis value is relatively lower in M1 money supply compared
to other variables. it can be said that the kurtosis values of the variables
in general are close to the accepted values.
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4.3. The Correlation Matrix Between Variables

The correlation matrix results for the variables analyzed in the study
are presented below in Table 4

Table 4. Correlation Matrix Results Between Variables

INF EXC M1
INF 1
EXC 0.97552386 1
M1 0.97620801 0.932823490 1

When the results of the correlation matrix in Table x are analyzed, it
is noteworthy that there is a very strong relationship of 0.97 between
the variables. This indicates that the variables affect each other
significantly in the short term.

5 Findings of the Study

In this section, the results of unit root, Granger causality, cointegration,
and VAR tests obtained through econometric techniques used in the
study had been presented.

5.1. Unit Root Test Results

In the study, the extended Dickey-Fuller (ADF) and Phillips-Perron
(PP) tests, which are commonly used unit root tests, were chosen to
examine whether the time series are stationary. These tests help to
determine whether the time series is stationary by evaluating whether
the time series contains a unit root. The hypotheses for these tests had
been formulated as follows:

HO: The time series contains a unit root.

H1: The time series does not contain a unit root.
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Table 5. Unit Root Test Results

Augmented Dickey Fuller (ADF)

With Constant With Constant & Trend Without Constant &
Trend
First First First
Level Difference Level Difference Level Difference
t-Statistic ~ t-Statistic ~ t-Statistic ~ t-Statistic ~ t-Statistic  t-Statistic
Prob Prob Prob Prob Prob Prob
Inf 4.9824 -3.2267 4.1704 -4.3070 2.9051 -1.5763
1.0000 0.0196 1.0000 0.0036 0.9992 0.1081
Exc 3.6098 -11.0445 -0.1914 -12.1435 5.1206 -7.2323
1.0000 0.0000 0.9930 0.0000 1.0000 0.0000
M1 0.8529 -18.9434 -0.4032 -18.9625 7.6359 -3.4613
0.9948 0.0000 0.9870 0.0000 1.0000 0.0006
Phillips Perron (PP)
With Constant With Constant & Trend Without Constant &
Trend
First First First
Level Difference Level Difference Level Difference
t-Statistic ~ t-Statistic ~ t-Statistic ~ t-Statistic  t-Statistic  t-Statistic
Prob Prob Prob Prob Prob Prob
Inf 6.5930 -7.2370 5.3876 -8.2893 6.2082 -5.1126
1.0000 0.0000 1.0000 0.0000 1.0000 0.0000
Exc 4.0762 -10.1602 -0.0421 -10.5824 6.0123 -9.9280
1.0000 0.0000 0.9956 0.0000 1.0000 0.0000
M1 0.7383 -18.7832 -0.6546 -18.8410 8.0143 -17.1543

1.0000 0.0000 0.9745 0.0000 1.0000 0.0000

When Table 5 is analyzed, it had been found that the exchange rate (Exc)
variable is stationary in the Phillips Perron (PP) test in the model with
constant & trend and does not contain unit root with its level value. The
other variables had been determined to have a unit root at their level values
and therefore were non-stationary. When the first order differences of the
time series were taken, it had been found that they became stationary at
1% significance level and became suitable for the test.
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5.2. Granger Causality Tests

In the study, the causal relationship between the variables was analyzed
using Granger causality tests based on monthly logarithmic data for
the variables under investigation. Granger causality test is used to
determine whether there is a causal relationship between time series
data. For example, if variable X is the Granger cause of Y, and variable
Y is the Granger cause of X, this implies that the future values of X can
help in predicting Y, and the future values of Y can help in predicting X.
The following equations represent the Granger Causality Regression
Test Formulas for a bidirectional relationship between variable X and

variable Y:
Y.=o+ E:J=1 P Yy +E?=1 a; Xe; + e, (6)
X, =0+ E:’=1 O x,_, + 2;1:1 6; Yioj+ & (7)

The Granger causality test is used to test the relationship between the
current value of the first parameter and the past values of the second
parameter. In this test, if the F-statistic is smaller than the critical
F-value, it indicates that there is no Granger causality between the
variables. In the study, the results of the Granger causality test had
been evaluated at a significance level of 5%. The findings from the
Granger causality test had been presented in Table 6 below.

Table 6. Granger Causality Tests Results

Null Hypothesis Observation F-Statistic Prob  Causality
EXC does not Granger Cause INF 955 0.32029  0.7262 No
INF does not Granger Cause EXC 22.6279  0.0000 Yes
M1 does not Granger Cause INF )55 19.6581 0.0000 Yes
INF does not Granger Cause M1 0.92917  0.3962 No
M1 does not Granger Cause EXC 955 22.7804  0.0000 Yes
EXC does not Granger Cause M1 0.81082  0.4457 No

178



Ugar, I.H. Hali¢ Universitesi Sosyal Bilimler Dergisi 2024, 7/2: 143-191

Table 6 indicates that there is a unidirectional causality relationship
from M1 money supply to both exchange rate and inflation, and from
inflation to exchange rate at 1% significance level. In this case, it can
be stated that M1 money supply is the important indicator to be taken
into account for inflation.

5.3. Cointegration Test

The main focus of this study is to analyze how inflation reacts to
changes in the exchange rate and M1 money supply in the long run.
Hence, co-integration test had been used to determine the relationship
or long-run equilibrium between the variables. In this study, the
Johansen procedure had also been applied to determine the long-
term coefficients of the model Table 7 presents the results of the
cointegration test. The results indicate that both the maximum-Eigen
statistic and the trace statistic are significant at the 5% level among
the three variables in the Turkish economy. This implies that there is a
long-term equilibrium relationship between the variables.

Table 7. Cointegration Test Results

Null Max-Eigen Critical value  Trace  Critical value Prob
hypothesis  Statistic ~ (Eigen) at 5%  Statistic (Trace) at 5%

=0* 44.97241 21.13162 81.12669 29.79707 0.0000

r<1* 29.60323 14.26460 36.15428 15.49471 0.0000

r<2* 6.551053 3.841466 6.551053 3.841466 0.0105

When the table is analyzed according to the null hypothesis, the value
of the trace statistic is 81.12669, which is above the critical value of
29.7971 at 5% significance level. This result indicates that there is
a long-term relationship between the variables in this model at 5%
significance level. The results for the maximum Eigen statistic indicate
that there is a long-term relationship between the variables since
the maximum Eigen statistic is 44.97241, which is higher than the
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critical value of 21.1316 at 5% significance level. When the Trace and
Maximum Eigenvalue statistics are compared to the critical values, the
null hypothesis stating that there is no cointegrated vector between the
variables had been rejected at 5% significance level. In other words,
since the test statistics estimated for the variables are higher than the
critical values at 5% significance level, the null hypothesis that there
is no cointegration between the variables is rejected. Hence, it had
been determined that the variables are cointegrated in the long run. A
significant cointegration relationship between the variables means that
the variables do not move independently of each other in the long run.

5.4. VAR Analysis Results

The VAR model has been extensively used in applied econometrics,
particularly in macroeconomics and finance research, following Sims’
(1980) pioneering work. The VAR model is a simple multivariate time
series forecasting model based on the lagged values of all variables
included in the model. Additionally, all variables in this model are
defined as endogenous (Selim and Giiven, 2014:138). In this section
of the study, the results obtained from the VAR model had been
presented.

5.4.1.VAR Model Lag Length Determination

In order to accurately forecast a VAR analysis, it is essential to first
determine the appropriate lag lengths. For these lag lengths to be
correctly identified, it is crucial that the series are stationary. The
LR, FPE, AIC, SC, and HQ information criteria are methods used to
determine lag lengths in VAR analysis. The results of these criteria
for determining the appropriate lag length had been presented in the
following Table 8
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Table 8. VAR Lag Order Selection Criteria

Lag logL LR FPE AIC SC HQ

1515.330 NA 1.06e-09 -12.14723  -12.10485 -12.13017
1625.883  217.5551 4.71e-10  -12.96292  -12.79340  -12.89468
1654.332 55.29858 4.03e-10 -13.11914 -12.82248* -12.99973*
1667.705 25.67115 3.89e-10* -13.15426  -12.73047 -12.98367
1672.780 9.619839 4.0le-10 -13.12273  -12.57180 -12.90097
1685.735 24.24589* 3.89¢-10 -13.15450*% -12.47644 -12.88157
1690.280 8.395446 4.03e-10 -13.11871 -12.31351  -12.79461
1699.346 16.53106 4.03e-10  13.11925  -12.18691 -12.74397
1704.279 8.875102  4.17e-10  13.08658  -12.02711 -12.66012

0 N NN B W= O

Note: LR denotes Lagrange Criterion, AIC denotes Akaike Information
Criterion, FPE denotes Final Prediction Error Criterion, SC denotes
Schwarz Criterion, and HQ denotes Hannan-Quinn Criterion. *
Indicates the optimal lag length according to the criterion at a 5%
significance level.

The lag length with the highest number of asterisks (*) is considered
as the optimum lag length.

However, in case of autocorrelation problem in the VAR model
estimated with this lag length, one of the later lag lengths should be
selected (Kaygis1z,2018:128).

According to Table 8, based on information criteria, the 2nd, 3rd,
and 5th lags were deemed appropriate, and autocorrelation tests
were conducted accordingly. Test results indicated the presence of
autocorrelation issues at the 2nd and 3rd lags. Consequently, it was
decided to estimate the VAR model with a 5-lag structure (VAR (5)).
The results of the relevant autocorrelation analysis had been shown in
Table 9 below.
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Table 9. Autocorrelation Table

Lag Lenght LM Test Statistic Probability

1 19.52689 0.0290
2 18.26875 0.0422
3 14.07048 0.1198
4 8.611604 0.4739
5 8.949297 0.4420
6 4.211963 0.8969

Figure 2. Inverse Roots of AR Characteristic Polynomial

As can be understood from Table 9, the characteristic roots of the model
estimated as VAR (5) are within the unit circle. This indicates that the
model is stationary and stable. Besides, the results of the White test for
heteroscedasticity in the model are as follows: the Chi-square value
is 882.2748 with 810 degrees of freedom, and the obtained p-value is
0.0391. Therefore, it can be stated that there is no heteroscedasticity
issue at the 1% significance level. Additionally, the test statistic of
the Jarque-Bera normality test is estimated to be 141.19003 with 6
degrees of freedom, and the calculated p-value is 0.00000. Since the
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p-value of the Jarque-Bera normality test is less than 0.05, it indicates
that the series do not follow a normal distribution. In time series
analyses, autocorrelation issues are generally more prominent, whereas
heteroscedasticity problems are more significant in cross-sectional
analyses. Since this study involves time series data, a 1% significance
level had been considered sufficient for the heteroscedasticity test
result.

5.4.2. Variance Decomposition

Variance decomposition is a commonly used statistical method for
understanding complex structures within a wide range of variables.
This method aims to explain the impact of one variable on others
and trace its origins by analyzing relationships among internal
variables. Variance decomposition analysis examines the causes
of variations in the variance of a variable. In this way, it can be
determined how much of the changes in a variable are due to its own
internal factors and how much are due to other variables. In other
words, the variance decomposition table shows how the forecast
error variance of each variable is influenced by shocks to other
variables in the system as well as by its own shocks. Fundamentally,
variance decomposition is used to understand differences between
variables and examine how internal factors respond to external
influences (Akkaya, 2021: 213).

Using this method, the sources of changes in a variable can be identified.
The variance decomposition results obtained from the estimated VAR
model are presented in Table 10 below.
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Table 10. Variance Decomposition of INF

Variance Decomposition of INF

Period S.E INF EXC M1
1 0.011671 100.0000 0.000000 0.000000
2 0.014739 92.19168 0.611728 7.196592
3 0.015139 90.38608 0.592578 9.021341
4 0.015394 90.57657 0.592827 8.830608
5 0.015675 88.13388 0.571983 11.29414
6 0.016043 86.03074 1.241925 12.72734
7 0.016529 86.14559 1.422014 12.43240
8 0.016860 85.66145 1.392867 12.94569
9 0.017035 85.27001 1.466402 13.26359
10 0.017172 85.04621 1.488418 13.46537

Note: The variance decomposition results were obtained using Cholesky decomposition.

The primary source of variance for all variables is their own internal
shocks. Accordingly, in the medium and long term, M1 money supply
is the most significant factor in forecasting inflation variance errors.
As seen in Table 10, a substantial portion of inflation variations
stem from M1 money supply. Table 10 illustrates the sources of
deviations in inflation. In variance decomposition, shocks are applied
to variables, and subsequently, it is determined which independent
variables influence the dependent variable more. The Table shows that
the deviation in inflation at the end of 10 periods is mostly caused
by itself with 85.04, followed by M1 money supply with 13.46 and
exchange rate with 1.48. According to this result, it is understood that
the main cause of inflation in Turkey is the changes in M1 money
supply. Therefore, the impact of M1 money supply on inflation appears
to be significantly higher compared to the exchange rate. Based on this
situation, it can be said that M1 money supply should be considered
as an important policy variable to explain the causes of inflation in
Turkey and to control inflation.
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5.4.3. Impulse Response Analysis

In this section of the study, graphs illustrating the response of inflation
to a standard error shock in exchange rates and M1 money supply had
been presented. Monte Carlo simulation techniques were employed to
derive the standard errors. Impulse-response analysis is a frequently
used method for interpreting coefficients in VAR models. This
methodology is used to understand how and to what extent variables
respond when exposed to error terms in a VAR model. In the study
analyzing the relationship between exchange rate and inflation in
Turkey, the impulse-response functions obtained by using a trivariate
VAR model had been presented in Figure 3 for a ten-period time
horizon.

Figure 3: Response to INF to EXC Innovation Using Cholesky
(d.f.adjusted) Factors
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Note: The vertical axis represents the change in the response to a 1%
exchange rate shock. The horizontal axis represents the time period (1
to 10 periods). The red dotted line represents the two standard error
confidence bands around the prediction.

Figure 3 illustrates that changes in inflation vary across periods
following a shock to the exchange rate. Following the exchange
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rate shock, inflation shows a rapid increase until the second period.
Between the second and third periods, a significant decline in inflation
is observed, followed by a mildly fluctuating trend from the third to
the fifth period. A sharp decrease in inflation occurs between the fifth
and sixth periods, while an upward trend is seen from the sixth to the
eighth periods. After the eighth period, inflation appears to follow a
slightly fluctuating trend. Thus, the graph indicates that the response
of inflation to the exchange rate shock lasts for eight periods and ends
by the eighth period.

Figure 4. Response of INF to M1 Innovation Using Cholesky (d.f.adjusted)
Factors
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Note: The vertical axis represents the change in the response to a 1%
exchange rate shock. The horizontal axis represents the time period (1
to 10 periods). The red dotted line represents the two standard error
confidence bands around the prediction.

Figure 4 indicates that when a shock is applied to the M1 variable,
inflation initially responds positively, rising rapidly until the second
period. Following the second period, inflation declines sharply,
reaching its lowest point by the fourth period. A decreasing trend
in inflation is observed between the fifth and seventh periods, after
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which it exhibits a mildly fluctuating pattern. In the inflation impulse
response graph, it is observed that inflation’s response to the Ml
money supply persists for ten periods, exhibiting a slightly increasing
and decreasing trend after the seventh period.

6. Conclusion

In countries like Turkey, a significant portion of raw materials and
intermediate goods used in the manufacturing industry are imported.
An increase in the exchange rate leads to a depreciation of the Turkish
Lira against foreign currencies, thereby raising import costs. This rise
in costs is directly reflected in consumer prices. Since energy prices
are particularly tied to foreign currencies, an increase in the exchange
rate triggers inflation and drives up the prices of essential consumer
goods. Additionally, exchange rate fluctuations create economic
uncertainty, which undermines consumer and investor confidence.
This lack of confidence prompts firms to pass on cost increases to
their prices more rapidly. This study empirically analyzes the effects
of changes in the exchange rate and M1 money supply on the general
price level in Turkey over the period from January 2003 to May 2024.
The cointegration test results indicate that the variables move together
in the long run. The Granger Causality test has identified the impacts
of M1 money supply on both the exchange rate and inflation. These
findings suggest that the M1 money supply is a significant determinant
of inflation. According to the results obtained from the VAR model,
variance decomposition analysis shows that, at the end of 10 periods,
85.04% of the deviation in inflation is explained by inflation itself,
13.46% by the M1 money supply, and 1.48% by the exchange rate.
These findings indicate that the primary driver of inflation in Turkey
is changes in the M1 money supply. The impulse response functions
reveal that inflation’s response to the exchange rate lasts for eight
periods, while its response to the M1 money supply continues for ten
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periods. Thus, it is concluded that both the exchange rate and the M1
money supply have a significant impact on inflation.

This study adds an original case study to the literature by empirically
examining the relationship between exchange rate volatility and
inflation in a developing economy such as Turkey. Given the distinct
macroeconomic dynamics of developing countries, this research can
fill a gap in the literature by providing regional and country-specific
insights that go beyond the findings derived from developed nations.
In this study, the interaction between the exchange rate and inflation
is examined in the context of money supply, contributing to the
literature by illustrating how these factors work together. The impact
of monetary indicators, such as the M1 money supply, on inflation,
especially when analyzed alongside exchange rate volatility, is believed
to provide policymakers and economists with a more comprehensive
macroeconomic framework. The study also illustrates how exchange
rate volatility and changes in the money supply affect inflation in the
context of Turkey, providing significant strategic insights for central
banks and policymakers. By adding concrete results regarding the
impact of exchange rate policies on inflation targeting to the literature,
it is anticipated that this research will contribute to the policy-making
process.
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Oz

Elektroensefalografi (EEG) tabanli duygu tanima, biligsel bilimler ve insan-
bilgisayar etkilesimi alanlarinda giderek artan bir ilgi goérmektedir. Bu ilgi,
ozellikle beyin dalgalarini analiz ederek insan duygularini anlama ve yorumlama
potansiyelinden kaynaklanmaktadir. Farkli duygusal uyaranlar karsisinda beyin
aktivitesinde birtakim degisiklikler olmakta ve bu degisikler EEG kayitlarinda
gozlemlenebilmektedir. Makine 6grenme teknikleri ise farkli duygusal durumlar
karsisinda beyin aktivitesine yansiyan bu degisimlerin yiiksek dogrulukta
siniflandirilmasina olanak tanimaktadir. Son yillarda, bu alanda yapilan akademik
¢aligmalarin sayisinda biiyiik bir artis olmus ve bu da EEG tabanli duygu tanima
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tekniklerinin gelistirilmesi i¢in genig bir literatiir birikimi olusturmustur. Bu
¢aligma, makine 6grenme yontemleri kullanilarak EEG tabanli duygu tanima
caligmalariin bibliyometrik analizini sunmayr amaclamaktadir. Analiz, bu
alandaki yayin trendlerini, arastirma aglarini, anahtar kelimeleri ve en etkili
caligmalar1 ortaya koyarak, alanin mevcut durumunu ve gelecekteki potansiyel
yonlerini degerlendirecektir. Ayrica EEG ve makine dgrenmesi teknolojilerinin
duygu tanima uygulamalarindaki roliinii derinlemesine incelemeyi ve bu alandaki
akademik katkilar1 haritalamay1 hedeflemektedir.

Anahtar Kelimeler: EEG, Makine Ogrenmesi, Bibliyometri, Duygu Analizi

Bibliometric Analysis on EEG-Based Emotion
Classification Research Using Machine Learning

Abstract

AnincreasinginteresthasbeenobservedinthefieldsofElectroencephalography(EEG)-
based emotion recognition, cognitive sciences, and human-computer interaction. This
interest primarily arises from the potential to understand and interpret human emotions
by analyzing brain waves. EEG can accurately record emotional responses, and when
combined with machine learning techniques, it enables the precise classification of
emotional states. In recent years, there has been a significant increase in academic
research within this domain, leading to a substantial accumulation of literature aimed
at understanding and developing EEG-based emotion recognition techniques. This
study aims to present a bibliometric analysis of machine learning methods in EEG-
based emotion recognition. The analysis aims to clarify publication trends, research
networks, key terms, and influential studies, thereby assessing the present status
and potential future trajectories of the field. This endeavor aims to comprehensively
explore the role of EEG and machine learning technologies in emotion recognition
applications and chart the academic contributions in this domain.

Keywords: EEG, Machine Learning, Bibliometri, Emotion Recognition

1. Giris

Duygular, ¢esitli disuyaranlar sonucu ortaya ¢ikan 6znel psikofizyolojik
tepkilerdir ve gilinliik hayatimizi 6nemli o6lgiide etkilemektedir.
Insanlar duygularini gesitli yollarla ifade eder; jestler, beden dili, ses
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tonu ve fizyolojik isaretler bu ifade sekilleri arasindadir. Duygular
karar verme ve algi gibi yetenekleri sekillendirme konusunda 6nemli
rol oynamaktadir. Bu nedenle, duygulari anlamak ve tanimlamak,
insan davranisi lizerine yapilan ¢alismalarin temel bir pargasi haline
gelmistir.

Son yillarda, makine 6grenmesi (ML) ve bilgi flizyonundaki hizli
gelismeler, makinelere/ bilgisayarlara duygu anlama, tanima ve analiz
etme yetenegi kazandirmayr miimkiin kilmistir (Zhang ve Yin, 2020:
103-126). Fizyolojik sinyaller, duygular1 tanimada daha objektif ve
giivenilir bilgiler sunar ¢ilinkii bu sinyaller, insanlarin kontrolii disinda
gerceklesir. Ozellikle EEG beyin dalgalarini dlgen bir teknik olarak,
duygusal tepkileri algilamada son derece hassas bir yontemdir (Xie,
Luo, Wang ve Liu, 2024: 1-3). EEG sinyalleri, duygusal durum
dalgalanmalarina daha hassas ve gercek zamanl tepki verdiginden,
duygusal durumlarin 6nemli 6zelliklerini sunabilir. Bu nedenle, son
zamanlarda ¢esitli EEG tabanli duygu tanima teknikleri gelistirilmistir.

Bibliyometri, bilimsel yayinlar ve bunlarin iliskilerini inceleyen
istatistiksel ve sayisal analiz yontemidir (Al, Sezen ve Soydal, 2012:
54-57). Bualanda aragtirmacilar, kitaplar, makaleler ve diger yayinlarin
sayisini, tiirlerini ve alint1 yapma sikliklarini analiz ederek belirli bir
alanin ya da yazarin bilimsel iiretkenligini, etkisini ve is birligi aglarim
degerlendirebilirler. Bibliyometri, bilimsel ¢alismalarin performansini
Olemek, arastirma trendlerini belirlemek ve is birligi modellerini
anlamak i¢in yaygin olarak kullanilir. Bibliyometrik yontemler,
yazarlarin, dergilerin, {iilkelerin ve enstitlilerin performansini ve
arastirma modellerini degerlendirmenin yani sira aralarindaki is birligi
modellerini tanimlamak ve 6l¢gmek i¢in de kullanilabilir (L1 and Zhao,
2015: 158-166).
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2. Materyal ve Metot

Bu calismada yontem olarak bibliyografik analiz kullanilmistir. Web
of Science (WoS), diinya ¢apinda dnde gelen bilimsel atif ve analiz
platformlarindan biridir ve bilimsel yayinlarin analizinde en yaygin
kullanilan platformdur (Yang vd, 2013: 133-146). Hem genis caph
bilimsel islevleri destekleyen bir aragtirma araci olarak, hem de
bliyiik Olgekli yogun c¢alismalar i¢in kapsamli bir veri seti olarak
hizmet vermektedir. Cesitli bilgi alanlarinda detayli aragtirmalar
yapilmasina olanak taniyan WoS, akademik c¢aligmalarin dogruluk
ve derinligini artirarak bilim insanlarina ve arastirmacilara degerli i¢
goriiler sunar. (Li, Rollins ve Yan, 2018: 1-20). Clarivate Analytics
tarafindan tiretilen Web of Science veritabani lizerinden verilere erisim
saglanmistir. “10.05.2024” tarihinde “machine learning” ve “eeg
emotion recognition” kelimeleri ile yapilan aramaya gore toplam 660
adet yayina erisilmistir. SCI ve SSC-I indeksli yayinlar filtrelendiginde
448 adet yayina erigilmistir. Verilerin analizi i¢in VOSviewer v1.6.20
uygulamasi kullanilarak ¢esitli alanlarda analiz elde edilmistir.
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Web of Science veritabanina
erizilmasi

"eeg emotion recognition” ve
“machine learning” kelimeleri ile
arama yapilmasi
(n=660)

SCl ve SCI-E indekslerinin
filtrelenmesi

Arastirmaya dahil edilen

yayinlara ulasiimasi
(n=448)

Sekil 1. Yayinlarin Secilmesinde izlenen Prosediir.
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3. Bulgular
3.1. Yayin Y1l Analizi

Sekil 2’ de yil bazinda yaymlarin artis1 analiz edilmistir. “Makine
Yontemi ile Duygu EEG Sinyallerinin Belirlenmesi” konulu
aragtirmalara iligkin 2009 yilinda 1 adet yayin gorilmustiir. 2018
yilindan itibaren konuya ilginin artmis oldugu ve son yillarda kriterlere
uyan 100 {in {izerinde yayinin oldugu gézlemlenmistir.

Sekil 2. Y1l Bazinda Yayinlarin Artig Grafigi.

3.2. Kategori Analizi

Yapilan aramaya gore 448 adet yayma ulasilmistir. Tablo 1’ de
yaymlarin ilk bes kategorisine yer verilmistir. Ulasilan yayinlarin
ylzdesel c¢ogunlugunun miihendislik alani kategorilerinde oldugu
gorilmustiir.
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Tablo 1. Aragtirmaya Dahil Olan Yaymlarin Kategorileri.

Kategori Kayit Sayis1  Yiizde (%)
Elektrik Elektronik Miihendisligi 134 29.9
Yapay Zeka Miihendisligi 100 22.3
Norobilim 90 20.1
Bilgisayar ve Bilgi Sistemleri Bilimi 84 18.7
Biyomedikal Miidendisligi 60 13.4

3.3. Yazar Atif Analizi

Yazarlarin atiflarina goére analiz yapildiginda minimum dokiiman
sayisi 1 ve atif sayisi 1 segilerek haritalandirma yapilmistir. Buna gore
188 yazara ulagilmistir. Sekil 3 te goriildiigii tizere en fazla atif yapilan
yazarlar Kong Wanzeng, Bao-Liang Lu, Zheng Wei-Long, Zhu Jia-yi,
Ma Yuliang, Gao Yunyuan olarak goriilmektedir.
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ali, abdélmgeid a
L 4

Sekil 3. Yazar Atif Haritasi.
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Yazarlarin yillara gore haritasina bakildiginda ise Sekil 4’ te goriilecegi
tizere sar1 renkli yazarlarin 2022 yilindan itibaren atif sayilart artmigtir.
Ma Yuliang, Gao Yunyuan, Kamble Kranti, Ali Abdelmgeid gibi
yazarlarin son yillarda atif sayilarinin arttig1 gérilmiistiir.

kamble, kranti

e

/’/Hé}nandez, daniel e.. SN magiliang
korﬁkwa,.@ . e = /gao, Elj’uaﬂ
s S - ,
AN \\d ayev, didar —

/7/ . , sanghyun=—
= 0, Sanghyun—
al zou.‘a# i X

Lealfez S~ B\
xuaﬂgmin \V/chebgng

chang, hongli =i

acharya, u. rajendra
ali, abdélmgeid a

2019 2020 2021 2022 2023

Sekil 4. Yazar Atif Zaman Haritasi.
3.4. Ortak Yazarhk Analizi
Yazarlarin ortakliklarina gore en fazla is birligi yapan yazarlar tespit
edilmistir. Minimum atif yapilan yazar 1 ve minimum atif yapilan

dokiiman 1 segilerek ilerlendiginde 6 farkli kiimede toplam 26 yazara
ulagilmis ve Sekil 5’ te gosterilmistir.
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liu, dongjun
jin, xuanyu
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zhang, yikai
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i, menghangdiu, min
Sekil 5. Yazarlarin Ortak Yazarlik Zaman Haritasi.
3.5. Ulke Analizi

Ulkelerdeki calismalari incelemek iizere minimum dokiiman sayist

1 ve atif sayis1 1 olacak sekilde haritalandirma yapilmistir. 25 adet
iilkeden 22’ si bu kriterleri saglamisti. Duygu EEG sinyallerinin

makine 6grenme yontemi ile siniflandirilmasina iliskin olarak Cin’

in biiylik bir alan kapladigr ve bu konu iizerinde diger iilkelere
baskin sekilde yayinlar yaptig1 goriilmektedir. Bu durum Sekil 6’ da
haritalandirilmigtir. Sekil 7° deki zaman haritasinda goriildiigi {izere,
son yillarda Hindistan, Japonya, Meksika, Danimarka, Ispanya, iran
ve Avusturalya gibi iilkelerin konuya ilgilerinin artt1g1, giincel yayinlar

ortaya koyduklar1 gozlemlenmistir.
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Sekil 6. Ulkelerin Yayin Atif Haritas:.
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Sekil 7. Ulkelerin Yillara Gére Yaym Atif Zaman Haritast.
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“Makine Ogrenme yoOntemleri kullanilarak EEG tabanli duygu
siniflandirma” konusu iizerine gergeklestirilmis calismalara katki
veren ve en ¢ok yayin iireten ilk on iilke Tablo 2’ de verilmistir.

Tablo 2. Ulkelerin Yayin Sayilari.

Ulke Yayin Sayist Yiizde
Cin 184 41.1%
Hindistan 54 12.1%
Amerika 48 10.7%
Suudi Arabistan 26 5.8%
Ingiltere 25 5.6%
Giiney Kore 23 5.1%
Italya 19 4.2%
Malezya 17 3.8%
Japonya 15 3.3%
Tirkiye 15 3.3%

Tablo 2 incelendiginde, en ¢ok arastirma gergeklestiren iilkenin Cin
oldugu goriilmektedir. En ¢ok yayin iireten on iilkenin toplam yayin
say1s1 448 olup Cin’ in %41 lik bir orana sahip oldugu goriilmektedir.
Tiirkiye 15 yayinile Japonya ile beraber en ¢cok arastirma gerceklestiren
9. iilke konumundadir.

3.6. Kurum Analizi

Kurumlarin yayinlar1 {izerinden analiz yapilmak istenildiginde
minimum atif sayist 1 ve minimum dokiiman sayisit 1 segilerek
ilerlenmistir. Bu kriterleri 79 adet kurum saglamistir. Yapilan analize
gore toplam baglanti giicii en yiiksek olan kurumlar su sekildedir;
Shanghai Jiao Tong University, Technology University Munich, East
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China University SCI&Technology, Oslo Metropolitan University,
University Shanghai SCl&Technology, Cardinal Tien Hosp., China
Med. University Hosp., Natl Taiwan University, University California
San Diego. Tiirkiye’ den ise Firat Universitesi ve Kirklareli Universitesi
atifta bulunulan ve ¢alisma yapan kurumlar arasinda goriilmiistiir.

aalbag univ
dr spm int ins@@Rformat techn
unigghull
miniguniv
south chmww technol
jilinigniv .
northwestern polytech univ S Sl
east china uniw'sci & technol _ shahid bEhES‘J"iV med sci
; K : h 2 9
china nucl power engn co Itd oreauniv. southeast univ

tech unigmunich

new jerseyiihst technol
W ey lab brain machine collabor LS - \
cardinaliiien fiosp shanghai jiae tong univ
Aath Laﬂ@:-
key lab brain r&hme collabor chinesgacad sci
hangzhou dianzi univ
"
- taylgis univ

visvesvaraya natl inst technol

zhejiang key lalbrain machine
Sekil 7. Kurumlari Yayin Haritast.

En ¢ok yayin iireten 10 kurum Tablo 3’ te listelenmistir. En fazla
yayimin Hangzhou Dianzi ve Shanghai Jiao Tong, Chinese Academy
of Sciences tiniversitelerinden yayinlandigi goriilmektedir.
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Tablo 3. Kurumlarin Yayin Sayilari.

Yaym  Yiizde

Kurum Sayist (%)
HANGZHOU DIANZI UNIVERSITY 35 7.813
SHANGHAI JTAO TONG UNIVERSITY 17 3.795
CHINESE ACADEMY OF SCIENCES 15 3.348
NATIONAL INSTITUTE OF TECHNOLOGY NIT SYSTEM 12 2.679
NORTHWESTERN POLYTECHNICAL UNIVERSITY 12 2.679
FIRAT UNIVERSITY 10 2232
EGYPTIAN KNOWLEDGE BANK EKB 9 2.009
NANYANG TECHNOLOGICAL UNIVERSITY 9 2.009
IMAM MOHAMMAD IBN SAUD ISLAMIC UNIVERSITY 8 1.786
UNIVERSITY OF CALIFORNIA SYSTEM 8 1.786

3.7. Kelime Analizi

Yayinlarin 6zet bilgilerinde minimum iki kez tekrar edilen kelimeler
icin se¢im yapilip ilerlendiginde 134 adet kelimeden 23 adeti kriterlere
uymustur. Buna gore yapilan haritalandirma Sekil 8” de gosterilmistir.
En cok kullanilan kelimeler “duygu analizi”, “makine 6grenmesi”,

29 ¢¢

“eeg”, “smiflandirma”, “derin 6grenme” olmustur.
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Sekil 8. Kelimelerin Kullanilma Siklig1 Haritasi
3.8. Yaymnlarin Bibliyografik Eslesme Analizi

“Bibliyografik eslesme” (bibliographic coupling), bilimsel literatiirde
ikiveyadaha fazla dokiimanin ortak referanslari paylasmasi durumudur.
Bu, belirli kaynaklar1 paylasan makalelerin, belirli konular veya fikirler
etrafinda birbirleriyle iligkili olabilecegini gosterir. Bibliyografik
eslesme, belirli bir aragtirma alaninda ¢alismalar arasindaki iligkileri
ve etkilesimleri anlamak i¢in kullanilir (Dirik vd. 2023: 164-188).

Yaymnlar aras1 bibliyografik eslesme incelendiginde en az 1 atifta
bulunulmak kaydiyla 448 yayinin 43 adeti bu kriteri saglamistir. Bu
yayinlar aralarindaki bag {i¢ farkli grupta kiimelenmistir.
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Sekil 9. Yayinlarin Bibliyografik Eslesme Haritast.

3.9. Yazarlarin Bibliyografik Eslesmesi

En az 1 eser yaymnlamis ve 1 atif almis olmak kriteri ile segilen ve
aralarinda baglanti bulunan 215 yazarin 188 tanesi bu kriterleri
saglamigtir. Toplam baglanti giiciine gore en fazla bibliyografik
eslesmesi olan 20 yazar ve bilgileri asagidaki Tablo 4’ te listelenmistir.
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Tablo 4. Yazarlarin Dokiiman Sayisi, Atif Sayist ve Toplam Baglant1 Giicii.

Yazar Dokiiman Sayisi Atif Sayisi Toplam Baglant1
Giicii

Kong, Wanzeng

Acharya, Rajendra 23 300 66382
Bagherzadeh, Sara 16 1243 50632
Garcia, David Lopez 19 241 48636
Gorriz, Juan 11 441 38276
Jafari, Mahboobeh 7 39 4067
Khodatars, Marjane 1 8 3814
Shalbaf, Ahmad | 8 3814
Shoeibi, Afshin 1 8 3814
Jensen, Christian 1 8 3814
Liu, Huan 1 1 2458
Lou, Tianyu 1 1 2458
Wu, Yixiao 1 1 2458
Xiao, Yang 1 1 2458
Zhang, Dalin 1 1 2458
Zhang, Yuzhe 1 1 2458
Peng, Yong 4 29 2151
Kamble, Kranti 2 47 1888
Sengupta, Joydeep 2 47 1888
Chen, Peng 1 237 1766

3.10. Yazarlarin Es Atif Analizi

Es atif, bilimsel literatiirde iki ya da daha fazla yayinin ayni ¢alismalara
atif yapmast durumunu ifade eder. Es-atif analizi, belirli bir alanda
hangi yaynlarin birlikte siklikla atif aldigini belirlemeye yardimci olur.
Bu, belirli bir konu, teori veya metodoloji etrafinda bilim diinyasinda
nasil bir topluluk olustugunu ve bu toplulugun yapilanmasini anlamak
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icin 6nemlidir. Es-atiflar, genellikle ayn1 veya benzer konular {izerine
calisan aragtirmalar arasinda giiglii iliskilerin oldugunu gosterir.

Es atif yapilan yazarlar belirlenmek istendiginde minimum atif sayis1
5 secilerek ilerlenmis ve 2101 yazarin 115 bu kriterleri saglamistir. Es
atif analizine iliskin 1s1 haritas1 Sekil 10’ da verilmistir.

Sekil 10. Yazarlarin Es Atif Is1 Haritasi.

4. Sonug¢

Makine Ogrenme yontemleri kullanilarak EEG tabanli duygu
siniflandirma, beyin sinyallerini anlamak ve duygusal durumlarla
iligkilendirmek agisindan biiylik 6nem tasimaktadir. Bu yontemler,
depresyon ve anksiyete gibi duygusal rahatsizliklarin erken teshisine

209



Hali¢ Universitesi Sosyal Bilimler Dergisi 2024, 7/2: 193-212 Ugur, S.I. ve ark.

olanak saglayarak duygusal saglik takibinde devrim yaratilabilecegi
diistiniilmektedir. Ayn1 zamanda, beyin-bilgisayar ara yiizleriyle
engelli bireylerin cihazlar1 disiinceleriyle kontrol etmeleri veya
iletisim kurmalar1 miimkiin hale gelebilecektir. Ayrica, bilgisayar
oyunlari, egitim yazilimlari ve sanal gergeklik uygulamalarinda
kullanic1 deneyimini kisisellestirerek insan-bilgisayar etkilesimini
gelistirebilecegi  diisiiniilmektedir. Duygusal durumlarin  beyin
aktiviteleriyle iliskisi psikoloji ve ndrobilim arastirmalarina yeni
ic goriiler katabilirken, klinik uygulamalarda tedavi siireglerini
tyilestirmek ve terapilerin etkinligini artirmak agisindan da umut vaat
etmektedir. Bu nedenle, makine 6grenme yontemleri kullanilarak EEG
tabanli duygu siiflandirma bilimsel ve teknolojik gelismelerin yani
sira insan saglig1 alaninda da 6nemli bir katki saglayacaktir.

Bu arasgtirma, “Makine oOgrenme yontemleri kullanilarak EEG
tabanli duygu smiflandirma” iizerine yapilan yayinlarin kapsamli bir
incelemesini sunmaktadir. {1k inceleme ve filtreleme asamalarindan
sonra, WoS veri tabaninda indekslenen 448 yaymn sec¢ilmis ve
bibliyometrik analizler i¢in verileri hazirlanmistur.

VOSViewer uygulamasi ile iilke, yazar, yaym, kurum haritalari
cikarilmistir. Ortak yazarlik, Yazarlarin Es Atif Analizi (Co-citation of
Authors), Yazarlarin Bibliyografik Eslesmesi, Yayinlarin Bibliyografik
Eslesme Analizi, Kelime Analizi (Co-occurrence Author Keywords)
gibi bibliyometrik analiz teknikleri kullanilmistir.

Bu baglamda, “Makine o6grenme yontemleri kullanilarak EEG
tabanli duygu siniflandirma” yayimlarinin egilimleri, genel 6zellikleri
ve is birligi aglar1 ayrintih bir sekilde incelenmistir. Ozellikle son
yillarda artan yayin sayisiyla bircok degerli arastirma bulgusu ortaya
konmustur.
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Yayimnlar incelendiginde en ¢ok gegen kelimelerden en Onemlileri
“duygu analizi”, “makine Ogrenmesi”, “eeg”, “smiflandirma”
ve “derin Ogrenme” olarak goriilmektedir. Buradan anlasilacagi
iizere makine O6grenme yontemleri kullanilarak EEG tabanli duygu
siniflandirma iizerine yapilan arastirmalarda derin 6grenmeye de yer
verildigi goriilmistiir. Bu da arastirilmasi gereken bagka bir konu
olarak karsimiza ¢ikmaktadir.

Ulkelerin yayin say1s1 incelendiginde en ¢ok yayin yapan iilkenin %41
liik oranla Cin oldugu goriilmektedir. Hindistan ve Amerika da sirasiyla
%12 ve %10 liik yiizdeler ile Cin’ 1 takip ettigi goriilmektedir. Bu {i¢
iilkenin toplam yayin sayist %63 oran ile konu alanin1 baskiladiklar
gOriilmiistir.

En cok atif yapilan iilkeler incelendiginde Cin’ in yine 6nde geldigi
goriilmiistiir. Aym1 zamanda son yillarda Hindistan, Avustralya,
Ispanya, Japonya ve Danimarka gibi iilkelerin de atif sayilarinin arttig1
goriilmektedir.

Ulkelerin is birligi haritas1 incelendiginde Cin, Hindistan, Amerika ve
Suudi Arabistan’ in 6nde geldigi goriilmiistiir. Bu iilkeler, kapsamli
aragtirma altyapilari, kaliteli iiniversiteleri ve Ar-Gerye yaptiklari
biiylik yatirnmlarla dikkat ¢ekmektedir. Bu durum, diger iilkelerle is
birligi yaparak bilimsel ¢calismalarini daha ileri tagimalarini saglayacagi
ongoriilmektedir. Ote yandan, Hindistan ve Suudi Arabistan gibi
gelismekte olan iilkeler, uluslararasi is birlikleriyle bilgi ve teknolojiyi
paylasarak bilimsel gelisimlerini hizlandirmay1 hedeflemektedirler.
Bu iilkelerin bilimsel ¢esitlilik ve farkli perspektiflere acik olmalari,
is birliklerinin kalitesini artirir ve bilimsel inovasyonu destekleyecegi
distiniilmektedir.
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secilmelidir. Yazim metni iki tarafa yaslanmalidir. Ozet boliimiiniin yaziminda tek
satir araligi se¢ilmelidir. Makale 6zetinin 100 ila 200 kelime arasinda olmasina dikkat
edilmelidir. Tiirkce ve Ingilizce dzetlerin 1 (bir) sayfay1 gegcmemesi gerekmektedir.
Makalenin Ingilizce olarak sunulmak istenmesi durumunda baslik ve anahtar
kelimelerin once Ingilizcelerinin sonra Tiirkgelerinin verilmesi gerekmektedir.
Anabhtar kelime sayist en az 3 en fazla 6 olmalidir. (10 Punto)

Anahtar Kelimeler: Anahtar Kelime 1, Anahtar Kelime 2, Anahtar Kelime 3. (10
Punto)
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Calismanin ingilizce Ismi Her Kelimenin ilk Harfi
Biiyiik (Baglaclar Hari¢) ve “Times New Roman”
Fontunda 14 Punto ve Tek Satir Bosluk Olacak Sekilde

Abstract (12 punto)

Bu Microsoft Word belgesi Hali¢ Universitesi Sosyal Bilimler Enstitiisii Miidiirliigii
tarafindan yayinlanan Sosyal Bilimler Dergisi’ne gonderilecek olan makaleler igin
ornek olmast amaciyla hazirlanmistir. Dergimizde yaymlanmak {izere gonderilen
makalelerin bu sablona gore diizenlenmeleri gerekmektedir. Ozet kisminda
calismanin yenilikleri ve temel bulgulari vurgulanmalidir. Tiirkge ve Ingilizce 6zet
kisimlar1 Times New Roman yazi tipi ile yazilmali ve 10 punto biiytikligl secilmelidir.
Yazim metni iki tarafa yaslanmalidir. Abstract boliimiiniin yaziminda tek satir araligi
sec¢ilmelidir. Makale 6zetinin 100 ila 200 kelime arasinda olmasina dikkat edilmelidir.
Tiirkge ve Ingilizce 6zetlerin 1 (bir) sayfayr gegmemesi gerekmektedir. Makalenin
Ingilizce olarak sunulmak istenmesi durumunda baslik ve anahtar kelimelerin 6nce
Ingilizcelerinin sonra Tiirkgelerinin verilmesi gerekmektedir. Anahtar kelime sayis1
en az 3 en fazla 6 olmalidir. (10 Punto)

Keywords: Keywords 1 , Keywords 2 , Keywords 3 , (10 Punto)

1. Giris

Ana metin, A4 kagit boyutuna 2 cm kenar bosluklar1 ile 12 punto
yazi biiyiikliigiinde Times New Roman yazi tipi ile 1 satir araligi
ve her iki yana yash sekilde yazilmalidir. Ana boliim basliklari
numaralandirilmali, kelimelerin ilk harfleri biiyiik olmali ve koyu
(bold) karakterde yazilmalidir. Baglikla iist metin arasinda da bir
satir bosluk birakilmalidir. Ana bdliim basligindan sonra paragraf
aralig1 (6nce 12nk) olacak sekilde ayarlanmali, metin aras1 da 1 satir
olmalidir. Paragraflar arasinda bosluk birakilmalidir. Calismanin
Ingilizce olarak sunulmak istenmesi durumunda boliim bashig
“Introduction” olarak verilmelidir. Arastirma makalelerinde
bolimler su sekilde olmalidir: “Giris”, “Amac¢ Ve YoOntem”,
“Bulgular”, “Tartisma ve Sonu¢”, “Kaynak¢a”. Derleme ve yorum
yazilari i¢in ise, ¢alismanin 6neminin belirtildigi, sorunsal ve amacin
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somutlastirildigi “Giris” bélimiiniin ardindan diger boliimler gelmeli

99 e

ve ¢aligma “Tartisma ve Sonug”, “Kaynak¢a” seklinde bitirilmelidir.

Bu boélimde caligmayla ilgili yeterli literatiir bilgisi verilmeli ve
caligmanin gerekcesi belirtildikten sonra amaci vurgulanmalidir.
Ancak konu ile ilgisi olmayan ve gereginden fazla literatiir bilgisi
vermekten kaginilmalidir.

Metin ici kaynak gosterimi APA formatindadir. (Yazar Soyadi, Yil:
Sayfa aralig1). (Dayan¢ Kiyat, 2004: 106-110). Birden fazla kaynak
ile atif yapilacak ise yazar alfabetik sira ile yazilidir (Allport, 1961:
15-17; Levy ve Guttman, 1974: 25).

2. Materyal ve Metot

Bu boliimde, uygulanan yontemler ve teknikler anlasilir bir sekilde
verilmeli ve metin “Times New Roman” yazi tipinde 12 punto
biiyiikliigiinde ve tek satir aralikla yazilmalidir. Metinle ilgili olarak
Giris boliimiinde yapilan acgiklamalar bu boliim i¢in de gecerlidir.
Baslikta bagla¢ haricindeki tiim kelimelerde ilk harf biiyiik
yazilmalidir.

Calismanin Ingilizce olarak sunulmak istenmesi durumunda boliim
baslig1 “Material and Method” olarak verilmelidir. Boliim icerisinde
alt boliim basliklar1 a¢ilmasi miimkiindiir.

2.1. Materyal ve Metot Alt Bashg:

Materyal ve metot boliimiinde alt baslik altinda bilgi verilmek istenmesi

durumunda alt baglik “Times New Roman” yaz1 tipi, 12 punto ve kalin
olarak yazilmalidir. Alt basligin ilk harfleri biiyiik yazilmalidir.
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2.2. Sekiller, Tablolar ve Denklemler

Sekiller grafik, diyagram, fotograf, resim ve harita seklinde olabilir.
Sekil yazisi seklin alt kismina yazilmalidir. Hem sekil hem de sekil
yazisi sayfaya ortalanmalidir. Sekil yazilar1 okunakli olmalidir. Sekil
ile iist metin arasinda 1 satir bosluk birakilmalidir. Sekil yazisi ile alt
metin arasinda da 1 satir bosluk birakilmalidir. Sekil yazis1 11 punto
olarak yazilmali1 ve asagidaki 6rnekte (Sekil 1) oldugu gibi verilmelidir.
Metin igerisinde sekillere atifta bulunulmalidir.

Sekil 1. Ornek Resim

Kaynak: Soyadi, A. A., (y1l). Kitap Adi(Ttalik). Kitabin Basildig1 Yer, Yayinevi.

Tablolar agik gerceveli tercih edilebilir. Tablo yazisi tablonun iist
kismina yazilmalidir. Hem tablo hem de tablo yazis1 sayfanin ortasina
hizalanmalidir. Tablo yazisi ile {ist metin arasinda 1 satir bosluk
birakilmalidir. Tablo ile alt metin arasinda 1 satir bosluk birakilmalidir.
Tablo yazilar1 tercihen 9 ile 11 punto ile yazilmali ve tek satir aralig
se¢ilmelidir. Metin igerisinde tablolara atifta bulunulmalidir.

Tablo 1. Tablo Baslig.

Siitun Baslig1 Siitun Baghigi Siitun Baglig1
Bilgi satiri Bilgi satiri Bilgi satiri
Bilgi satirt Bilgi satiri Bilgi satirt
Bilgi satiri Bilgi satiri Bilgi satirt
Bilgi satir1 Bilgi satiri Bilgi satiri

Kaynak: Soyadi, A. A., (y1l). Kitap Adi(Ttalik). Kitabin Basildig1 Yer, Yayinevi.
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Denklemler sirasiyla 1’den baglanarak numaralandirilmalidir.
Denklem sola yaslanarak yazilmali ve denklem numarasi sag kenara
yerlestirilmelidir. Denklem ile metin arasinda iistten ve alttan birer
satir bosluk birakilmalidir. Denklemler resim formatinda olmamalidir.
Word denklem diizenleyicisi tercih edilebilir.

3. Bulgular

Bu béliimde ¢alisma sonucunda elde edilen bulgular ¢alisma sirasina
gore sunulmalidir. Calismanin Ingilizce olarak sunulmak istenmesi
durumunda boliim baslig1 “Results” olarak verilmelidir.

4. Tartisma

Bu boliimde, yapilan calismadan elde edilen bulgular bilimsel ilkelerin
15181 altinda 6nceki verilerle karsilastirlarak irdelenmelidir. Istenilmesi
halinde, elde edilen bulgular ve bunlarin irdelenmesi Bulgular ve
Tartisma baslig altinda da verilebilir.

5. Sonuc¢

Bu boliimde calismadan elde edilen 6zgiin sonuglar bir sira dahilinde
sunulmalidir. Calismanin Ingilizce olarak sunulmak istenmesi
durumunda boliim basligt “Conclusions” olarak verilmelidir.
TesekKkiir

Varsa bu boliimde, caligmada yardim ya da destekleri bulunan kisi
veya kisilere ya da kurum yetkililerine tesekkiir edilebilir. Calismanin

Ingilizce olarak sunulmak istenmesi durumunda bu boliimiin bashg
“Acknowledgment” olarak verilmelidir.

217



Hali¢ Universitesi Sosyal Bilimler Dergisi 2024 » Cilt: 7/2: 213-219

Kaynak¢a

Kaynakga bashgi diger basliklar gibi “Times New Roman” fontunda 12
punto, bold olarak yazilmahdir. Calismada yararlamlan kaynaklar alfabetik
sira ile “Kaynakea” baghigi altinda 11punto ile yazilmalhidir. Kaynaklarm
tamami calismanin son sayfasindaki “Kaynake¢a’ bashigi altinda verilmelidir.
Ancak Oz béliimiinde kaynak gosterilmez. Her referans arasmnda 6
punto bosluk olmalidir. Cahismanin Ingilizce olarak sunulmak istenmesi
durumunda boliim bashgi “References* olarak verilmelidir.

Siireli Yayinlar:

Soyadi, A., Soyadi, B. B., ve Soyadi, C., (y1l). Yayinlanan Makalenin Ad1. Makalenin
Yayinlandigr Dergi Adi(Italik), Cilt ve say1 numarast 7(1), Makalenin sayfa
numarasi araligi 1-12. Doi:

Kitaplar:

Soyadi, A. A., (yil). Kitap Ad: (Italik). (B. Soyadi, Cev.)Kitabin Basildig1 Yer,
Yayinevi.

Sempozyum, Kongre, Bildiri:

Soyadi, A., Soyadi, B. B., ve Soyadi, C., (yil).Yaymlanan Bildirinin Ad1. Bildirinin
Yayinlandigr Sempozyum Kongre, Toplanti ya da Konferans Adi (Italik), sayfa
aralig1 1-12, Sehir, Varsa Universite veya Kurulus.

Kitap I¢i B6liim:

Soyadi, A. A., (yil). Bolimiin Adi. A. Soyadi (Ed.), Kitabin Adi (italik) iginde,
Basim Yeri, Basim Evi.

Tez:

Soyadi, A. A., (yil). Yiiksek Lisans veya Doktora Tezinin Adi (Italik). Tezin tiirii,
Universite, Enstitii.
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Web Sitesi:

Soyadi, A. A.,/ Kurum, / Rapor, (y1l). Makale Basligi. / Konu Bagligt. Erisim adresi,
(Erisim Tarihi:).

Sadece link adresi ise:

URLI erisim adresi, (Erisim Tarihi:).

Makaleler format disinda yazildig: takdirde direkt reddedilecektir.

Makale yazim kilavuzunu buradan indirebilirsiniz:
http://dergipark.gov.tr/download/journal-file/10641
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